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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for Robertson Barracks. 

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

• the Detailed Site Investigation report (June 2018)

• the Human Health and Ecological Risk Assessment Report (August 2018).

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

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

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

In June 2017, the Department of Defence commenced a detailed environmental investigation to 
identify the nature and extent of per- and poly-fluoroalkyl substances (PFAS) on, and in the vicinity of, 
Robertson Barracks as a result of the historical use of legacy firefighting foams at the Base.  

The detailed environmental investigation at Robertson Barracks is complete and the outcomes from 
the investigation were used to develop this PFAS Management Area Plan (PMAP). 

The development of the PMAP involved a review of the key PFAS source areas and migration 
pathways, and an evaluation of a range of available management options. The exposure risks 
identified in the Human Health and Ecological Risk Assessment (HHERA) were generally low and did 
not require specific management measures. The two potentially elevated exposure risks identified in 
the HHERA are being sufficiently mitigated by existing activities. 

To monitor potential changes in the nature and extent of PFAS at Robertson Barracks, and in the 
surrounding area, an Ongoing Monitoring Plan (OMP) will be implemented. 

The OMP will involve the sampling of groundwater, surface water and sediment at monitoring areas 
which are located primarily at Robertson Barracks, the Close Training Area and the southern drainage 
channel. 
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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.  

CTA Close Training Area 

DSI Detailed site investigation as identified in section 1.5 

EPA Environment Protection Authority (NT) 

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 

Monitoring Area The geographical area subject to Defence response actions as 
described in section 1.5 and 2.1 

MTR Marksmanship Training Range 

Net environmental 
benefit (NEB) 

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

• ecosystem health 
• sensitive species 
• fate and transport of PFAS. 

b) planned mitigation actions for any negative impacts. 

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

Ongoing Monitoring Plan 
(OMP) 

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

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

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

Public Works Committee 
(PWC) 

Required to approve higher value public works (exceeding $15 million) 
and assess public works with a value of between $2 million and 
$15 million). 

Remediation Action Plan 
(RAP) 

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

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

Response Management 
Strategy (RMS) 

The Defence PFAS Response Management Strategy 

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

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 Monitoring 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 Robertson Barracks and surrounding areas, consistent with the PFAS National 
Environmental Management Plan (NEMP). 

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

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

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

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

2. 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 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. 

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

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

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

1.3.2 The nature of PFAS 

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

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

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

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

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

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

1.4 Policy context  

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

                                                      

 

1 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 

This PMAP relies on: 

• the detailed site investigation of June 2018 conducted by Senversa Pty Ltd, and 

• the human health and ecological risk assessment of August 2018 conducted by 
Senversa Pty Ltd. 

to inform risk identification and weighting for the Monitoring Area. 

The key parameters for the PMAP are set out below. 

Monitoring Area The Monitoring Area (as defined in Figure 3) comprises Robertson 
Barracks and the southern drainage channel running along the 
southern boundary of the Barracks where concentrations of PFAS 
have been identified above the laboratory limit of reporting (LOR) 
and drinking water screening values. The Monitoring Area also 
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includes a portion of the Close Training Area (CTA) to monitor 
potential lateral migration of PFAS impacted groundwater from 
Robertson Barracks and PFAS impacted surface water within 
Milners Creek which has been identified above the LOR and 
ecological screening values. Two groundwater abstraction bores 
used for potable purposes at the Shoal Bay Receiving Station 
(SBRS) have also been included within the OMP upon request by 
Defence. These two bores were also tested as part of the DSI as 
the SBRS is operated by Defence and are proposed to be included 
as part of ongoing monitoring despite no previous detections of 
PFAS. 

Issue/risk identification Sourced from the HHERA and identified as elevated exposure 
scenarios from PFAS impacts identified within the Monitoring Area, 
which includes: 
• Human consumption of fish and molluscs caught from Milners 

Creek or the southern drainage channel. 
• Potential for PFAS exposure by aquatic ecosystems in the key 

habitat area (Milners Creek and Milners Swamp) cannot be 
excluded given the habitat value of this area and the known 
presence of PFAS. The PFAS concentrations in surface water 
are below screening levels for direct ecological toxicity thus risk 
to aquatic receptors due to direct contact with impacted surface 
water or sediment are considered low and acceptable. 
However, potential risks due to PFAS bioaccumulation in the 
food chain cannot be excluded based on the available data. 

The detection of PFAS concentrations on surface water does not 
necessarily indicate that there will be adverse effects, but instead 
that management of exposure and/or further 
investigation/assessment may be warranted. 

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

Management timeframe Short, medium and long-term response actions (ref: Section 7.2): 
comprehensive response document extending beyond primary 
implementation period to an extended implementation period, where 
appropriate 
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1.6 Key response factors 

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

• whether an option is proportional to risks 

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

• views of the jurisdictional regulator and 
other stakeholders 

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

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

• effectiveness and validation status of 
technology 

• success measures for the treatment or 
remediation outcomes 

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

• the net environmental benefit 

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

1.7 Implementation process 

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

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

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

 

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

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

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

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

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

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

a) Higher value public works 

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

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

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

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

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

b) Site Selection Board 

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

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

1.7.2 Procurement phase 

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

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

1. The primary implementation period applies to actions that can generally be addressed in 
the short to medium term (up to three years. Ref section 7.2). The implementation of the 

                                                      

 

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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Ongoing Monitoring Plan will commence in the primary implementation period and extend 
through to the extended implementation period. 

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

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

impacted soils and materials. 

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

a) the primary implementation period 
b) the extended implementation period, or 
c) both the primary and extended implementation periods (eg, monitoring for PFAS). 

1.7.4 A living document 

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

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

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

1.8 Constraints and assumptions 

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

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

• Current limited Australian vendor capacity to implement proven technologies for treatment and 
destruction of PFAS. 

• Current regulatory restriction (prohibition) on the off-site disposal of PFAS solids to landfill. 
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MONITORING AREA  

2.1 Monitoring Area description 

Robertson Barracks is located approximately 17 km east of Darwin city centre. The area surrounding 
Robertson Barracks contains predominately semi-rural residential land uses, with open wetland and 
swamp areas as well as multiple quarrying areas including within the CTA located to the east of 
Robertson Barracks. 

The Monitoring Area (as defined in Figure 3) comprises Robertson Barracks and the southern 
drainage channel running along the southern boundary of the Barracks which discharges to Milners 
Creek where concentrations of PFAS have been identified above ecological screening levels. The 
Monitoring Area also includes a portion of the CTA to monitor potential lateral migration of PFAS 
impacted groundwater from Robertson Barracks and PFAS impacted surface water and sediment 
within Milners Creek and Milners Swamp within the CTA. Two groundwater abstraction bores used for 
potable purposes at the SBRS have also been included as part of this OMP. These two bores were 
also tested as part of the DSI as the SBRS is operated by Defence and are proposed to be included 
as part of ongoing monitoring despite no previous detections of PFAS. Site identification details are 
summarised in the table below. 

Table B – Monitoring Area Details 

Item Relevant information 
Monitoring Area Address The Monitoring Area comprises Robertson Barracks, Thorngate 

Road, Darwin, NT, 0829 plus the southern drainage channel that 
runs parallel to the southern boundary and part of the CTA 

Monitoring Area The Monitoring Area covers 181.3 ha (1.81 km2) 
Current Site Owner The Commonwealth of Australia 
Land Parcels Robertson Barracks: Tenure 805/990 
Municipality The Commonwealth of Australia  
Current Land Use Zoning Commonwealth Land (CA) 
Current Site Occupier Department of Defence 

 

2.2 Monitoring Area setting 

The environmental setting of the Monitoring Area is outlined in the table below. 
Table C – Monitoring Area Setting 

Item Detail 

Landscape 
Setting 

The Monitoring Area is situated in a semi-rural area surrounded by semi-rural residential land uses, with 
open wetland and swamp areas as well as multiple quarrying areas including within the CTA in the 
eastern section of the Monitoring Area.  

The Larrakia people are the traditional owners of the Darwin region identifying an area from Cox 
Peninsula in the west to Gunn Point in the north, Adelaide River in the east and Manton Dam in the 
south. 

Regional 
Meteorology 

The Monitoring Area lies within the monsoonal tropic area of northern Australia. The area experiences 
two distinct seasons, a warm, Dry season from approximately May to September and a hot, monsoon 
and tropical cyclone Wet season from approximately October to April with rainfall predominantly falling 
during the Wet season. Significant monsoon and tropical cyclone events during January to March are 
relatively common, occurring throughout the Wet season and are likely to cause localised flooding.  
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Item Detail 

Topography The Monitoring Area and surrounds are slightly undulating and low lying with wetlands and swamps 
sloping towards the east, with the elevation ranging from approximately 37 metres above Australian 
Height Datum (mAHD) in the northwest and 19 m in the northeast. The surrounding area slopes to the 
northeast towards Shoal Bay. 

Geology The Monitoring Area is generally underlain by the Bathurst Island Formation which overlies the Wildman 
Siltstone Formation with the exception of an outcrop of the Acacia Gap Quartzite Member located within 
the CTA as summarised below: 

• Bathurst Island Formation typically comprises radiolarian claystone, sandy claystone, clayey 
sandstone, quartz sandstone, glauconitic sandstone and basal conglomerate up to 50 m in 
thickness. 

• Wildman Siltstone Formation comprises siltstone, silty sandstone and minor quartzite encountered 
between 50 m to over 1,000 metres below ground level (mbgl). 

• Acacia Gap Quartzite Member comprises quartzite, commonly pyritic sandstone with interbedded 
siltstone. 

The geology encountered during the DSI across the Monitoring Area was generally consistent with 
sandy silt or silty sand overlying siltstone. Fill material was observed at several locations within the CTA 
at locations previously mined and at several locations within Robertson Barracks, generally associated 
with grass cover or below concrete and paving. Vegetated corridor areas within Robertson Barracks 
and the former quarry area in the CTA consisted of a fill material or natural material on the surface. 

Hydrogeology The upper water table aquifers of the Bathurst Island Formation are discontinuous and unconfined, 
occurring as localised aquifers within the surface fluvial sand, silts and gravel beds of these 
predominantly fine sediment dominated units. Groundwater levels in the upper water table aquifer 
recorded during the DSI ranged between the ground surface during the Wet season and 10.194 mbgl 
during the Dry season. The aquifer is recharged during the Wet season by infiltration of rain and flood 
water and river leakage with seasonal variations of up to 9.3 m reported between the Dry and Wet 
seasons in the marksmanship training range (MTR). In some areas, it is likely that the upper aquifer 
discharges to rivers, and the pattern of recharge and discharge relationships between the upper 
aquifers and rivers is in many areas, seasonal. 

Groundwater levels from monitoring wells installed within the lower table aquifer of the Bathurst Island 
Formation between 27 and 30 mbgl ranged between 1.445 and 7.283 mbgl indicating a semi-confined 
aquifer system. Vertical hydraulic gradients between ‘shallow’ and ‘deep’ well pairs were limited at two 
paired monitoring locations with a downward vertical gradient evident at one paired location which 
indicated that the two aquifers are likely to be hydraulically connected. 

Groundwater flow direction in the northern and central portions of Robertson Barracks is inferred to the 
east-northeast. Groundwater flow direction in the southern portion of Robertson Barracks is inferred to 
the south-southeast which is likely to be influenced by the southern drainage channel leading into the 
Milners Creek.  

Groundwater hydraulic gradients across the Monitoring Area were generally consistent ranging between 
0.0116 and 0.0138. Apart from some minor spatial and temporal variations, the hydraulic gradients 
reported for the Wet season compared to the Dry season were relatively similar. This suggests that 
groundwater recharge to the underlying aquifers are relatively uniform across the study area with no 
evidence of preferential recharge zones. The average calculated seepage velocities vary by an order of 
magnitude between the upper (silt) aquifer (from 46 m/year in the Dry season to 77 m/year in the Wet 
season) and the lower (siltstone) aquifer (approximately 2 m/year). 

As a result of the difference in surface topography between Roberson Barracks and the CTA, 
groundwater is generally encountered at more shallow depths within the CTA. In some areas of Milners 
Creeks, including in the south of the CTA and immediately adjacent to the east of Robertson Barracks, 
the creek channel is shallow and not likely to be in hydraulic continuity with groundwater during the Dry 
season until further down gradient closer to Milners Swamp. During the Wet season, however, 
groundwater levels rise almost to the ground surface within the CTA in proximity of Milners Creek as 
well as above the drainage lines in some areas within Robertson Barracks with groundwater and 
surface water both contributing to areas of high water flow and/or areas of inundation. 

Catchment 
Drainage 

Robertson Barracks is located in the Kings Creek Catchment, which flows north out into Shoal Bay, 
located northeast of Darwin Harbour. Robertson Barracks is situated adjacent to and resides on part of 
a wetland area to the west which drains south along the western boundary into the southern drainage 
channel which discharges into Milners Creek, an intermittent creek which flows north into Milners 
Swamp. Flow from Milners Swamp then moves into Kings Creek which in part transitions through the 
Noogoo Swamp before entering Shoal Bay. 

Monitoring Area 
Drainage and 
Surface Water 
Features 

There are two surface water features in low lying areas present in the northeastern and western 
portions of Robertson Barracks that are likely to collect surface water run-off during high rainfall events. 
These features are likely to be associated with former water courses such as creeks and swamp 
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Item Detail 
systems. The swamp area along the western portion of Robertson Barracks is predominantly inundated 
while the northeastern area becomes inundated during high rainfall events. 

There are a number of lined and unlined drainage lines located within Robertson Barracks that 
generally follow the local topography and divert surface runoff through and off Robertson Barracks. 
Generally, surface water diverts around Robertson Barracks and runs around the perimeter in open 
channels before discharging along points on the eastern, western and southern boundaries. 

The drainage lines in the southern portion of Robertson Barracks discharge to the unlined southern 
drainage channel which is located outside of Robertson Barracks and runs parallel to the southern 
boundary. This channel discharges into the southern tributary of Milners Creek which flows northwards 
through the CTA. The drainage lines in the central portion of Robertson Barracks discharge to a drain 
that runs underneath Thorngate Road to the east and into the western tributary of Milners Creek. The 
two tributaries of the Milners Creek system converge within the CTA with the creek then flowing to the 
northeast and to the area known as Milners Swamp. These two tributaries of Milners Creek are 
ephemeral in places dependent on recent rainfall events and groundwater levels. 

Various manmade lakes are scattered across the CTA from historical quarrying activities. The water 
from these lakes are not used for any purpose by Defence, however, may be used by ecological 
receptors particularly birds.  

Environmentally 
Significant 
Surface Water 
Bodies 

The Monitoring Area is located within the Shoal Bay area of conservation significance. The Shoal Bay 
area is listed as being of ‘International Significance’ according to the Northern Territory Government 
Department of Environment and Natural Resources (DENR, 2017) with the area predominantly 
comprising conservation reserves and protected areas, consisting of extensive mud and sand flats with 
much of the area exposed during low tide.  

The tidal flats provide an important roosting area for up to 5,000 migratory waterbirds which aggregate 
on small fresh water wetlands within inland areas. The Shoal Bay area of conservation significance 
contains approximately 14 threatened species with international significance. Additionally, Milners 
Swamp and Noogoo Swamp to the north and northeast are permanent, freshwater swamps (although 
portions of these swamps are dry and therefore discontinuous during the Dry season). These swamps 
are reported to support significant breeding populations of waterbirds, which may include Rajah 
Shelducks, Magpie Geese, Brolga and other species that are regionally important. However, no regular, 
significant waterbird breeding colonies have been identified in this area of NT (Chatto, 2006). 

Current Uses of 
Monitoring Area 

Robertson Barracks is the home of Australia’s 1st Brigade whose mission is to provide forces to 
conduct full-spectrum operations in order to defend Australia and its national interests. Over 2,600 staff 
work daily on Robertson Barracks, with the addition of staff from the United States Marine Corp (USMC) 
during the Dry season. The current layout and key features include:  

• helicopter airfield and infrastructure in the northern portion of Robertson Barracks, including 
hangars, vehicle and aircraft maintenance areas, and fuel supply infrastructure. 

• commercial/office buildings across Robertson Barracks. 
• residential housing for personnel, sports and recreational facilities and a child care centre (used 

four days a week as a minimum by mothers and toddlers) in the central eastern section of 
Robertson Barracks. 

• four main catering kitchens and recreational facilities, including gyms, swimming pools, children’s 
play parks, cafes and a chapel. 

• wash bay, refuelling areas, dangerous goods stores and mechanic areas within various 
compounds across Robertson Barracks. 

• training areas, including shooting ranges and revetments in the cleared open space to the north of 
Robertson Barracks known as the MTR. 

• the CTA which is a former quarry area to the east of Robertson Barracks has also recently been 
acquired by Defence which is currently being developed for the use of live fire range field training. 
As part of the proposed development of the CTA, fencing and gated access will be installed 
around the perimeter of the CTA to restrict access to the general public who can currently access 
some areas of the CTA. 

• sports fields, ovals and activity areas located along the south eastern section of Robertson 
Barracks. 
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Surrounding 
Land Uses 

The surrounding land use is predominantly Commonwealth owned land, with no privately-owned rural 
residential homes within a 1 km radius of Robertson Barracks. Identified land uses in each direction 
from Robertson Barracks are summarised below. 

• North: Shoal Bay Receiving Station (SBRS) is located to the north. This area predominantly 
comprises open woodlands, wetlands and swamps overlying an undulating topography. The littoral 
and marine zones of Shoal Bay lie immediately north of the SBRS. 

• East: To the east and north east are former quarries that have been utilised for sand and gravel 
extraction and are now filled with water. Defence now manages the land which is Commonwealth 
owned and is in the process of transforming the area into a CTA. The CTA also includes Milners 
Creek which continues into Milners Swamp and Noogoo Swamp Further to the east is the Darwin 
Correctional Facility. The flooded quarries and Milners Creek are located within the CTA with 
restricted access to the public, however, recreational fishing may occur in Milners Creek outside of 
the CTA and from the southern drainage channel which are accessible to the public. 

• South: Small woodland open reserve area, light industrial, commercial retail, office facilities and 
the Stuart Highway. 

• West: Open woodlands, tall shrubland, plains and swamps as well as an area managed by 
Airservices (not related to fire training exercises). Further west are semi-rural residential dwellings 
and Knuckey Lagoons Conservation Reserve. 

 

2.3 Management Area complexity scale 

The scale of the complexity of the Monitoring Area is rated Medium in accordance with the table 
below. 

 Characteristics Consequences 

Very 
Large 

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

off-Base 
• hydrogeological profile facilitates rapid migration of 

contamination 
• large impacted community 

− PMAP complex 
− Development / implementation timeframe: 

highly extended 

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

off-Base 
• Medium-sized impacted community 

− PMAP moderately complex 
− Development / implementation timeframe: 

extended 

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

off-Base 

− PMAP simplified 
− Development / implementation timeframe: 

medium 

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

on-Base 
• Potential risk of contamination to a small number of 

sensitive receptors 

− Basic PMAP 
− Development / implementation timeframe: 

medium 

2.4 Extent of contamination 

2.5.1 Identified PFAS Source Areas 

From approximately 2004, Defence commenced phasing out of legacy AFFF (generally 3M Lightwater 
AFFF formulation) across the Defence Estate, and therefore the primary source of PFAS impacts is 
no longer present at Robertson Barracks. However, the impacted environmental media at the site is 
providing an ongoing (secondary) source of PFAS impacts.  

A number of source areas where legacy AFFF was used and introduced into the environment were 
identified during the DSI (Senversa, 2018a). Based on a review of previous environmental 
assessments and the site history, several key areas were identified as the potential primary sources 
of PFAS resulting from the historical on-site storage, use and disposal of legacy AFFFs. The DSI 
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confirmed PFAS impacts associated with three source areas as shown on Figure 4 indicating legacy 
AFFF was unlikely to have been widely used across many parts of Robertson Barracks. 
Concentrations of PFAS were detected within the three source areas as follows. 

• Source Area 1: the former Emergency Response Squadron (ERS) compound within Building 137 
and immediate surrounds (Contaminated sites register (CSR) number – CSR_NT_000162). 

• Source Area 2: 17 Combat Service Support BDE Elements where the ERS parked their trucks 
prior to moving to Building 137 (CSR number – CSR_NT_000133, CSR_NT_000165 and 
CSR_NT_000245). 

• Source Area 3: Wash down bays and refuelling areas within the southern portion of Robertson 
Barracks. The drainage network also culminates in this area of Robertson Barracks (CSR number 
– CSR_NT_000241 and CSR_NT_000108). 

The following sections provide a summary of the nature, extent and transport of PFAS impacts 
identified during the DSI from the Dry season sampling event (October and November 2017), the Wet 
season sampling event (February 2018) and the additional sampling undertaken for the HHERA (May 
2018). The conceptual site model (CSM) is summarised in Chapter 4. 

Further assessment of the source areas and their contribution to potentially elevated exposure 
scenarios is provided in Section 4.1. 

2.5.2 PFAS Pathways and Receptors 

The SAQP and DSI included an assessment of pathways for PFAS migration and exposure and 
sensitive receptors that may be exposed to PFAS. To further inform the assessment of human and 
ecological receptors and their potential for exposure to PFAS, a water use and land use survey was 
also distributed to available residents in the general surrounds outside of the Monitoring Area, with 
this information used to support the assumptions made in the HHERA.  

The primary pathways for PFAS migration and exposure were surface water and transport within 
groundwater and consumption of fish and molluscs into which PFAS may have bioaccumulated. 

Identified receptors of potential PFAS exposure were people (Robertson Barracks personnel, nearby 
users of a resort area to the south, recreational use of local surface water features, consumers of 
recreationally caught fish and molluscs) and ecological receptors including animals and plants 
(terrestrial and aquatic) through direct exposure or through bioaccumulation by higher order predators 
(e.g. fish eating birds). 

Appendix C outlines the exposure medium, the exposure pathways and the human and ecological 
receptors that have been considered throughout the investigation. Chapter 4 provides further details 
of the CSM. 

2.5.3 Nature and Extent of PFAS Impacts 

The DSI (Senversa, 2018a) findings relevant to the assessment of risk and potential management 
responses are summarised below.  Further assessment of the data collected during the DSI 
(Senversa, 2018a) and HHERA (Senversa 2018b) has been undertaken in Section 4.1 for the key 
source areas, pathways and receptors for which potentially elevated exposure scenarios were 
identified. 

2.5.4 Soil 

Concentrations of PFAS exceeding the human health screening values for residential use with 
gardens/accessible soil were reported from verges of access roads or vegetated areas in close 
proximity to or down gradient of Source Areas 1, 2 and 3. These screening values were used as a 
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conservative measure for initial screening purposes given the presence of residential units and a 
childcare centre on Robertson Barracks.  However, the areas where exceedances of the screening 
values for residential use with gardens/accessible soil are not near these sensitive uses and therefore 
the exceedances of these values for access to soil and gardens is not deemed applicable. No 
exceedances of the human health screening values for residential with minimal access to soil, public 
open space or commercial/industrial use were reported which are considered to be more appropriate 
for the land use in these areas. 

No exceedances of the interim ecological direct exposure screening values for public open space 
were also reported from either sampling events. Ecological screening values for soil have yet to be 
finalised in Australia and it should be noted that the ecological screening values adopted are interim 
and not considered to be definitive. 

Based on the data collected to date, shallow soils are not considered to pose a direct risk to 
ecological or human receptors based on current land uses and taking into account potential risks 
posed by multiple exposure routes and bioaccumulation. Deeper samples analysed at selected 
locations up to 1.0 mbgl were in some cases higher than the surface sample, however, concentrations 
were within the same order of magnitude and were still well below the adopted screening values.  

PFAS detections in soils were generally associated with the three identified Source Areas, particularly 
Source Area 1 and in proximity to and down gradient of Source Areas 2 and 3. PFAS detections 
outside of these Source Areas, were noted to correlate with areas in proximity to the drainage network 
or that are subject to inundation during the Wet season and are therefore related to contaminant 
transport from the identified Source Areas. No PFAS was detected above screening values from soils 
outside of Robertson Barracks and it is considered that data gaps around the lateral and vertical 
extent of PFAS impacts in soils within the Monitoring Area have been resolved. 

No concentrations of the sum of PFOS and PFHxS were reported above 0.14 mg/kg in soils from 
within Robertson Barracks or the wider Investigation Area as defined in the DSI (Senversa, 2018a) 
and HHERA (Senversa, 2018b). Therefore, the soils within the Monitoring Area are categorised as 
Category 3 under the PFAS Construction and Maintenance Projects framework (Defence, 2018). 
Category 3 excavated soils are suitable for re-use within Robertson Barracks without additional 
mitigation procedures, subject to Base approvals. 

2.5.5 Groundwater  

Concentrations of PFAS detected in shallow groundwater within the upper portion of the Bathurst 
Island Formation were generally localised and limited to groundwater monitoring wells located within 
Robertson Barracks and the southern drainage channel with a single exception of PFOS reported 
equivalent to the laboratory limit of reporting (LOR) from MW021D located within the CTA during the 
Wet season. This monitoring well was resampled in May 2018 with no concentrations of PFAS 
detected.  

PFAS was generally detected in groundwater from and down gradient of Source Areas 1, 2 and 3 
which extends as far south as the southern drainage channel which runs outside of and parallel to the 
southern boundary of Robertson Barracks. PFAS impacted groundwater in these areas has been 
delineated and confirms the conceptual understanding of PFAS storage and use at Robertson 
Barracks. Exceedances of both the drinking water and recreational water quality screening values for 
the sum of PFOS and PFHxS were reported for these areas. 

PFAS was detected in groundwater outside of these areas near the southern boundary of Robertson 
Barracks and the northeastern section of Robertson Barracks. These areas are located outside of the 
three identified Source Areas, however, impacts identified at these locations are related to key 
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surface water/drainage infrastructure and reflect migration from these source areas rather than 
additional source areas.  

The calculated mass discharges and flux-averaged concentrations of the sum of PFAS in 
groundwater were in the order of 10-4 g/year and 0.01 µg/L (Source Area 1) and 1 g/year and 0.1 µg/L 
(Source Areas 2 and 3). The calculated concentrations are less than those reported in surface waters 
in or immediately downstream of identified Source Areas which supports that groundwater transport is 
considered a less significant component of PFAS migration, with surface water and sediments being 
the primary media for consideration. No PFAS was detected in groundwater samples collected from 
the boundary wells along the western portion of Robertson Barracks confirming that groundwater 
entering the Monitoring Area from up hydraulic gradient is not impacted by PFAS.  

2.5.6 Sediment and Surface Water  

The sediment and surface water analytical results indicate that PFAS concentrations are generally 
distributed in areas coincident with, or likely to be receiving drainage from or interacting with 
groundwater from, the three identified Source Areas where soil and groundwater impacts have also 
been identified (Source Area 1 and Source Areas 2 and 3 and down gradient of these two areas 
which are located adjacent to each other). Similar to soil and groundwater, PFOS and PFHxS were 
the dominant compounds detected in sediment and surface water, with limited PFOA detections 
indicating a relatively uniform PFAS formulation in the legacy AFFF used at Robertson Barracks. 

PFAS concentrations in sediments were generally below the LOR and/or the adopted screening 
values with the exception of immediately down gradient of expected surface water flow of Source 
Area 1 and along the southern boundary of Robertson Barracks and the southern drainage channel. 
Concentrations of PFAS in sediment were above the human health screening values for residential 
with gardens/accessible soil from these locations, however, both of these areas are currently used as 
road verges or vegetated areas.  

Concentrations of PFAS were detected in the majority of sediment sampling locations along the 
southern drainage channel and Milners Creek within the CTA including from the most downstream 
sampling locations within Milners Swamp at SD124 to SD126. Although the full lateral extent of PFAS 
impacts to below the LOR has not been delineated within sediment downstream of Robertson 
Barracks past this point due to access restrictions, no exceedances of the adopted screening values 
were reported from SD124 to SD126. 

Concentrations of PFAS in surface water were detected in the most down gradient surface water 
sample collected during the Dry season (SW091) with detections of perfluorooctane sulfonate (PFOS) 
exceeding of the freshwater guideline values for 99% species protection. It should be noted that the 
screening value for 99% protection is below the laboratory LOR. PFAS was not detected at SW091 
during the Wet season, nor in the sample further down gradient within Milners Swamp SW120 during 
the Wet season. However, PFOS was reported above the LOR and therefore the freshwater guideline 
values for 99% species protection from SD124 to SD126 in the May 2018 sampling event which are 
located furthest downstream of Milners Creek within Milners Swamp. No concentrations of the sum of 
PFHxS and PFOS and PFOA were reported above the screening levels for recreational water use in 
the southern drainage channel and Milners Creek indicating that no unacceptable risk has been 
identified to people who have been observed swimming in the southeast corner of the CTA. 

No discernible trend was identified between concentrations of PFAS compounds in sediment 
compared with surface water from individual sampling locations, however in general, sampling 
locations in proximity to the eastern extent of the southern drainage channel generally reported 
detections of PFAS in both sediment and surface water. A similar pattern is evident in some sampling 
locations along the eastern boundary of Robertson Barracks and within Milners Creek down gradient 
of the main drainage channel for the northern portion of Robertson Barracks. 
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2.5.7 Pore Water  

Seven additional samples (PW075 in the southern drainage channel and PW122 to PW127 in Milners 
Creek) were collected in May 2018 for analysis of PFAS impacts in pore water. Concentrations of 
PFOS exceeding the freshwater guideline values for 99% species protection for high conservation 
value systems were detected in all pore water samples. It should be noted that the screening value for 
99% protection is below the laboratory LOR. The concentration of PFOS from QC128, the duplicate 
sample from PW075, and PW122 also exceeded the 95% species protection for slightly to moderately 
disturbed systems. The highest concentration of the sum of PFAS was reported from PW122 which is 
located down gradient of surface water flow from the drainage system at Robertson Barracks and 
Source Area 1. 

2.5 Groundwater use 

The regional groundwater supplements Darwin’s water supply with 10% sourced from an area known 
as Howard East Borefield within the Koolpinyah Dolomite aquifer located approximately 15 km 
southeast of Robertson Barracks. The City of Palmerston extracts water from a shallow aquifer below 
the township for irrigation purposes with extraction from the Proterozoic aged Dolomite aquifer of the 
South Alligator Group due to its high yield and productivity (Power N. and Yin Foo D., 1987).  
 
The likelihood of groundwater extracted at the Howard East Borefield and the City of Palmerston 
being be impacted by PFAS from the Monitoring Area is considered to be very low due to the 
following: 
• up-hydraulic gradient location; 
• long flow-path distance (>7,000 m); 
• multiple faults separating the hydrostratigraphic units; and 
• depth to the screen intervals in the supply bores. 

Water supply for Robertson Barracks (including filling of the pool) is supplied from the regional water 
authority, Power and Water Corporation, rather than groundwater abstraction bore water. Defence 
facilities to the north of Robertson Barracks including the MTR and the SBRS utilise treated 
groundwater for drinking and domestic purposes. The water treatment systems source water from 
deep groundwater bores installed into the Wildman Siltstone Formation at a depth greater than 50 
mbgl followed by treatment using a filtration system. 

Water supply testing and analysis for PFAS has been undertaken as part of the DSI at the MTR, 
SBRS bores and Thorak Regional Cemetery with no concentrations of PFAS detected. This data 
supports that PFAS concentrations exceeding the drinking water screening values in the upper 
portion of the Bathurst Island Formation at Robertson Barracks has not impacted deeper groundwater 
within the Wildman Siltstone Formation in these areas where groundwater is abstracted for potable 
purposes. 

2.6 Relevant legislation and government policy 

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

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

http://www.epa.vic.gov.au/PFAS_NMP
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Legislation and policy instruments relevant to the development of options for PFAS management in 
the Monitoring Area is set out and discussed in Appendix A. 

Other key drivers and constraints impacting upon response management include: 

• Currently there is limited Commonwealth legislation on the designation of waste disposal 
criteria. Whilst the PFAS NEMP indicates potential criteria to be adopted at the State/Territory 
level for a State/Territory based receiving site, there is no approved landfill disposal site in the 
Northern Territory (NT) that is licensed to receive PFAS impacted solids. 

• The PFAS NEMP document outlines the preferred framework for PFAS management including 
containment, remediation, treatment and disposal. The document acknowledges that each site 
is unique, and any management response must consider site-specific conditions in assessing 
the best approach to the management of PFAS. Overall, the document presents the hierarchy 
of options for site clean-up, which is consistent with the policy intent of the PFAS NEMP waste 
management requirement, being any clean-up of land will reflect the order of preference set out 
in the waste hierarchy (i.e. treatment and reuse on–site is preferred to treatment and reuse off-
site, while long-term containment off-site is least preferred). 

• Key constraints in the NT for off-site options to manage PFAS impacted solids and liquids is the 
lack of guidance on disposal criteria or the provision of licensed solid and liquid waste disposal 
and treatment options for PFAS impacted material. 

• Any option to manage PFAS impacted solids in an off-site facility is generally treated as a 
landfill operation and requires consideration under local government regulations and referral to 
the Northern Territory Environment Protection Authority (NT EPA). Typically, this involves 
Works Approval with associated community consultation. The requirements of the PFAS NEMP 
would be considered in such reviews. 

2.7 Interim response management actions / existing institutional controls 

No interim response actions and/or institutional controls commenced or were in place for the 
management during the investigation phase.  

2.8 Stakeholders 

The following stakeholders have been identified and should be considered when developing 
engagement response actions. 

Government/Regulators: 

• NT EPA (EPA) 

• NT Department of Health (DoH) 

• Chief Vets Office – Department of Economic Development, Jobs Training and Resources 
(DEDJTR) 

• NT Department of Primary Industry and Resources 

• NT Department of Environment and Natural Resources 

• Department of Police, Fire and Emergency Services 

• Litchfield Council  

• Mr Tony Sievers, Legislative Assembly of The Northern Territory (MLA) from the NT 
Government 
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• Ms Kirsty Hunt from the Hon Warren Snowdon MP’s Office (Federal Member for Lingiari) and 
as the Deputy Mayor of Litchfield Council. 

Interest Groups: 

• Northern Territory Land Council 

• Larrakia Nation 

• Larrakia Development Corporation 

Community: 

• General Public 

Local Media 

• NT News 

• ABC News, Darwin 

• Sun Newspapers 

Stakeholder and community engagement has occurred since the commencement of the PFAS 
Investigations in June 2017.  Government stakeholders have been communicated the progress and 
findings of the PFAS investigations on a regular basis. 

Five community engagement sessions were held during the detailed environmental investigation to 
discuss the following items: 

• November 2016 – PFAS Environmental Investigation 

• March 2017 – PFAS Environmental Investigation 

• September 2017 – PFAS Environmental Investigation 

• June 2018 – Detailed Site Investigation findings 

• August 2018 – Human Health and Ecological Risk Assessment and PMAP findings 
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3 PMAP METHODOLOGY AND APPROACH 

 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan. NT EPA has been 
consulted in the development of the PMAP. 

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

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

3.2 Identify risks and consequences (Chapter 4) 

The list of risks to be managed in this PMAP are identified as ‘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 Chapter 4. The list of 
options has been informed by a range of information and research, both general and specific to the 
Monitoring Area. Monitoring Area-specific information includes:  

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

The management options include  

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

• On-going monitoring to assess whether the lateral and vertical extent of PFAS impacted 
groundwater and surface water and concentrations of PFAS are decreasing, stable or 
increasing. 

• 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 rating (not relevant for 

institutional controls) 

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

C. Defence implications 
12 Defence capability 
13 Project fit 
14 Scalability 

D. Stakeholder impacts, views and consents 
15 Jurisdictional regulator/s 
16 Owner / occupier consents and views 
17 Community 

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 (Section 7.1) 

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

4.1 Source / pathway / receptor analysis 

4.1.1 Summary of Potentially Elevated Exposure Scenarios 

The HHERA (Senversa, 2018b) has identified potentially elevated exposure scenarios associated with 
the following pathways from the CSM. 

• Consumption of fish and molluscs caught from Milners Creek and the southern drainage 
channel. 

• Potential for PFAS exposure by aquatic ecosystems in the key habitat area (Milners 
Creek and Milner Swamp) cannot be excluded given the habitat value of this area and the 
known presence of PFAS. The measured PFAS concentrations are below the 95% protection 
level, but as PFAS are bioaccumulative, the 99% protection level applies to account for 
bioaccumulative effects that may manifest over time. Therefore, potentially elevated exposure 
due to PFAS bioaccumulation in the food chain cannot be excluded based on available data. 

Overall, the assessment undertaken for the HHERA was conservative and could be refined through 
the collection of biota data to better understand the level of exposure and risk. More detailed 
assessment could include more a definitive ERA and assessment of human consumption of 
recreationally caught fish and molluscs supported by biota sampling. However, it is noted that while 
additional risk assessment may rule out some potentially elevated exposure scenarios, it is unlikely to 
change the management options selected for the Monitoring Area.  

It is also be unlikely that a pragmatic biota sampling program would allow potentially elevated 
exposure scenarios to be entirely excluded, given the need to assess potential PFAS exposure at 
different trophic levels, and over different seasons (and that some key sampling locations may be 
inaccessible at times). Where additional investigation and assessment are considered unlikely to 
impact upon the overall conclusions and the requirement for management, such works are unlikely to 
be warranted. 

Given the understanding of the potentially elevated exposure scenarios identified above, the 
identification and prioritisation of management actions in the short, medium and long term for the 
Monitoring Area have been considered in this PMAP. 

4.1.2 Summary of Risk Sources Requiring Monitoring or Management 

The DSI (Senversa, 2018a) identified risk sources associated with the following pathways from the 
CSM that require monitoring or management. These are generally associated with sources that have 
the potential to provide a risk in future should migration of impacts, or changes in water use within the 
Monitoring Area, occur. 

• Shallow groundwater (upper portion of Bathurst Island Formation) impacts within 
Robertson Barracks. Concentrations of PFAS in shallow groundwater were reported above 
the drinking water and recreational water HBGVs at and around the identified Source Areas. 
The nature and extent of shallow groundwater impacts and whether impacted groundwater is 
migrating outside of Robertson Barracks is understood.   

• Shallow groundwater (upper portion of Bathurst Island Formation) impacts migrating 
outside of Robertson Barracks. Concentrations of PFAS exceeding the screening values has 
been identified to the south of Robertson Barracks near to the southern drainage channel at 
MW030. Groundwater flow direction in this part of the Monitoring Area has been inferred to the 
south-southeast and no concentrations of PFAS have been detected at MW029 to the south, 
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although only one monitoring event has been undertaken at this location to date. Should the 
nature or intensity of land use change and groundwater abstraction occur near to this area, 
there is the potential for a future risk to off-site users of shallow groundwater. There is also a 
potential that discharge of groundwater from the upper portion of Bathurst Island Formation 
could occur to Milners Creek and the southern drainage channel due to high groundwater 
levels in the Wet season at concentrations exceeding the adopted ecosystem screening values. 

• Migration pathways from soil sources at Robertson Barracks. Legacy AFFF was only 
stored and used in limited areas of Robertson Barracks with higher concentrations generally 
recorded at and in proximity Source Areas 1 to 3. Given the reported PFAS concentrations in 
soil and the nature and behaviour of PFAS in the broader environment, soil impacts are likely to 
present an ongoing source of impacts to groundwater and surface water from infiltration and 
overland flow, respectively. 

4.1.3 Summary of Source Areas and Risk Contribution 

The three Source Areas where PFAS impacts have been identified during the DSI (Source Areas 1, 2 
and 3) are shown on Figure 4. Further detail on the magnitude of concentrations recorded for different 
environmental media sampled at and in proximity to these three Source Areas are provided in Table 1 
to aid in understanding which Source Areas are contributing to the risk, and where management 
response may focus in these areas. The relative contribution of PFAS impacts from each of these 
areas to the potentially elevated risks identified is discussed below.  

Table E – Risk Contribution Mechanism 

Source Area (ID)  Risk Contribution Mechanisms Relative 
Contribution 
to Risk* 

Source Areas 

Source Area 1 – 
Former ERS 
compound Building 
137 

Soil impacts to approximately 1m in depth.  
Shallow depth to groundwater at 1.5 to 5.0 mbgl. 
Concentrations of PFAS exceeding recreational and drinking water human-health 
based guideline values (HBGV) (FSANZ, 2017) recorded in shallow groundwater. 
Shallow groundwater discharge to the northeast which is direct pathway of 
dissolved impacts to Milners Creek and migration of impacts into the CTA. 
PFAS reported in sediments from drainage lines in this area that may contribute to 
surface water impacts. 
Soil impacts located adjacent and in close proximity to surface water drains are 
likely to contribute to surface water from overland flow. 

Moderate to 
Significant 

Source Area 2 – 
Former ERS Truck 
Parking Area 

Generally surface soil impacts with low concentrations with one exception 
(BH023). 
Shallow depth to groundwater at 1.8 to 5.0 mbgl. 
Concentrations of PFAS exceeding recreational and drinking water HBGV 
recorded in shallow groundwater. 
Shallow groundwater discharge to the south-southeast which is direct pathway of 
dissolved impacts to southern drainage channel and Milners Creek. 
Potential for overland flow of soil impacts in close proximity to drainage lines and 
direct discharge into southern drainage channel. 

Moderate 
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Source Area (ID)  Risk Contribution Mechanisms Relative 
Contribution 
to Risk* 

Source Area 3 – Fire 
Truck Wash Down 
Bays and Refuelling 
Area 

Soil impacts to approximately 0.5m in depth.  
Shallow depth to groundwater at 2.0 to 5.0 mbgl. 
Concentrations of PFAS exceeding drinking water HBGV recorded in shallow 
groundwater down hydraulic gradient of this Source Area. 
Contributing to shallow groundwater discharge to southern drainage channel 
which is direct pathway of dissolved impacts to Milners Creek and migration of 
impacts into the CTA. 
PFAS reported in sediments from drainage lines in this area that may contribute to 
surface water impacts. 
Potential for overland flow of soil impacts in close proximity to drainage lines and 
direct discharge into southern drainage channel. 

Moderate to 
Significant 

Surface Water – Robertson Barracks 

Surface Water 
Drains 

Direct pathway for mobilisation of PFAS from soil and sediment to surface water. 
Unlined surface water drainage channels also act as a direct pathway for PFAS 
impacts from shallow groundwater which rises to interact with the base of the 
drainage lines in the Wet season to Milners Creek to the east from the northern 
portion of Robertson Barracks and the southern drainage channel from the 
southern portion of Robertson Barracks.  Intermittent potential in high flows for 
migration outside of Robertson Barracks to east-northeast and south. 
Highest concentrations in surface water recorded in eastern main drain 
downgradient of Source Area 1. 
Unlined nature of majority of open drainage has potential to impact shallow 
groundwater in vicinity of stormwater drains along the length of these channels, 
especially in proximity to Source Areas 1, 2 and 3. 

Significant 

Milners Creek and Southern Drainage Channel 

Milners Creek Concentrations of PFAS in sediment, pore water and surface water have been 
detected along Milners Creek in the south of the CTA and in Milners Swamp. 
Potential discharge of shallow groundwater PFAS impacts may occur near to 
Robertson Barracks. 
Potential exposure to aquatic biota (including biomagnification) - exposure to 
impacted sediment and surface water ongoing. 
Potential for recreational fishing and human consumption of PFAS impacted biota 
in Milners Creek. Evidence of potential fishing activities has been noted in the 
south of the CTA near to Thorngate Road and in Milners Swamp. 

Significant 

Southern Drainage 
Channel 

Concentrations of PFAS in sediment, pore water and surface water have been 
detected in the southern drainage channel. 
Potential discharge of shallow groundwater PFAS impacts may occur in this area. 
Potential exposure to aquatic biota (including biomagnification) - exposure to 
impacted sediment and surface water ongoing. 
Potential for recreational fishing and human consumption of PFAS impacted biota 
in the southern drainage channel which is accessible to the public. 

Moderate to 
Significant 

*Where the relative contribution to risk has been identified as moderate, the potential for those areas to contribute to risk 
associated with PFAS impacts is considered to be possible. Where the relative contribution to risk has been identified as 
significant, the potential for those areas to contribute to risk associated with PFAS impacts is considered to be likely.  
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Based on the information presented in Table 1, and summarised above, the key source areas that are 
considered to have a significant contribution to the potentially elevated exposure scenarios and 
potential future elevated exposure scenarios identified in the DSI and HHERA, which require 
consideration of management response options comprise: 

Source Area 1: the former Emergency Response Squadron (ERS) compound within Building 137 
and immediate surrounds (Contaminated sites register (CSR) number – CSR_NT_000162). 

Source Area 2: 17 Combat Service Support BDE Elements where the ERS parked their trucks prior 
to moving to Building 137 (CSR number – CSR_NT_000133, CSR_NT_000165 and 
CSR_NT_000245). 

Source Area 3: Wash down bays and refuelling areas within the southern portion of Robertson 
Barracks. The drainage network also culminates in this area of Robertson Barracks (CSR number – 
CSR_NT_000241 and CSR_NT_000108). 

Surface Water at Robertson Barracks: unlined drainage system. 

Milners Creek: including the southern tributary fed by the southern drainage channel which runs 
north through the CTA where it meets with the western tributary which is fed by the drainage system 
leaving the eastern boundary of Robertson Barracks. These two tributaries converge in the western 
portion of the CTA and then flow to the northeast and Milners Swamp. 

Southern drainage channel: runs parallel to the southern boundary of Robertson Barracks and 
receives discharge from a number of unlined drainage channels from the southern portion of 
Robertson Barracks. 

Further monitoring of groundwater and surface water will be undertaken within the Monitoring Area as 
part of the Ongoing Monitoring Plan (OMP) as discussed in Chapter 5 and detailed in Attachment 1. 

4.2 Risk listing and consequences 

The tables below provide details of the potentially elevated risks and identified risk sources requiring 
monitoring or management, including the potential consequences if the risks were to be realised.  The 
potentially elevated risks highlighted in orange represent potential risks that cannot be discounted 
based on currently available data.
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Table F – Risk Listing and Consequences: Potentially Elevated Risks 

Risk Identification # 1 2 

Title Human consumption of fish and molluscs caught from Milners Creek and the southern drainage channel. Potential for PFAS exposure by aquatic ecosystems in the key habitat areas comprising Milners Creek and Milner Swamp. 

Description & Nature of Risk 

Description The qualitative assessment conducted as part of the HHERA suggests that the risk associated with recreationally caught crustacea 
is low. 
The potential risks associated with consumption of recreationally caught fish and molluscs from Milners Creek and the southern 
drainage channel cannot be ruled out based on current data.  
 

Overall, it is not considered possible to exclude potential adverse effects to ecological receptors within Milners Creek and Milners 
Swamp given the habitat value of this area and the known presence of PFAS. The PFAS concentrations are below screening 
levels for direct ecological toxicity.  As such, there is no current evidence that there has been an impact or effect on the aquatic 
ecosystem. Given the potentially complete exposure pathway, potential risks via the bioaccumulation pathway cannot be excluded 
based on the available data and further consideration should be given to management to reduce exposure and/or to more detailed 
assessment. 

Pathway/s Uptake into fish and molluscs from surface water and sediment impacts via the food web and subsequent human consumption. Uptake into food web (ecological) from surface water impacts. 

Receptor/s Human consumers of fish and molluscs caught from Milners Creek and the southern drainage channel, comprising recreational 
fishers. 

Bioaccumulation into higher order ecological receptors who may feed on aquatic flora/fauna within open drains or other surface 
water bodies and aquatic flora and fauna within Milners Creek and the southern drainage channel. 

Primary Source/s PFAS in soil, sediment, groundwater and surface water primarily migrating from Source Area 1 in Robertson Barracks to the east and Milners Creek and from Source Areas 2 and 3 to the southern drainage channel which discharges to Milners Creek.  The highest 
concentrations of PFAS were generally reported down gradient of these source areas. 

Secondary Source/s Sediment in drainage lines within Robertson Barracks and to a lesser extent, Milners Creek and the southern drainage channel. Reported PFAS concentrations in drainage sediments were relatively low, however, the presence of detectable PFAS in a number of 
sampling locations indicates that these have the potential to act as an ongoing source of PFAS to surface water bodies and drainage lines. 

Contributing 
Source/s 

Sediment in drainage lines within Robertson Barracks and to a lesser extent in Milners Creek itself and the southern drainage channel. 
Overland flow from impacted soil areas (Source Areas 1 and 3 and to a lesser extent Source Area 2) into unlined drainage lines within Robertson Barracks that discharge to Milners Creek and the southern drainage channel. 
Shallow groundwater discharge directly into drainage lines within Robertson Barracks, Milners Creek and the southern drainage channel as groundwater levels have been identified to reach the base of these water features and the ground surface in these areas 
during the Wet season. 

Consequence 

Current Impacts Potential exposure pathway identified for human consumption of potentially PFAS impacted fish and molluscs through recreational 
fishing. 

Potential exposure pathway for aquatic ecological receptors to PFAS impacts from Robertson Barracks has been identified. 

Potential Impacts Bioaccumulation of PFAS in humans from consumption of potentially PFAS impacted fish and molluscs caught from recreational 
fishing. 

Adverse effects to ecological receptors from higher order bioaccumulation within food web. 

Temporal Risks Ongoing contribution of PFAS to primary and secondary source from discharge of surface water from site drainage lines to Milners Creek and the southern drainage channel. 

Extent 

Location Milners Creek and the southern drainage channel Milners Creek and the southern drainage channel 

Approx. Spatial 
Extent 

175,500 m2 (17.55 ha) 175,500 m2 (17.55 ha) 

Existing Management Measures 

Defence Discontinue use of legacy AFFF 
Restricted access in some parts of the CTA including current access roads which are gated, however, no fencing currently in place. 

Discontinue use of legacy AFFF 

Stakeholders None None 

Potential Additional 
Controls 

Source management 
Restrict access to Milners Creek and the southern drainage channel from the general public. 
Monitoring of ecosystem health including additional ecological assessment and/or future sampling of aquatic biota for risk revision. 

Source management 
Surface water monitoring of Milners Creek 
Monitoring of ecosystem health including additional ecological assessment and/or future sampling of aquatic biota for risk revision.  
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Table F – Risk Listing and Consequences: Potential Risk Sources Requiring Monitoring or Management 

Risk Identification # 3 4 5 6 

Title Shallow groundwater (upper portion of Bathurst Island 
Formation) impacts migrating within Robertson Barracks. 

Shallow groundwater (upper portion of Bathurst Island 
Formation) impacts migrating into southern drainage channel 
CTA. 

Migration of shallow groundwater impacts to deeper 
groundwater (lower portion of Bathurst Island Formation). 

Migration pathways from soil sources within Robertson 
Barracks. 

Description & Nature of Risk 

Description Groundwater impacts include concentrations of PFAS exceeding 
both the drinking water and recreational HBGV in shallow 
groundwater beneath Robertson Barracks. 

PFAS impacted shallow groundwater above HBGV has been 
identified to the north of the southern drainage channel. There is 
the potential for future migration of impacted shallow 
groundwater to the CTA, however, this has not been identified to 
date. A potential future risk to users of shallow groundwater has 
been identified should the nature or intensity of land use change 
and groundwater extraction occurs near to Robertson Barracks.  
There is also the potential that discharge of shallow groundwater 
could occur to Milners Creek and the southern drainage channel 
at concentrations exceeding the adopted ecological screening 
levels. 

There is the potential for PFAS impacted shallow groundwater in 
the upper portion of the Bathurst Island Formation to migrate 
vertically into the lower portion of the Bathurst Island Formation.  
However, this has not been identified within the sampling 
undertaken to date for the DSI and HHERA. 
  

Given the reported PFAS concentrations in soil, the nature and 
behaviour of PFAS in the broader environment, soil impacts are 
considered likely to pose an ongoing source of impacts to 
groundwater and surface water from infiltration and overland 
flow, respectively. However, legacy AFFF was not widely used 
across Robertson Barracks with soil impacts (at low 
concentrations) reported in localised areas in the top 1 m of the 
soil profile.  

Pathway/s Groundwater migration and discharge to surface waters. Groundwater migration, extraction and uptake into food chain 
from stock watering or irrigation. 

Vertical migration of groundwater through the soil profile. Infiltration of soil impacts into shallow groundwater and overland 
flow from impacted soil areas into drainage lines. 

Receptor/s Discharge to surface waters in drains, however water from the 
drainage lines within Robertson Barracks are not used for any 
purpose. 

Discharge to surface waters in drains and to Milners Creek and 
the southern drainage channel, with bioaccumulation into 
aquatic animals including fish and subsequent consumption by 
ecological predators, or home consumption (by humans) of 
recreationally caught fish and molluscs. 

Deeper groundwater may potentially be in hydraulic continuity 
with the underlying Wildman Siltstone Formation which is used 
for potable and non-potable purposes by Defence at the MTR 
and SBRS as well as Thorak Regional Cemetery. 
 

Discharge to surface waters in drains that discharge to Milners 
Creek and the southern drainage channel, with bioaccumulation 
into aquatic animals (fish and molluscs) and subsequent 
consumption by ecological predators, or home consumption (by 
humans) of recreationally caught fish and molluscs. 

Primary Source/s PFAS in shallow groundwater migrating in the direction of 
groundwater flow to the north-northeast in the northern portion of 
Robertson Barracks and to the south-southeast in the southern 
portion. 

PFAS in shallow groundwater migrating in the direction of 
groundwater flow to the north-northeast and Milners Creek in the 
northern portion of Robertson Barracks and to the south-
southeast in the southern portion towards the southern drainage 
channel and Milners Creek. 

PFAS in groundwater migrating vertically from shallow impacted 
groundwater to deeper groundwater in the lower portion of the 
Bathurst Island Formation. 

PFAS in soils at impacted source areas. 

Secondary Source/s Leaching of contaminants from impacted soil sources infiltrating to shallow groundwater. Vertical migration of PFAS impacts in shallow groundwater.  
Leaching of contaminants from impacted soil sources infiltrating 
to shallow groundwater. 

Leaching of contaminants from impacted soil sources infiltrating 
to shallow groundwater. 

Contributing 
Source/s 

Leaching of contaminants from impacted soil sources infiltrating to shallow groundwater. 
Shallow groundwater can interact with impacted surface water in drainage lines within Robertson Barracks, Milners Creek and the southern drainage channel as groundwater levels have been identified to reach the base of these water features and the ground 
surface in these areas during the Wet season. 

Consequence 

Current Impacts No current users of shallow groundwater identified within 
Robertson Barracks and risk to maintenance workers assessed 
to be low and acceptable. 

None – No users of shallow groundwater identified.   
 

None – deeper groundwater currently unimpacted and no users 
of the lower portion of the Bathurst Island Formation identified. 

Not providing a direct risk to receptors currently based on Tier 1 
screening levels, however, providing a secondary source of 
impacts to other environmental media and receptors. 
Ongoing impacts to sensitive receptors in the CTA and southern 
drainage channel. 

Potential Impacts Likely to be providing a secondary source of impacts to 
stormwater discharge in some areas, thereby providing an 
ongoing source of potential impact to Milners Creek and the 
southern drainage channel.  

Discharge to Milners Creek and the southern drainage channel, 
particularly when groundwater levels rise to the base of surface 
water features/ground surface during the Wet season. 

Should the lower portion of the Bathurst Island Formation 
become impacted with PFAS from shallow groundwater there is 
the potential for vertical migration of PFAS into the deeper 
aquifer system of the Wildman Siltstone Formation which is used 
for potable purposes within the Monitoring Area. 

None identified in HHERA, however, likely to be providing a 
secondary source of impacts to stormwater discharge and 
shallow groundwater in some areas. 
Ongoing source of impacts to sensitive receptors identified 
within Monitoring Area.   
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Risk Identification # 3 4 5 6 

Temporal Risks Migration of shallow groundwater into the drainage system 
within Robertson Barracks may provide an ongoing source of 
risk to Milners Creek and the southern drainage channel (See 
Risks 1 and 2). 

Migration of shallow groundwater into to Milners Creek and the 
southern drainage channel may provide an ongoing source of 
risk (See Risks 1 and 2). 

Vertical migration of PFAS impacted groundwater from the 
upper portion to the lower portion of the Bathurst Island 
Formation. 

 

Extent 

Location and Extent Generally across Robertson Barracks, shallow groundwater 
impacts are coincident with key soil source areas and down 
gradient of these locations. Impacted groundwater may also be 
a result of impacted surface water infiltration in unlined drainage 
lines down gradient of the key source areas. Given the findings 
of the DSI, the risk to current receptors at Robertson Barracks 
from impacted shallow groundwater is considered to be low. 

The lateral extent of PFAS impacts has generally been 
delineated with no detections of PFAS above the LOR in the 
CTA and to the south of the southern drainage channel. 
 

No concentrations of PFAS have been detected above the LOR 
with the exception of PFOS equivalent to the LOR at MW021D 
during the Wet season sampling event. This was resampled in 
May 2018 and no concentrations of PFAS were reported above 
the LOR indicating that the vertical migration of PFAS impacted 
groundwater from the upper portion of the Bathurst Island 
Formation to the lower portion has not occurred. 

The assessment of nature and extent in soil undertaken to date 
is not likely to provide adequate certainty and delineation of the 
nature and extent for development of management or 
remediation options should these be required in future in key 
source areas. 

Existing Management Measures 

Defence Discontinue use of legacy AFFF Discontinue use of legacy AFFF Discontinue use of legacy AFFF Discontinue use of legacy AFFF. 
Defence PFAS Framework for Construction and Maintenance 
Projects to be implemented, if and when required. 

Stakeholders None None None None 

Potential Additional 
Controls 

Source management 
Restriction on groundwater abstraction within Robertson 
Barracks in the Bathurst Island Formation for any use apart from 
investigation purposes. 

Source management  
Restriction on groundwater abstraction within Robertson 
Barracks in the Bathurst Island Formation for any use apart from 
investigation purposes. 

Restriction on groundwater abstraction within Robertson 
Barracks in the Bathurst Island Formation for any use apart from 
investigation purposes. 

Source management  
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5 ONGOING MONITORING PLAN 

5.1 Overview 

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

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

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

5.1.1 Objective and purpose 

The objective of the OMP is to provide information on changes in PFAS contamination originating 
from a Defence Base to inform risk management decisions by Defence and State/Territory agencies 
to protect human health and the environment. 

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

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

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

5.1.2 Impacted decisions 

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

• additional investigations  

• re-assessment of one or more remediation or containment actions 

• additional remediation or containment actions 

• changing risk management actions at receptor level (eg  provision or cessation of 
alternate drinking water supplies) 

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

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

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

5.2 OMP communications 

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

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

5.3 OMP summary 

The OMP will include the following monitoring: 

• Groundwater monitoring wells installed in both the upper and lower portions of the Bathurst 
Island Formation within Robertson Barracks. 

• Groundwater monitoring wells installed in both the upper and lower portions of the Bathurst 
Island Formation within the CTA and the upper portion of the Bathurst Island Formation in the 
southern drainage channel. 

• Two groundwater abstraction bores installed into the Wildman Siltstone in the SBRS. 

• Surface water and sediment sampling of open, unlined drainage lines and stormwater drainage 
within Robertson Barracks. 

• Surface water and sediment sampling of the southern drainage channel and Milners Creek. 

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

The primary implementation period of the OMP will be two years during implementation of potential 
management options. The two year implementation period will provide an additional two years of data 
(total of three years including six monitoring events) which should provide sufficient data to assess 
temporal and spatial trends.  After this time the extended implementation period of the OMP will be 
reviewed to assess the extent of the monitoring network and frequency required, based on the 
specific characteristics of the Monitoring Area, the behaviour of the plume measured against specific 
data trends, and the revision of risk that may occur based on the assessment of results obtained from 
the monitoring. 

5.4 OMP review 

The OMP will be reviewed regularly. The review frequency will be based on site-specific 
characteristics and the existing trend data available. The review frequency may be revised during the 
implementation period as more data becomes available. 
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6 OPTIONS IDENTIFICATION AND ANALYSIS 

6.1 Options identification and analysis 

The DSI and HHERA concluded that the risks associated with the majority of exposure pathways 
relating to PFAS originating from Robertson Barracks to human and ecological receptors was low and 
acceptable as illustrated below.  

 

Low and Acceptable Risks 

 

  

Robertson Barracks MTR, CTA and SDC 

Contact with soil, sediment, or 
surface water in drains by 
receptors such as residents, 
children in the child care centre, 
commercial workers and 
visitors. 

Contact with groundwater or 
surface water through 
recreational use of SDC and 
Milners Creek. 

Contact with soil, sediment, 
groundwater or surface water in 
drains by receptors such as 
intrusive workers, and 
construction workers.  

Contact with soil, surface 
water and groundwater by 
intrusive workers and 
construction workers. 

Low risk due to inactive 
pathways: 
No abstraction and use of 
groundwater at Robertson 
Barracks 
No consumption of home grown 
produce (fruit, vegetables, 
eggs) on Robertson Barracks.  
No significant aquatic 
ecosystems are identified on 
Robertson Barracks, exposure 
pathway not assessed further.  

Low risk due to inactive 
pathways: 
PFAS impacts not identified 
to extend beyond the 
investigation area. All 
residential exposure 
pathways (outside of 
Robertson Barracks) are 
therefore assessed as 
inactive. 

Land ecosystems. Drinking water via 
groundwater abstraction. 

 Human consumption of 
recreationally caught 
crustacea. 

 Land ecosystems. 
 

 

Potentially Elevated 
Exposure Scenarios 

 

  

Robertson 
Barracks 

MTR, CTA and 
SDC 

 Aquatic ecosystems 
from bioaccumulation 

 Human consumption 
of recreationally 
caught fish and 
molluscs 

 

The identification of the potentially elevated exposure scenarios does not necessarily indicate that 
there will be adverse effects, but instead that management of risks and/or further investigation/ 
assessment may be warranted. Three main management options can be considered to minimise 
potentially elevated exposure to PFAS as follows. 

• Source control – this may include management of soil and/or sediment that are impacted by 
PFAS to remove or contain on-going sources of PFAS to the environment. 

• Pathway management – this may include treatment of groundwater and/or surface water to 
reduce the movement of PFAS though the environment. 
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• Exposure/receptor control – this can include measures to minimise the exposure of receptors 
to PFAS such as restricting access to impacted areas, implementation of occupational health 
and safety (OH&S) measures or advisory consumption notices. 

The detailed identification and analysis of an option or set of options for each risk is set out in 
Appendix E, using the criteria set out in Appendix D. 

6.2 Comparative analysis 

The options from section 6.1 are considered further in the following table. 
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Table G – Management Option Evaluation 

Risk Area /  
Management Option 

Technical applicability Logistical, Defence and Stakeholder 
considerations 

Financial 
considerations 

Relative Risk Reduction Benefit 

Robertson Barracks -  
Source Areas 1, 2 and 
3 and down gradient of 
these areas 

Preferred Management Option – Exposure (receptor) Control – Given that concentrations of PFAS in soil are below relevant Tier 1 screening levels at Robertson 
Barracks, no unacceptable risk to human health or ecological receptors has been identified. The primary source of PFAS impacts (i.e. use of legacy AFFF) has been 
removed, however, PFAS impacted soil is an ongoing, secondary source of PFAS to shallow groundwater and surface water. The lateral and vertical extent of PFAS 
and the concentrations of PFAS reported in soil at Robertson Barracks do not comprise a significant total mass of PFAS that would alter the risks to human and 
ecological receptors in the future. However, as a precautionary measure, OH&S measures such as appropriate personal protective equipment (PPE) should be 
documented in a health, safety and environment plan (HSEP) for any intrusive works that may be required in source areas. Whilst risks are low and acceptable for the 
intrusive maintenance workers pathway, pragmatic steps to minimise exposure in source areas would reduce potential exposure. 

Source Control – 
Soil/Sediment 
Management 

Either excavation and treatment and/or 
disposal is technically feasible. However, 
there is no licensed off-site disposal option 
and soil/sediment treatment is only just 
emerging with limited vendor capability. 
Containment via either in-situ capping and/or 
ex-situ repository is more technically feasible.  

No landfills licensed to receive PFAS 
impacted soils in NT. 
May affect Defence capability in localised 
areas and access roads. 
Likely to be acceptable to all stakeholders. 

Moderately high capital 
expenditure and low 
operation and 
maintenance (O&M) 
costs. 

This option is considered to provide moderate 
relative risk reduction benefit for the 
expenditure incurred as it will effectively isolate 
impacted material from stormwater interactions 
and reduce infiltration and resultant migration to 
shallow groundwater. 

Pathway Management 
– water 

Shallow groundwater capture and/or 
interception and treatment is technically 
feasible. However, unless source areas are 
managed then capture and treatment will be 
required in perpetuity.  

Success highly dependent on other measures 
(source management) and generally wouldn't 
be considered on its own. 
Unlikely to affect Defence capability. 
Likely to be acceptable to all stakeholders. 

Likely to be costly 
capital and in particular 
O&M expenditure 
(permanent water 
treatment unless 
sources managed). 

This option is considered to provide marginal 
relative risk reduction benefit for the 
expenditure incurred as it will require ongoing 
implementation of energy intensive interception 
and treatment. This option does not manage 
source areas from stormwater interactions. As 
such, this option could not be completed in 
isolation to reduce the risks identified. 

Exposure (receptor) 
Control 

No unacceptable risks to human health and 
ecological receptors have been identified 
from PFAS impacted soil. However, as a 
precautionary measure, OH&S measures 
such as appropriate PPE should be 
documented in a HSEP for any intrusive 
works at source areas. Whilst risks are 
assessed to be low and acceptable for 
intrusive maintenance workers pathway, 
pragmatic steps to minimise exposure in 
source areas would reduce potential 
exposure via all pathways. 

Administration of advice and monitoring 
enforcement is routinely undertaken should 
intrusive works be undertaken in source 
areas.  
Unlikely to affect Defence capability. 
May not be acceptable to specific affected 
stakeholders. 

Insignificant direct 
costs. 

This option does not remove/isolate impacted 
media within these source areas, so no relative 
risk reduction benefit anticipated. The 
minimising of exposure via receptor control 
would provide significant exposure reduction 
benefits. 
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Risk Area /  
Management Option 

Technical applicability Logistical, Defence and Stakeholder 
considerations 

Financial 
considerations 

Relative Risk Reduction Benefit 

Principal transport 
pathway - Site Surface 
Water (Drainage) 

Preferred Management Option – Exposure (receptor) Control – Given that concentrations of PFAS in sediment are below relevant Tier 1 screening levels at Robertson 
Barracks, no unacceptable risk to human health of ecological receptors has been identified. The primary source of PFAS impacts (i.e. use of legacy AFFF) have been 
removed. However, PFAS impacted sediment is an ongoing, secondary source of PFAS to surface water and shallow groundwater in the unlined drainage system. The 
extent of sediment in the drainage system within Robertson Barracks and the concentrations of PFAS reported in sediment do not comprise a significant total mass of 
PFAS that would alter the risks to human and ecological receptors in the future. However, as a precautionary measure, occupational health and safety (OH&S) 
measures such as appropriate personal protective equipment (PPE) should be documented in a health, safety and environment plan (HSEP) for any intrusive works 
that may be required in drainage lines. Whilst risks are low and acceptable for intrusive maintenance workers pathway, pragmatic steps to minimise exposure in source 
areas would reduce potential exposure.  

Source Control – 
Soil/Sediment 
Management 

Drainage improvement by removing 
impacted sediment is technically feasible and 
requires a sediment storage/treatment option 
once removed. Unless source areas are 
managed, then drainage infrastructure is 
likely to be re-contaminated. 

Significant logistical constraints on the timing 
and scale of the works involved. May require 
interim water treatment or temporary 
diversions, while upgrades and sediment 
removal are occurring. 
Capability likely to be significantly affected.  
Likely to be acceptable to all stakeholders. 

Likely to be very costly 
capital for on-site 
repository or treatment 
of sediments.  

This option is considered to provide moderate 
relative risk reduction benefit for the 
expenditure incurred, however, it is dependent 
on treating source areas contributing to this risk 
that may continue to contribute to impacted 
waters in the drains. 

Pathway Management 
– water 

Treating impacted water within drainage lines 
is technically feasible at ‘end of pipe’ where 
water discharges to Milners Creek and the 
southern drainage channel using available 
water treatment technology. However, the 
presence of impacted drainage infrastructure 
and sediments within/lining the open 
network, means there is limited value to treat 
water across the drainage network as it will 
be re-contaminated once in the drainage 
lines. 

Success highly dependent on other measures 
(source management) and generally wouldn't 
be considered on its own.  Requires ongoing 
implementation without other source 
controls/management. 
Unlikely to affect Defence capability. 
Likely to be acceptable to all stakeholders. 

Likely to be very costly 
capital including O&M 
expenditure 
(retreatment of waters 
once re-contaminated 
unless sediments 
managed or runoff 
from source areas, 
and/or shallow 
groundwater discharge 
managed). 

This option is considered to provide marginal 
relative risk reduction benefit; however, it is 
highly dependent on treating source areas and 
drainage line sediments contributing to this risk. 
Whilst it would reduce discharge to Milners 
Creek and the southern drainage channel, and 
could be considered as an interim temporary 
measure, it is likely to only provide marginal 
risk reduction whilst impacted sediment and 
water remains within Milners Creek and the 
southern drainage channel. 
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Risk Area /  
Management Option 

Technical applicability Logistical, Defence and Stakeholder 
considerations 

Financial 
considerations 

Relative Risk Reduction Benefit 

Exposure (receptor) 
Control 

No unacceptable risks to human health and 
ecological receptors have been identified 
from PFAS impacted sediment. However, as 
a precautionary measure, OH&S measures 
such as appropriate PPE should be 
documented in a HSEP for any intrusive 
works at source areas. Whilst risks are low 
and acceptable for intrusive maintenance 
workers pathway, pragmatic steps to 
minimise exposure in source areas would 
reduce potential exposure via all pathways. 

Administration of advice and monitoring 
enforcement is routinely undertaken should 
intrusive works be undertaken in drainage 
lines.  
Unlikely to affect Defence capability. 
May not be acceptable to specific affected 
stakeholders. 

Insignificant direct 
costs. 

This option does not remove/isolate impacted 
media within these source areas, so no relative 
risk reduction benefit anticipated. The 
minimising of exposure via receptor control 
would provide significant exposure reduction 
benefits. 

Principal receptor 
- Milners Creek and the 
southern drainage 
channel 

Preferred Management Option – Exposure (receptor) Control - Given the significant disturbance presented by soil treatment options and the scale and cost associated 
these options, it is not feasible to drain and treat sediment from Milners Creek and the southern drainage channel. The principal option that ranked highest is the 
current approach of implementing engineering and administrative controls. Whilst surface water capture and treatment would be possible, this option has a significant 
dependency on sediment treatment within Milners Creek and the southern drainage channel, as without sediment treatment surface water within these surface water 
features would be re-contaminated by partitioning from sediment and further, biota would still be exposed to PFAS impacted sediments.  
Engineering and administrative controls will effectively manage potential exposure pathways to human receptors through consumption of fish and molluscs by 
prohibiting access to Milners Creek and the southern drainage channel. Whilst this approach will not reduce exposure to the ecosystem, other options will either be 
associated with marginal relative risk reduction benefit to only some elements of the ecosystem (water treatment) or are likely to be associated with greater harm to the 
ecosystem (sediment treatment). 

Source Control – 
Soil/Sediment 
Management 

Excavation and treatment and/or disposal is 
technically possible and ranks above other 
source control measures comprising capping 
and on-base repository. However, there is no 
licensed off-site disposal option and 
soil/sediment treatment is only just emerging 
with limited vendor capability. 

The scale of this undertaking and the 
unacceptable disturbance to current and 
functional ecosystem and associated risks 
does not warrant such an approach.  
Capability likely to be affected if on-base 
repository constructed. 

Given the area of the 
southern drainage 
channel and Milners 
Creek and likely depth 
of impacts, financially 
this is considered too 
costly and is not a 
viable option. 

Given the destruction of the ecosystem 
required the overall initial impact would be 
negative. This option also has significant 
dependence on treatment of source areas at 
Robertson Barracks to minimise ongoing 
impacts to Milners Creek and the southern 
drainage channel from secondary sources. 
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Risk Area / 
Management Option 

Technical applicability Logistical, Defence and Stakeholder 
considerations 

Financial 
considerations 

Relative Risk Reduction Benefit 

Pathway Management 
– water

Treating impacted water within Milners Creek 
and the southern drainage channel is 
technically feasible using available water 
treatment technology. However, the 
presence of impacted sediment and the 
presence of ongoing impacted discharge 
from Robertson Barracks to these surface 
water features means it is not feasible to 
treat water once only in the southern 
drainage channel and Milners Creek. 

Access to the southern drainage channel and 
Milners Creek varies dependent on seasonal 
variations in rainfall and groundwater levels 
which reach the base of these surface water 
features in some areas. 
Unlikely to affect Defence capability. 
Likely to be acceptable to all stakeholders. 

Likely to be very costly 
capital and ongoing 
O&M expenditure 
(retreatment of waters 
once re-contaminated 
unless sediments 
managed). 

Treating the water within Milners Creek and the 
southern drainage channel would provide 
marginal relative risk reduction benefit without 
treating sediment within these surface water 
features or treating drainage lines and source 
areas within Robertson Barracks contributing to 
this risk.  

Exposure (receptor) 
Control 

Restriction of access to Milners Creek in the 
CTA and the southern drainage channel and 
signage to minimise unauthorised access is 
an applicable and proven approach to 
minimising human exposure by restricting an 
activity in a contaminated environment. 

Fencing of the CTA is being undertaken as 
part of the development works to facilitate use 
of this area for military training. The 
coincidental impact of this project is that 
access to Milners Creek for recreational 
fishing will be reduced. Unlikely to affect 
Defence capability. 
May not be acceptable to specific affected 
stakeholders. 

Insignificant direct 
costs. 

This option does not remove/isolate impacted 
media within this area, so no relative risk 
reduction benefit anticipated. The minimising of 
exposure via prohibited access would provide 
significant human exposure reduction benefits. 
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6.3 Integrated options analysis outcomes 

Based on the management options analysis and assessment, continued implementation of 
exposure/receptor controls are the preferred management options that are likely to provide the most 
significant environmental benefits to manage the potentially elevated exposure scenarios identified for 
Robertson Barracks. The evaluation of management options is further discussed below. 

Source control 

Source control, such as the removal or containment of PFAS impacted soil and sediment, is not 
considered appropriate given that concentrations of PFAS in soil and sediment are below relevant 
Tier 1 screening levels at Robertson Barracks with no unacceptable risk to human health or ecological 
receptors identified. The primary source of PFAS impacts (i.e. use of legacy AFFF) has been 
removed, however, PFAS impacted soil is an ongoing, secondary source of PFAS to shallow 
groundwater and surface water. The lateral and vertical extent of PFAS and the concentrations of 
PFAS reported in soil at Robertson Barracks do not comprise a significant total mass of PFAS that 
would alter the risks to human and ecological receptors in the future. As such, the net benefit of 
source control management measures and resultant risk reduction would be marginal. 

Pathway management 

The investigation identified that the main pathway for exposure to PFAS outside of Robertson 
Barracks is likely to be the surface water drainage network with shallow groundwater also acting as a 
potential pathway during the Wet season when groundwater levels reach the base of drainage lines 
and channels and/or the ground surface. The treatment of groundwater and surface water in drainage 
lines and surface water features is feasible, however as soil and sediment may act as an on-going 
source of PFAS impacts, this option is considered to provide marginal relative risk reduction benefit 
as a single management measure. 

Exposure/receptor control 

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

Concentrations of PFAS were identified above the HBGV for drinking water from within Robertson 
Barracks and to the south of the southern boundary. Although groundwater is not abstracted within 
Robertson Barracks and to the south in proximity to MW030, groundwater abstraction from the 
Bathurst Island Formation should be restricted both within the Barracks and the land to the north of 
the southern drainage channel. 

As part of the current development plans for the CTA, Defence proposes to upgrade existing fencing 
and install additional fencing and signage to restrict public access from an active military training area. 
These works are expected to commence in April 2019 with completion in December 2019. This 
project will coincidentally minimise exposure to PFAS within Milners Creek from consumption of 
recreationally caught fish and molluscs. 

These exposure/receptor controls are considered sufficient to manage the two identified potentially 
elevated exposure scenarios based on currently available data. These controls should be 
reconsidered based on the findings of the OMP should the risk profile of the Monitoring Area change. 
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

Based on the comparative analysis and the integrated analysis, the recommended response actions 
for the identified potentially elevated risks are set out below: 

• Discontinue use of legacy AFFF containing PFAS (3M Lightwater formulation) at the site
(Eliminate Primary Source) – Completed.

• Manage use of AFFF containing other PFAS (such as Ansulite formulation) for emergency
response (Engineering Controls) – Completed.

• OH&S measures for intrusive maintenance or construction workers to reduce potential
exposure (Administrative Controls) – this includes appropriate PPE which should be
documented in a HSEP for any intrusive works that may be required in source areas and
drainage lines within Robertson Barracks, Milners Creek and the southern drainage channel.
Whilst risks are assessed to be low and acceptable for intrusive maintenance workers,
pragmatic steps to minimise exposure in source areas would reduce potential exposure via all
pathways.

• Restriction on groundwater abstraction within Robertson Barracks, CTA and the southern
drainage channel (Administration Controls) – groundwater abstraction from the Bathurst
Island Formation is not currently being undertaken. Defence should continue to ensure that
no groundwater abstraction occurs within the Monitoring Area from the Bathurst Island
Formation apart from the existing groundwater abstraction bores at the MTR, CTA and SBRS
installed within the Wildman Siltstone Formation. The NT Government currently owns the land
to the south of Robertson Barracks where the southern drainage channel is located who
should be notified that groundwater abstraction should be restricted within the northern
portion of this tenure (southern drainage channel and to the immediate north).

• Implement ongoing monitoring plan (OMP) (Administration Controls) - to assess the
effectiveness of ceasing the use of AFFF. The monitoring works will provide trend data for
groundwater, surface water and sediment concentrations within the Monitoring Area to assess
trends in PFAS concentrations of PFAS including the effectiveness of ceasing the use of
AFFF and other management measures.

• Avoid accidental damage or destruction of groundwater monitoring wells included in the OMP,
particularly during construction work for the development of the CTA (Administration
Controls). Should monitoring wells be identified that may impact on proposed construction
works, this should be discussed with Defence prior to destruction of monitoring wells where
possible. Decommissioning of monitoring wells should be undertaken in accordance with the
National Uniform Driller Licensing Committee (NUDLC) (2012) Minimum Construction
Requirements for Water Bores and installation of additional groundwater monitoring wells
may be required as replacements.

• Continue to implement construction management procedures (Administration Controls).

• Reduce access to Milners Creek (Engineering Controls) –Initial design plans for perimeter
fencing around the CTA are currently being developed to facilitate the use of the CTA for
active military training. This will also have the benefit of reducing access to Milners Creek by
the public for recreational fishing.
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7.2 PMAP implementation 

7.2.1 PMAP implementation 

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

Priority for PFAS migration 
and human health 

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

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

Response actions 
underway 

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

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

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

within one or more Management Areas
• aligning Defence infrastructure and maintenance plans with a

recommended response action.

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

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

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

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

7.3 Review and update 

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

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

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

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

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

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

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

• any other new information that has the potential to positively or negatively impact the
objectives of the PMAP.

Any proposed changes to this PMAP will be communicated and discussed with the community and 
key stakeholders including Federal and State/Territory government agencies and the local Council. 
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TABLES 

Table 1: Source Area Summary 



Table 1 - Source Area Summary

PFAS Management Area Plan
Robertson Barracks
Department of Defence

Surface Water 
(PFOS+PFHxS)  

Sediment
(PFOS+PFHxS)  

Soil 
(PFOS+PFHxS) 

Shallow Groundwater 
(PFOS+PFHxS )

Deeper Groundwater 
(PFOS+PFHxS)

Source Location / Area
Approx. 

Spatial Area 
(m2)

Maximum 
concentration (ug/L)

Maximum 
concentration (mg/kg)

Maximum 
concentration (mg/kg)

Maximum 
concentration (ug/L)

Maximum 
concentration (ug/L)

Robertson Barracks
Source Area 1 and down gradient to 
eastern boundary 106,000 0.67 0.0319 0.0755 1.71 <LOR

Source Areas 2 and 3 and down 
gradient to southern boundary 218,000 0.09 0.0072 0.0139 0.42 <LOR

Surface water drains N/A 0.18 0.0101 N/A N/A N/A
Surface water features
Milners Creek 140,000 0.54 0.0072 0.008 <LOR 0.02
Southern Drainage Channel 36,000 0.45 0.0119 0.0076 0.14 N/A

Notes:
LOR = limit of reporting

N/A = Not applicable

Surface water drainage at Robertson Barracks outisde of above areas

Source Area Details

D13412_PMAP_Rev0
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FIGURES 

Figure 3: Monitoring Area  

Figure 4: Site Layout and Source Areas 

Figure 5: Conceptual Site Model 
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APPENDIX A: Regulatory and policy analysis 

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

This Appendix identifies relevant legislation, policy, guidance and standards applicable to the 
development and prioritisation of management options for the Monitoring 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 
Monitoring Area: 

Commonwealth legislation 

• Environment Protection and Biodiversity Conservation Act 1999 – Relevant to the 
consideration of Commonwealth environment and biodiversity conservation and must be 
considered, including the requirement for referrals in the development of any management 
measures involving disturbance works (including in RAMSAR listed wetlands). 

• National Environment Protection (Assessment of Site Contamination) Measure 1999, as 
amended in 2013. (NEPM 2013) – Guides the investigation and risk assessment process for 
potentially contaminated land 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

• Defence Environmental Policy 
• Defence Estate Strategy 2016-2036 
• Defence Environmental Strategy 2016-2036 
• Defence Construction and Maintenance Framework 2018 

Commonwealth whole-of-government policy, standards and guidance 

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

• PFAS National Environmental Management Plan 2018 (NEMP) 

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

Australia, FSANZ February 2017 
 

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

Currently there is limited Commonwealth legislation on the designation of waste disposal criteria. 
Whilst the PFAS NEMP indicates potential criteria to be adopted at the State/Territory level for a 
State/Territory based receiving site, there is no approved landfill disposal site in the NT that is 
licensed to receive PFAS impacted solids. 

The PFAS NEMP document outlines the preferred framework for PFAS management including 
containment, remediation, treatment and disposal. The document acknowledges that each site is 



PMAP – ROBERTSON BARRACKS 
 

 
 

  
  

  November 2018 

unique and any management response must consider site-specific conditions in determining the best 
approach to the management of PFAS. Overall the document presents the hierarchy of options for 
site clean-up, which is consistent with the policy intent of the NT waste management requirement 
(refer below), being any clean-up of land will reflect the order of preference set out in the waste 
hierarchy (i.e. treatment and reuse on–site is preferred to treatment and reuse off-site, while long-term 
containment off-site is least preferred). 

A2 State/Territory Legislation and Policy 

A2.1 Outline 

The following State legislation and policy is relevant to the risk management of the Monitoring Area:  
• Northern Territory Waste Management and Pollution Control Act (2016) – Is principally an Act 

to provide for the protection of the environment through encouragement of effective waste 
management and pollution prevention and control practices and for related purposes. 

• Northern Territory Waste Management and Pollution Control (Administration) Regulations 
(2014) – Supports the WMPC Act. 

• Northern Territory Water Act (2011) – This Act governs water resource regulation and 
management in the NT. The objective of the Act is to provide for the investigation, allocation, 
use, control, protection, management and administration of water resources, and for related 
purposes. 

• National Environment Protection Council (Northern Territory) Act (2004) – An Act to provide for 
the establishment of a National Environment Protection Council, and for related purposes. 

• Northern Territory Environment Protection Authority (NT EPA) (2017) Northern Territory 
Contaminated Land Guideline – this guideline was developed to detail the responsibilities and 
roles of parties involved in the assessment and remediation of contaminated land, assist in the 
identification of contaminated sites and ensure that investigation and remediation is undertaken 
to a level expected by the NT EPA. 

• NT EPA (2013) Guidelines for the Siting, Design and Management of Solid Waste Disposal 
Sites In the Northern Territory - provides a consistent and environmentally responsible 
approach to managing landfills in the Northern Territory.  This guide should be used for the 
planning of environmental approvals and licensing for new landfill sites and expansion of 
existing landfill sites and in some cases also applies to existing landfill sites. 

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

Key constraints in NT for off-site options to manage PFAS impacted solids and liquids is the lack of 
guidance on disposal criteria or the provision of licensed solid waste treatment options.  

In general terms, if contaminated material is a ‘listed waste’ (as defined under Waste Management 
and Pollution Control Regulations), then the material can only be transported off-site by a 
person/company who holds an environment protection licence issued by the NT EPA to transport 
listed waste, and accepted by a person/company who holds an environment protection licence issued 
by the NT EPA to dispose or treat listed waste. Documentation of the volumes taken off site, the 
nature of the materials, licences (such as environment protection licences) and acceptance receipts 
from the receiving facility should be included.  However, currently PFAS impacted wastes are not 
specifically included as part considered in waste codes covered in the Waste Management and 
Pollution Control Regulations and the Controlled Waste Consignment Authorisation (CWCA) Form.   
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A PFAS interagency working group (PFASIWG) was established in April 2016 to implement a co-
ordinated approach to the investigation and response to potential environmental and health issues 
related to PFAS. Membership comprises representatives from NT government agencies including the 
NT Department of Health (DoH); NT Department of Primary Industry and Resources; Northern 
Territory Environment Protection Authority (NT EPA); Darwin International Airport; and the 
Commonwealth Departments of Defence and Infrastructure and AirServices Australia. 

The PFASIWG developed and coordinates implementation of the Northern Territory PFAS Legacy 
Site Investigation Strategy. This strategy guides an expanded investigation into the presence of PFAS 
in water and soils at locations where they may have been used in large quantities in the NT, including 
airports, firefighting training facilities and some industrial sites. 
https://ntepa.nt.gov.au/__data/assets/pdf_file/0005/372146/nt_pfas_investigation.pdf 

The Northern Territory PFAS Legacy Site Investigation (NT PFASIWG, 2016) notes that NT specific 
guidance on assessment and/or remediation of PFAS contaminated land and groundwater criteria 
currently being developed and that management plans could include the following: 

• Management criteria  

• Notices and regulatory action  

• Substitution of lower risk alternatives to reduce potential harm to the environment and human 
health  

• Amendments to relevant statutory approvals (e.g. Environment Protection Licences issued by 
the NT EPA) if warranted  

• Appropriate processes to treat (immobilise) the waste prior to disposal   

• Waste management measures to ensure that remaining PFAS stocks or waste containing 
PFAS are disposed of in accordance with national and international requirements  

• Reviewed and/or updated waste regulatory criteria for PFAS 

• Implementation of treatment technologies for PFAS wastes, contaminated soils, groundwater 
and sediments 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

Any option to manage PFAS impacted solids in an off-site facility (treatment or disposal) requires an 
environment protection approval and licence.  This also includes development approval through a 
Development Consent Permit which is issued by the Development Consent Authority under the 
provisions of the Planning Act. 

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

Currently there are no licensed PFAS impacted solid waste treaters or disposal sites in NT. This 
presents significant limitations to the consideration of off-site options for managing PFAS impacted 
solids. 

https://ntepa.nt.gov.au/__data/assets/pdf_file/0005/372146/nt_pfas_investigation.pdf
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APPENDIX B: Interim response management analysis 

No Interim Response Management (IRM) actions were identified for Robertson Barracks. 
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APPENDIX C Source – pathway – receptor analysis 

This Appendix sets out the current status of the source – pathway – receptor analysis completed 
following the HHERA with the CSM diagram provided as Figure 5 in Figures. 



Appendix C: CSM refined following the HHERA showing current pathways associated with potentially elevated risks 
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Soil  

 

Inhalation - dust and airborne particulates            NA NA NA NA NA NA 
Incidental ingestion            NA NA NA NA NA NA 

Dermal contact             NA NA NA NA NA NA 
Direct contact / uptake NA NA NA NA NA NA NA NA   NA   NA 

Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA   NA   NA 
                            
Groundwater – Shallow (upper portion of 
Bathurst Island Formation) 

Ingestion (potable use)    NA NA  NA NA NA NA NA NA 
Incidental Ingestion (during non-potable use)      NA  NA NA NA NA NA NA 
Dermal Contact (potable or non-potable use) NA NA NA   NA  NA NA NA NA NA NA 

Direct contact / uptake NA NA NA NA NA NA NA NA   NA   NA 
Groundwater use for irrigation and stock watering, 

and subsequent uptake into produce for human 
consumption 

NA NA NA NA NA NA NA NA NA NA NA NA 

              

 

Groundwater - Shallow (lower portion of 
Bathurst Island Formation) 

Ingestion (potable and other uses)           
  
  

  NA NA NA NA NA NA 

Dermal contact (potable and other uses)           
  
  

  NA NA NA NA NA NA 

Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA NA 
              
Surface Water - Open drainage lines within 
Robertson Barracks 

Incidental ingestion   NA     NA 
  
  

  NA NA NA NA NA NA 

Dermal contact    NA     NA 
  
  

  NA NA NA NA NA NA 

Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA NA 
Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA NA NA NA NA 

              
Surface Water – Milners Creek Incidental ingestion NA NA NA NA NA NA   NA NA NA NA NA 

Dermal contact NA NA NA NA NA NA   NA NA NA NA NA 
Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA   
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Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA NA NA NA   
              
Surface Water – Southern Drainage Channel Incidental ingestion NA NA NA NA NA NA   NA NA NA NA NA 

Dermal contact  NA NA NA NA NA NA   NA NA NA NA NA 
Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA   

Bioaccumulation / Secondary poisoning NA NA NA NA NA NA NA NA NA NA NA   
              
Sediment - Open drainage lines within 
Robertson Barracks 

Incidental ingestion   NA     NA 
  
  

  NA NA NA NA NA NA 

Dermal contact    NA     NA 
  
  

  NA NA NA NA NA NA 

Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA NA 
Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA NA NA NA NA 

                            
Sediment – Milners Creek Incidental ingestion NA NA NA NA NA NA   NA NA NA NA NA 

Dermal contact  NA NA NA NA NA NA   NA NA NA NA NA 
Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA NA 

Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA NA NA NA NA 
               
Sediment – Southern Drainage Channel Incidental ingestion NA NA NA NA NA NA   NA NA NA NA NA 

Dermal contact  NA NA NA NA NA NA   NA NA NA NA NA 
Direct contact / uptake NA NA NA NA NA NA NA NA NA NA NA NA 

Bioaccumulation / secondary poisoning NA NA NA NA NA NA NA NA NA NA NA NA 
              
Fish and molluscs caught from Milners Creek 
and southern drainage channel 

Ingestion NA NA NA NA NA NA NA  NA NA NA NA 

 
Legend: 
NA Not applicable; pathway is not relevant and/or complete for this receptor. 

         

Low and acceptable risk Pathway is potentially complete, however, risks are assessed to be low and acceptable (either at Tier 1, or in the HHERA) 
Potentially elevated risk Pathway is potentially complete.  Risks assessed to be potentially elevated in the HHERA. 
Potentially elevated risk but currently inactive These pathways are not currently active and have not been currently assessed in detail in the HHERA.  Either management controls are 

required to limit these potentially feasible uses in the future, or further assessment would be required to assess potential risks.                
 



PMAP – ROBERTSON BARRACKS 
 

 

November 2018 

APPENDIX D Options analysis criteria 

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

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

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

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

Category 1 PWC approval required 
above $15 million.6 

>  $13,000,000 

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

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

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

Category 4 Community level actions7 < $500,000 

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

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

2 Effectiveness 
rating 

Assign an effectiveness rating in accordance with the following criteria: 

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

High with 
supplementary 
option 

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

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

Medium with 
supplementary 
option 

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

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

 

                                                      

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

Designate an indicative timeframe for implementation: 

Primary implementation period 

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

Extended implementation period 

− Long term: beyond 3 years. 

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

4 Potential 
impacts 

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

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

5 Estimated net 
environmental 
benefit 

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

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

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

Risk-based analysis 

6 Proportion of 
action to risk 

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

7 Best-practice 
status 

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

8 Verification 
status 

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

9 Technology 
assessment 

Where an option involves a remediation technology: 
− infrastructure and energy requirements 
− ability to construct and operating technology 
− reliability of technology 
− ability to monitor effectiveness 
− ability to obtain any necessary approvals 
− availability of services and materials 
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10 Risks and 
mitigation 

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

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

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

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

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

11 Key 
Dependencies 

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

Defence implications 

12 Defence 
capability 

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

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

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

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

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

16 Owner / 
occupier 
consents and 
views 

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

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

 

                                                      

 
8 Secondary risks are risks that emerge from implementation of a risk management response 
9 Residual risks comprise that component of the identified risk that is not addressed by the option. 
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APPENDIX E Options listing 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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Table E1-A: Screening of Potential PFAS Treatment/Management Options – Solids (Soil/Sediment)1 

Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

In-Situ 
Treatment 

       

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

Not applicable to PFAS. - - - - - No 

Chemical 
Oxidation or 
Reduction 

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

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

Chemical injection 
is commonly 
conducted in-situ in 
Australia (last 10 
years). 
 
Significant chemical 
volumes and 
multiple 
applications would 
be required.  

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

12 to 24 months 
for application 

- - No 

                                                           
1 Technology sources obtained from ITRC Publication Remediation Technologies and Methods for Per- and Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, 
Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html).  

https://frtr.gov/matrix2/top_page.html
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

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, 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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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Adsorption -  
In-situ 
Stabilisation/ 
Immobilisation 

Contaminants are physically bound or 
enclosed within a stabilised mass 
(solidification), or chemical reactions are 
induced between the stabilising agent 
and contaminants to reduce their mobility 
(stabilisation).   
 
Potential additives (stabilisation/binding) 
include carbon, RemBind or MatCARE. 
 
Cement solidification not applicable due 
to PFAS leachability under alkaline 
conditions. 

Full scale in situ 
application has not 
been identified in 
Australia.  
 
Solidification is not 
applicable to PFAS. 

Chemical injection 
and soil mixing is 
commonly 
conducted in-situ in 
Australia (last 10 
years). 
 
Full scale in situ 
application has not 
been identified in 
Australia. Can 
require up to 25% 
v/v amendment 
addition to achieve 
stabilisation. 
 
Implementation 
would not be 
practicable given 
the wide lateral 
distribution and 
difficulty in 
achieving even 
distribution within 
materials. 

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

- - Affects asset 
access. 

No 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Ex-Situ 
Treatment 

        

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. 
 
There are no current 
disposal facilities in NT 
available - EPA has not 
categorised PFAS soil 
for off-site disposal. 
   
Potentially the 
opportunity to transport 
the material interstate to 
Queensland for 
destruction.  

No landfills licensed 
to receive PFAS 
impacted soils in 
NT. 

High  
(Largely due to 
disposal costs and 
transport)  

6+ months to 
complete works 
should landfill 
option become 
available in NT. 

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 and 
have undue risk of 
accidental spill/leak during 
transport. 

Disruptive to 
operations in 
localised areas 
and access roads 

Yes – landfill 
disposal for PFAS 
impacted soils in 
NT may become 
available. 

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 and contaminant 
desorption from the soils.  Can be done 
through either open land-farming or in 
engineered ‘bio-piles’. 

Not applicable for PFAS - -  - - - No 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Adsorption - 
Solidification/ 
Stabilisation/ 
Immobilisation 

Materials are excavated and treated at 
an on-site or off-site facility. 
Dewatering/drying of excavated 
materials may be required prior to 
treatment. 
 
Additives are added to excavated soils in 
a mixing plant. Contaminants are 
physically bound or enclosed within a 
stabilised mass (solidification), or 
chemical reactions are induced between 
the stabilising agent and contaminants to 
reduce their mobility (stabilisation).   
 
A combination of soil mixing with 
selective additives (stabilisation/binding) 
has been applied to PFAS impacted 
soils/sediments on a relatively small 
scale successfully in Australia. Potential 
additives (stabilisation/binding) include 
activated carbon, modified clay or 
combined clay and activated carbon (e.g. 
RemBind or MatCARE). 
 
Cement stabilisation not applicable due 
to PFAS leachability under alkaline 
conditions. 
 
Treated materials would be reused at 
site. However, the potential for very low 
levels of leachability mean siting and 
cover of the material must still be 
considered. 

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

Moderate  12+ months.  
 
Validation of 
stabilisation may 
take 6 months. 

Treatment and reuse of 
contaminated soil is 
considered high on the 
PFAS NEMP waste 
hierarchy. 
 
Significant chemical use 
would be required. 

Disruption to 
operations in 
localised areas 
and access roads. 

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



Appendix E: Treatment and Management Technology Screening 

Page 6 of 14 

 

Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

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 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.  

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

Applicable. 
 
Soil mixing 
requirements 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 PFAS 
NEMP waste hierarchy. 
 
Significant chemical use 
would be required. 

Some disruption 
to operations 

No 

Soil Washing / 
Chemical 
Extraction 

Materials are excavated and treated at 
an on-site or off-site facility. 
 
Contaminants sorbed onto soil particles 
are separated from the soil in an 
aqueous based system.  The wash water 
may be augmented with a basic leaching 
agent, surfactant, pH adjustment or 
chelating agent to help remove both 
organics and metals.  
 
PFAS compounds are soluble and have 
low soil partitioning coefficients, are 
potentially amenable to this approach. 
However, low level concentrations in 
leachate are expected to be persistent, 
requiring significant treatment effort to 
achieve management goals. 

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 waste 
hierarchy. 

Significant 
disruption to 
operations 

No 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

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

Materials are excavated and treated at 
an on-site or off-site facility. Dewatering 
of excavated materials may be required 
prior to treatment. 
 
Wastes are heated to 93oC to 315oC to 
volatilise water and organic 
contaminants.  A carrier gas or vacuum 
system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing.  

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

- - - - - No 

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

Materials are excavated and treated at 
an on-site or off-site facility. Dewatering 
of excavated materials may be required 
prior to treatment. 
 
Wastes are heated to 315oC to 538oC to 
volatilise water and organic 
contaminants.  A carrier gas or vacuum 
system transports volatilised water and 
organics to the gas treatment system for 
scrubbing/polishing. 

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

- - - - - No 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

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 oxides and 
fluorinated dioxins and furans. 

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 

Yes 

Other         

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 
 
This approach has been 
used across Australia.  
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 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. 

Depending upon 
source area, low 
to some disruption 
to operations 

Yes 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness), 
Technology status 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

On-site 
containment in 
an engineered 
facility 

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

Applicable 
 
This approach has been 
used in Australian 
waste management, 
including PFAS.  In-situ 
management is 
acceptable where 
conducted in an 
environmental audit and 
risks are demonstrated 
to be low and 
acceptable. 

Applicable Low to moderate Depends on 
project staging 
and auditor. 

On-site containment is 
lower on PFAS NEMP 
waste hierarchy as the 
process involves 
construction of an 
engineered facility. 
However, this avoids 
transport of materials off-
site so is therefore 
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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Table E1-B: Screening of Potential PFAS Treatment/Management Options – Waters (Surface Water and Groundwater)2 

Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness) 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

In-Situ 
Treatment 

        

Bioremediation As described in Table 1 (1A) 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 PFAS 
NEMP 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 in Table 1 (1A) for in situ 
thermal treatment of soil/sediments. 

Not applicable to 
PFAS. 

- - - - - No 

                                                           
2 Technology sources obtained from ITRC Publication Remediation Technologies and Methods for Per- and Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, 
Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 

https://frtr.gov/matrix2/top_page.html
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness) 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Monitored 
Natural 
Attenuation 

A variety of physical, chemical, or 
biological processes that, under 
favourable conditions, act without human 
intervention to reduce the mass, toxicity, 
mobility, volume, or concentration of 
contaminants in soil or groundwater.  
 
This typically is only applicable if the 
primary source has been controlled, and 
risks are demonstrated to be, or can be 
controlled to be, low and acceptable. 

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

- - - - - No 

Permeable 
Reactive 
Barriers 

A permeable reactive barrier (PRB) is 
installed across the flow path of the 
groundwater contaminant plume, 
allowing the plume to passively pass 
through the wall, but the reactive media 
either sorbs, degrades or transforms 
contaminants. Common reactive media 
include zero valent iron, natural zeolites 
and organic substrates. 
Recent research has assessed use of 
PRBs to promote effective enzyme-
catalysed humification reactions to treat 
PFAS. 
 
PRBs can either be configured as a 
continuous wall to intersect the plume, or 
as a funnel-and-gate system with low 
permeability walls that direct 
groundwater flow 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 waste 
hierarchy. 

Depending upon 
source area, low 
to significant 
disruption to 
operations 

Yes, but only as 
part of an overall 
management 
alternative 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness) 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Ex-Situ 
Treatment 

        

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 PFAS 
NEMP hierarchy when used 
in isolation but can be a 
component of overall site 
strategy 

Low to some 
disruption to 
operations 

Yes, but only as 
part of an overall 
management 
alternative.  

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 Table 1 (E1A)). 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 PFAS 
NEMP waste hierarchy.  

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

Yes, but only as 
part of an overall 
management 
alternative. 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness) 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Extracted 
groundwater 
treatment  

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

and co-contaminants. This may 
include sand filtration, flocculation, 
sorption.  

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

 
The most common PFAS treatment is 
sorption using granular activated carbon 
(GAC) and/or ultrafiltration (e.g. reverse 
osmosis). Other media sorptive media 
include modified clays (e.g. sand 
MatCARE). Ion exchange resins have 
also been utilised in a treatment train 
approach. Emerging technologies being 
studied include sonochemical treatment, 
photochemical oxidation and thermally-
induced reduction. 
 
Treated water could be managed via 
reinjection or discharge. 
 
Waste media must be treated (e.g. 
incineration) to destroy PFAS, or 
disposed of at landfill. 

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

Applicable 
 
A pilot trial and 
treatment train 
approach may be 
required depending 
on water quality and 
co-contaminants. 
 
A method to 
manage waste 
media is required 
(see Table 1 (E1A) 
options for disposal, 
on site containment 
or in situ 
management) 

Moderate 
 

See for above 
options 

See for above options Little disruption to 
operations 

See for above 
options 
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Technology Description Technical 
applicability and 
risk reduction 
analysis 
(effectiveness) 

Logistics 
(wastes 
generated, 
power 
requirements, 
access, etc) 

Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental values 

Defence 
Implications 

Retained for 
further 
evaluation? 

Other         

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 PFAS 
NEMP 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 
disruption to 
operations 

No 
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Table E2: Management Options Listing – Conceptual Description and Identifying Information 

Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

1. Excavation and 
off-site disposal 
(landfill) 
 
– source 
management 

Excavation of impacted fill and 
natural soils and sediments in 
secondary sources such as drainage 
lines to the extent practicable, and 
off-site disposal (at facility licensed to 
receive the waste).  
 
All impacted materials would require 
excavation and removal from site. 
However, there is the potential that 
some materials containing residual 
low level contamination may remain 
(whether identified materials that are 
not practicable to excavate or 
unidentified impacts). Ongoing 
management or cover of these 
materials may be required. 
 
It is noted there is currently no 
disposal facility licensed to receive 
PFAS impacted waste in NT. 

To remove impacted materials at the 
site that have the potential to 
represent unacceptable risks to 
offsite receptors via surface water 
exposure pathways.  
 
The impacted materials include 
impacted shallow fill and natural 
materials and sediments of surface 
water drainage lines. 
 

1. Planning and approvals, this would include identification of a facility licensed to receive the waste and 
establishing the waste category. 

2. Site establishment, including required occupational health and safety, and environmental controls, is required 
prior to dewatering and excavation works. 

3. For some source areas, demolition of infrastructure (e.g. buildings and structures overlying impacted soils, 
concrete drainage line infrastructure). Excavation may not be practicable for critical infrastructure (e.g. current 
fire station within airside area).  

4. Drainage/dewatering of materials to be excavated. This would include control of surface runoff and 
evapotranspiration, and/or conventional dewatering via extraction from spearpoints/trenches prior to excavation. 
Extracted water would require capture and treatment at a temporary water treatment plant.  

5. Excavation and consolidation of impacted materials.  
6. Drying of sediments and other materials that are not ‘spadeable’ or in a physical condition not suitable for 

disposal. This may include drying pads, mechanical means or amendments. 
7. Transport to a facility licensed to receive the waste materials and disposal.   
8. Remediation validation. 
9. Reinstatement of excavations. This may require importation of clean materials or site regrading. 
10. Rebuilding/reinstatement of buildings and structures.  
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

2. Excavation and 
off site pyrolysis 
(thermal 
destruction) 
 
– source 
management 

Excavation of impacted fill and 
natural soils and sediments in 
secondary sources such as drainage 
lines to the extent practicable, and 
transport to thermal destruction at an 
off-site facility (if available).  
 
All impacted materials would require 
excavation and removal from site. 
However, there is the potential that 
some materials containing residual 
low level contamination may remain 
(whether identified materials that are 
not practicable to excavate or 
unidentified impacts). Ongoing 
management or cover of these 
materials may be required. 
 
It is noted there is currently no 
suitable thermal treatment facility 
licensed to receive PFAS impacted 
waste in NT. However, there may be 
the opportunity to transport material 
interstate for destruction in 
Queensland. 

To remove impacted materials at the 
site that have the potential to 
represent unacceptable risks to 
offsite receptors via surface water 
exposure pathways.  
 
The impacted materials include 
impacted shallow fill and natural 
materials and sediments of surface 
water drainage lines. 

1. Planning and approvals. 
2. Identification of a facility licensed to receive the waste. 
3. Site establishment, including required occupational health and safety, and environmental controls, is required 

prior to dewatering/excavation works. 
4. For some source areas, demolition of infrastructure (e.g. buildings and structures overlying impacted soils, 

concrete drainage line infrastructure). Excavation may not be practicable for critical infrastructure (e.g. current 
fire station within airside area). 

5. Drainage/dewatering of materials to be excavated. This would include control of surface runoff and 
evapotranspiration, and/or conventional dewatering via extraction from spearpoints/trenches prior to excavation. 
Extracted water would require capture and treatment at a temporary water treatment plant. 

6. Excavation and consolidation of impacted materials.  
7. Drying of sediments and other materials that are not ‘spadeable’ or in a physical condition not suitable for 

transport. This may include drying pads, mechanical means or amendments. 
8. Transport to the off-site thermal treatment facility licensed to receive the waste materials.   
9. Remediation validation. 
10. Reinstatement of excavations. This may require importation of clean materials, validated treated materials, or 

site regrading. 
11. Rebuilding/reinstatement of buildings and structures. 
 
As a suitable off site facility in NT is not yet available, if an on-site facility is required then additional components 
include: 
12. Additional planning and approvals. 
13. Procurement and installation of a temporary thermal treatment plant. 
14. Commissioning and proof of performance. 
15. On-site thermal treatment of pre-treated impacted materials. 
16. Compliance monitoring. 
17. On-site reuse of treated and validated materials.  
18. Plant decommissioning. 
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

3. Adsorption – 
Excavation and 
Stabilisation/ 
Immobilisation 
 
– source 
management 

Excavation of impacted fill and 
natural soils and sediments in 
secondary sources such as drainage 
lines to the extent practicable and 
treated at an on-site facility. 
Dewatering/drying of excavated 
materials may be required prior to 
treatment. 
 
For complete site treatment, all 
impacted materials would require in-
situ mixing or excavation treatment 
at the site.  Otherwise, spot 
treatment of the more significant 
source areas would be prioritised. 
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).   
 
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. There is the potential 
that some materials containing 
residual low level contamination may 
remain (whether identified materials 
that are not practicable to excavate 
or unidentified impacts). Ongoing 
management or cover of these 
materials may be required. 

To treat impacted materials at the 
site that have the potential to 
represent unacceptable risks to 
offsite receptors via surface water 
exposure pathways, and to a lesser 
extent groundwater.  
 
The impacted materials include 
impacted shallow fill and natural 
materials and sediments of surface 
water drainage lines. 
 
 
 

1. Planning and approvals to treat on-site. 
2. Site establishment, including required occupational health and safety, and environmental controls, is required 

prior to dewatering and excavation works. 
3. For some source areas, demolition of infrastructure (e.g. buildings and structures overlying impacted soils, 

concrete drainage line infrastructure). Excavation may not be practicable for critical infrastructure (e.g. current 
fire station within airside area).  

4. Drainage/dewatering of materials to be excavated. This would include control of surface runoff and 
evapotranspiration, and/or conventional dewatering via extraction from spearpoints/trenches prior to excavation. 
Extracted water would require capture and treatment at a temporary water treatment plant.  

5. Excavation and pug mill or equivalent mixing of impacted materials with suitable amendment at specified ratio. 
Drying of sediments and other materials that are not ‘spadeable’ or in a physical condition not suitable for 
mixing. This may include drying pads, mechanical means or amendments. 

6. Validation of treatment success on a batch basis and staged reinstatement of excavations. Where amendment 
ratio increases reinstatement volume, then establish suitable stockpile locations.  

7. Rebuilding/reinstatement of buildings and structures. 
8. Ongoing monitoring of treatment effectiveness through surface water and groundwater monitoring program. 
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

4. In-situ 
management via 
low permeability 
cover and 
drainage controls 
 
– source 
management 

In-situ management of impacted 
materials to minimise infiltration and 
seepage/drainage to adjacent 
surface water bodies to the extent 
practicable. This would be achieved 
via discreet excavations to 
consolidate some materials and the 
construction of a low permeability 
cover and contingency drainage 
controls in an identified area for in-
situ soil management and can be 
managed into the future if required 
(i.e preferably not an operational 
area that would require an ongoing 
management plan). Assumes no 
basal lining (see option 5 below).  
 
Consolidation of impacted materials 
from other ‘hot spots’ and relocation 
within the identified in-situ 
management area would be required 
to achieve surface drainage grading. 

To remove or manage impacted 
materials at the site that have the 
potential to represent unacceptable 
risks to offsite receptors via surface 
water exposure pathways, and to a 
lesser extent groundwater. This is 
achieved by providing physical 
separation between impacted 
materials and surface water runoff, 
and minimisation of mobilisation via 
seepage from impacted materials to 
the surrounding environment (e.g. 
seepage to underlying groundwater).  
 
The impacted materials may include 
impacted waste burial areas, 
impacted fill and natural materials in 
source areas and drainage line 
sediments. 

1. Site planning and approvals. 
2. Site establishment, including required occupational health and safety, and environmental controls, is required 

prior to dewatering/excavation works. 
3. For some source areas, removal of infrastructure may be required (e.g. drainage line infrastructure). 
4. Preparation of the in-situ management soil area to establish suitable surface drainage grading.  
5. Consolidate identified impacted soil and sediment from other ‘hot spots’ and relocation to within the in-situ 

management soil area. 
6. Drying of sediments and other materials that are not ‘spadeable’ or in a physical condition not suitable for 

capping. This may include drying pads, mechanical means or amendments. 
7. Construction of the in-situ management soil area. This would comprise: 

a. Retention of dewatering trenches/drains as a contingency to capture seepage from infiltration (if any). 
A temporary water treatment plant or off-site tankering of seepage infiltration would be required to 
treat captured seepage water (if any). 

b. Low permeability cover. The cover would comprise a cap that reduces infiltration and surface water 
run off to the extent practicable. This would require a seepage infiltration review to determine the most 
suitable cover profile (e.g. clay cap or a Geosynthetic Clay Liner (GCL) overlain by geomembrane, 
overlain by subsoil and topsoil layers). Grading would be sufficient to minimise infiltration and 
encourage surface water runoff. 

8. Construction quality assurance and remediation validation. 
9. Implementation of an ongoing environment management plan would be necessary. 

5. Excavation and 
on-site 
containment in an 
engineered facility 
 
– source 
management 

Excavation of impacted fill and 
natural soils and sediments in 
secondary sources such as drainage 
lines to the extent practicable,  
And consolidation within an on-site 
engineered repository.  
 
Dewatering/drying of excavated 
materials may be required prior to 
treatment. 
 
The engineered repository would 
comprise a low permeability cap, 
double liner and drainage controls. 

To remove or manage impacted 
materials at the site that have the 
potential to represent unacceptable 
risks to offsite receptors via surface 
water exposure pathways. This is 
achieved by providing physical 
separation between impacted 
materials and surface water runoff, 
and minimisation of mobilisation via 
seepage from impacted materials to 
the surrounding environment (e.g. 
seepage to underlying groundwater).  
 
The impacted materials include 
impacted waste burial areas, 
impacted fill and natural materials in 
source areas and drainage line 
sediments. 
 

1. Planning and approvals. 
2. Site establishment, including required occupational health and safety, and environmental controls, is required 

prior to dewatering/excavation works. 
3. For some source areas, removal of infrastructure (e.g. drainage line infrastructure). 
4. Dewatering of materials to be excavated. Extracted water would require capture and treatment at a temporary 

water treatment plant.  
5. Preparation of the engineered facility lining. This would include drainage controls and a double liner to minimise 

potential for seepage to infiltrate the underlying formation. Captured seepage would require collection and 
disposal or treatment at on on-site water treatment plant (where sufficient volumes generated). 

6. Excavation and consolidation of impacted materials.  
7. Drying of sediments and other materials that are not ‘spadeable’ or in a physical condition not suitable for 

treatment. This may include drying pads, mechanical means or amendments.  
8. Construction of the engineered repository basal lining and cover system. The cover would comprise materials 

that reduce infiltration to the extent practicable. This is considered to comprise a Geosynthetic Clay Liner (GCL) 
overlain by geomembrane (basal liner and cap systems), overlain by subsoil and topsoil layers. Grading would 
be sufficient to minimise infiltration and encourage surface water runoff. 

9. Construction quality assurance and remediation validation. 
10. Implementation of an ongoing environment management plan would be necessary. 
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

6. Surface water 
capture and 
treatment 
 
- pathway 
management 

Side cast or block first flush 
stormwater from site-wide drainage 
or specific areas to a surface water 
detention basin to capture and 
minimise discharge outside of 
Robertson Barracks and allow 
enhanced evaporation and/or water 
treatment (variable water treatment 
technology available). This is 
achieved by directing first flush from 
the drains to an evaporation pond.  
 
Subsequent and baseline surface 
water flow be allowed to discharge 
off-site (no capture or treatment).  
 
Would require hydraulic diversion 
gate and engineered first flush 
capture system. Evaporation basin 
would require engineered lining to 
reduce seepage from impacted 
materials to the surrounding 
environment (e.g. seepage to 
underlying shallow groundwater). 

To capture impacted ‘first flush’ 
stormwater from the site that has the 
potential to represent potentially 
unacceptable risks to aquatic 
receptors via surface water exposure 
pathways.  

1. Planning and approvals. 
2. Surface water hydraulics study to determine volumetric first flush capture and land area requirements.  
3. Consider need to reduce operational or lease areas, to meet storage needs. 
4. Site establishment, including required occupational health and safety, and environmental controls, is required 

prior to excavation works. 
5. Preparation of the engineered diversion/blocking channel and side cast evaporation pond. This would include 

basal clay liner to ensure limited infiltration. Captured surface water would require evaporation or treatment at 
on on-site water treatment plant. Periodic evaporation pond scraping and removal of concentrated sediments 
and reinstatement of pond thickness reductions as a result of scraping. 

6. Construction quality assurance and remediation validation. 
7. Implementation of an ongoing environment management plan would be necessary. 

 
 

7. Shallow 
Groundwater 
Capture – 
dewatering as part 
of excavation and 
dewatering, or 
hydraulic 
containment 
Pump & treat 
(various 
treatment) 
 
– pathway 
management 

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.  
 
Alternatively, groundwater migration 
pathway can be intercepted by 
hydraulic containment via transect(s) 
of extraction bores across the 
groundwater flow path. Impacted 
water is removed and treated and 
groundwater is reinjected into the 
aquifer or discharge to surface 
waters (with consideration of 
salinity). 
 
Excavated soil (where bulk 
excavation and dewatering) would be 
subject to options above. 

To limit groundwater flow and 
contaminant transport that has the 
potential to represent unacceptable 
risks to offsite receptors via 
groundwater flow in areas adjacent 
and immediately downgradient of 
source (‘hot spot’) areas. 
 
This effectively reduces migration 
and provides separation between 
impacted groundwater and the 
receiving environment (either a 
groundwater user or surface water 
discharge). 
 
 

1. Site planning and approvals. 
2. Site establishment, including required occupational health and safety, and environmental controls, prior to 

setting up groundwater extraction arrays. 
3. Install groundwater extraction array(s) and groundwater reinjection array(s).  
4. Set up groundwater treatment system infrastructure and piping system to and from extraction arrays.  
5. Implementation of an ongoing environment management plan would be necessary to monitor treatment plant 

and capture performance. 
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

8. Shallow 
groundwater 
interception - PRB 
 
– pathway 
management 

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. Reactive 
media variable. 
 
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’. 
 
It is noted that no full scale PRB for 
PFAS application has been identified 
in Australia. 

To passively intercept impacted 
groundwater that has the potential to 
represent unacceptable risks to 
offsite receptors via groundwater 
flow in areas adjacent and 
immediately downgradient of source 
(‘hot spot’) areas.  
 
This effectively reduces migration 
and provides separation between 
impacted groundwater and the 
receiving environment (either a 
groundwater user or surface water 
discharge). 

1. Site planning and approvals. 
2. Site establishment, including required occupational health and safety, and environmental controls, prior to 

setting up PRB trench. 
3. For some source areas, removal of infrastructure (e.g. drainage line infrastructure) to allow access to install 

trench to be backfilled with treatment media. Excavation may not be practicable for critical infrastructure. 
4. Excavate trench and manage spoil as per soil options above. Reinstate excavation with treatment media and 

cover system to reduce local infiltration in the vicinity of the trench.  
5. Establish monitoring network to monitor PRB performance and to determine frequency of 

replacement/replenishment of treatment media. 
6. Implementation of an ongoing environment management plan would be necessary. 

9. Drainage 
Improvement 
 
– pathway 
management 

Site drainage infrastructure 
improvements comprising removing 
impacted sediments within drainage 
lines, jet cleaning closed drainage 
network, expanding closed concrete 
drainage network or lining unlined 
drains. 

To limit ongoing secondary source 
within drainage line sediments and to 
reduce groundwater/surface water 
interactions between impacted 
sediment or groundwater and the 
receiving environment (surface water 
discharge).  

1. Site planning and approvals. 
2. Surface water hydraulics study to determine drainage volumetric requirements. 
3. Site establishment, including required occupational health and safety, and environmental controls, prior to 

opening up drainage network for works. Likely to require staging to ensure storm and drainage flow events can 
be managed whilst the works are underway. 

4. For some source areas, demolition of infrastructure (e.g. buildings and structures overlying impacted soils, 
concrete drainage line infrastructure) to allow access to install new drainage network. Excavation may not be 
practicable for critical infrastructure. 

5. Excavate impacted drainage line sediments and manage spoil as per soil options above.  
6. Complete drainage improvement works.  
7. Establish on-site and off-site discharge monitoring network to monitor environmental improvement. 

10. Engineering 
Control 
 
– receptor 
management 

Engineering control(s) to limit or 
prevent people’s exposure to 
affected media i.e. consumption of 
affected aquatic animals such as fish 
and molluscs.  
  

To limit/remove receptor exposure 
pathway by prohibiting access to 
areas where recreational fishing may 
occur. This would include fencing as 
a physical barrier to minimise 
unauthorised access with signage 
and patrols to identified areas where 
potentially complete exposure 
pathways have been identified.  
 
 

1. Establish restriction area(s).  
2. Construction of perimeter fencing and erection of signage to minimise the potential for unauthorised access. 

Security patrols may also be utilised to prevent unauthorised access and vandalism.  
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Option ID  
and Title 

Description Objective and Contribution to 
Risk Reduction 

Main Components and Supplementary Requirements 

11. Administrative 
Control 
 
– receptor 
management 

Administrative control(s) to limit or 
prevent people’s exposure to 
affected media (e.g. use of shallow 
groundwater) or consumption of 
affected aquatic animals (e.g. fish 
and molluscs).  
  

To limit/remove receptor exposure 
pathway by restricting use of a 
segment of the environment. Usually 
involves providing a combination of 
general user signage, access 
restrictions, and advice to specific 
stakeholders to limit use of an area.  
 
 

1. Establish restriction area(s).  
2. Liaise with State Government to provide information necessary to allow Government to develop implementation 

program with associated education, signage and monitoring program. Enforcement program may also be 
required.  

 



Table E3-A: AoPC 1, 2 and 5 Robertson Barracks Options Analysis

Risk Source Area
Contributing Sources

Risk ID and Description

Source, Pathway or Exposure 
(Receptor) Control measure

Exposure (receptor) Control 

Management Option (Functional) TitleExcavation & Off-site Disposal Excavation & Treatment Stabilisation/ Immobilisation In-situ Containment (capping) Ex-situ Containment (repository) Shallow groundwater capture and treatment In-situ Interception (e.g. PRB, Hydraulic 
Control)

Prohibtion of abstraction of 
groundwater at Robertson 
Barracks for any use

Nature of Hazard Control Elimination Elimination Substitution Engineering Control Engineering Control Engineering Control Engineering Control Administrative Control

1
Cost Range estimate Category 2 Category 2 Category 2 Category 3 Category 3 Category 2 Category 2 Category 4

2
Effectiveness rating High High Medium Medium High with Supplementary Option Medium Medium Medium

3
Implementation period / timeframe Short term (1-12 months) Short term (1-12 months) Short term (1-12 months) Short term (1-12 months) Medium term (1-3 years) Long term (beyond 3 years) Long term (beyond 3 years) Long term (beyond 3 years)

4
Potential impacts Likely to have positive environmental 

and socioeconomic benefits.
Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental and 
socioeconomic benefits.

Likely to have positive environmental and 
socioeconomic benefits.

Unlikely to have positive 
environmental and socioeconomic 
benefits.

5
Est. Net Env. Benefit Moderate Moderate Marginal Moderate Moderate Moderate Marginal Marginal

6
Proportion of action to risk Scale and Cost marginally 

proportionate to risk
Scale and Cost marginally 
proportionate to risk

Scale and Cost marginally 
proportionate to risk

Scale and Cost marginally 
proportionate to risk

Scale and Cost marginally 
proportionate to risk Scale and Cost marginally proportionate to risk Scale and Cost marginally proportionate to risk Scale and Cost proportionate to risk

7
Best practice status Measure is less than accepted 

industry practice
Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice Measure constitutes accepted industry practice Measure constitutes accepted industry practice

8
Verification status Remediation technology status 

verified
Remediation technology status 
verified Remediation technology not verified Remediation technology status 

verified
Remediation technology status 
verified Remediation technology status verified Remediation technology status verified

9
Technology assessment May have significant logistical 

considerations
May have significant logistical 
considerations

May have significant logistical 
considerations

Unlikely to have significant logistical 
considerations

Unlikely to have significant logistical 
considerations May have significant logistical considerations May have significant logistical considerations

10
Risks and mitigation Low Medium Medium Medium Medium Medium High (list issues) High (list issues)

11
Key dependencies

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is dependent upon implementation of other 
options or external factor (list)

Option is dependent upon implementation of other 
options or external factor (list)

Option is NOT dependent upon 
implementation of other options or 
external factor

12
Defence Capability May affect capability May affect capability May affect capability May affect capability May affect capability Highly unlikely to affect capability Highly unlikely to affect capability Highly unlikely to affect capability

13
Project Fit Consistent with other sites Not used at other sites Consistent with other sites

14
Scalability Option not able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option not able to be scaled

15
Jurisdictional regulator/s EPA EPA EPA

16
Owner / occupier consents and 
views Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier

17
Community Community likely to accept option Community likely to accept option Community likely to accept option Community may accept option Community may accept option Community may accept option Community may accept option Community may accept option

Overall Comment in response to 
Assessment Criteria: 
1 - Cost
4- Potential Impacts
10 - Risks and Mitigation
11 - Key dependencies.

1: Volume of sources
4: -
10: No current disposal options in 
NT
12. Potential for excavation works 
to enter compounds and in 
access roads.

1: Volume of sources
4: -
10: No current licensed treatment 
options in NT.

1: Large treatment volume.
4: - 
10: Significant assessment to 
verify dosing rate and treatment 
effectiveness.

1: Large area to cap
4: Will not remove impacted 
materials.
10: Covering impacted material 
may result in residual re-
contamination risk. 
Ongoing management of cap 
required.

1: Volume of material & 
Repository cost
4: -.
10: Siting of repository and 
management responsibility.

1: Cost to install extraction and treatment 
plant. 
4: Will not remove impacted materials.
10: Risk of inadequate capture and seepage 
discharge to drainage network. 
Does not address overland discharge from 
impacted surface materials (requires source 
management). 
Treated water and waste discharge 
considerations. 
Monitoring  performance requirements.

1: Cost to install extraction and treatment 
plant or install filter media. 
4: Will not remove impacted materials.
10: Risk of inadequate capture and seepage 
discharge to drainage network. 
Does not address overland discharge from 
impacted surface materials (requires source 
management). 
Treated water and waste discharge 
considerations. 
Filter media (PRB) replacement and 
treatment/disposal. 
Monitoring  performance requirements.

1: Low cost
4: Ongoing community stigma 
associated with administration 
controls and not removing source.
10: Ongoing consumption risk
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1. AoPC 1: AFFF concentrate storage, maintenance, refilling and testing activities for the former location of the Emergency Response Squadron (ERS) unit within the Building 137 compound in the northeast of Robertson Barracks prior to its relocation to the 1 CER compound (CSR_NT_000162).
2. AoPC 2: Former 2 Cav Regt where anecdotal evidence suggested historical firefighting trucks were parked in the southeast of the compound before ERS moved to Building 137 (CSR_NT_000133, CSR_NT_000165 and CSR_NT_000245).
3. AoPC 5: Underground storage tank (UST) refuelling area and wash down bays which may have been utilised for firefighting tankers for wash down purposes following the use of legacy AFFF foams (CSR_NT_000241 and CSR_NT_000108). 

1. Shallow groundwater impacts (upper portion of Bathurst Island Formation) migrating within Robertson Barracks.
2. Shallow groundwater (upper portion of Bathurst Island Formation) impacts migrating outside of Robertson Barracks.
3. Migration pathways from soil sources on-site.

Pathway management - water
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Table E3-B: Surface Water at Robertson Barracks Options Analysis

Risk Source Area
Contributing Sources
Risk ID and Description

Source, Pathway or Exposure 
(Receptor) Control measure

Exposure (receptor) 
Control 

Management Option (Functional) Tit Excavation & Off-site Disposal of 
sediments

Excavation & Treatment of 
sediments

Stabilisation/ 
Immobilisation of 
sediments

In-situ Containment (capping) of 
sediments

Ex-situ Containment (repository) 
of sediments

Surface water capture and 
treatment

Shallow groundwater 
capture and treatment

In-situ Interception 
(e.g. PRB, Hydraulic 
Control)

Drainage improvement - Open Drainage improvement - Closed Management controls

Nature of Hazard Control Elimination Elimination Substitution Engineering Control Engineering Control Engineering Control Engineering Control Engineering Control Engineering Control Engineering Control Administrative Control

Option Applicable No No No No

1
Cost Range estimate Category 2 Category 2 Category 2 Category 3 Category 2 Category 3 Category 2

2
Effectiveness rating High High Medium High Medium High Medium

3
Implementation period / timeframe Short term (1-12 months) Short term (1-12 months) Short term (1-12 months) Medium term (1-3 years) Long term (beyond 3 years) Short term (1-12 months) Medium term (1-3 years)

4
Potential impacts May have positive environmental and 

socioeconomic benefits.
May have positive environmental and 
socioeconomic benefits.

May have positive environmental and 
socioeconomic benefits.

May have positive environmental and 
socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

5
Est. Net Env. Benefit Significant Significant Moderate Moderate Moderate Significant Significant

6
Proportion of action to risk Scale and Cost marginally 

proportionate to risk
Scale and Cost marginally 
proportionate to risk

Scale and Cost disproportionate to 
risk

Scale and Cost disproportionate to 
risk

Scale and Cost disproportionate to 
risk

Scale and Cost marginally 
proportionate to risk

Scale and Cost disproportionate to 
risk

7
Best practice status Measure is less than accepted 

industry practice
Measure constitutes accepted 
industry practice

Measure is less than accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

8
Verification status Remediation technology status 

verified
Remediation technology status 
verified

Remediation technology status 
verified

Remediation technology status 
verified

Remediation technology status 
verified

Remediation technology status 
verified

Remediation technology status 
verified

9
Technology assessment May have significant logistical 

considerations
May have significant logistical 
considerations

Likely to have significant logistical 
considerations

Likely to have significant logistical 
considerations

Likely to have significant logistical 
considerations

Unlikely to have significant logistical 
considerations

May have significant logistical 
considerations

10
Risks and mitigation High (list issues) High (list issues) High (list issues) High (list issues) Medium Medium Medium

11
Key dependencies

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

12
Defence Capability May affect capability May affect capability May affect capability May affect capability Unlikely to affect capability Unlikely to affect capability Highly likely to affect capability

13
Project Fit Consistent with other sites Consistent with other sites Consistent with other sites

14
Scalability Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled

15
Jurisdictional regulator/s EPA EPA

16
Owner / occupier consents and 
views Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier

17
Community Community may accept option Community may accept option Community may accept option Community likely to accept option Community likely to accept option Community may accept option Community may accept option

Overall Comment in response to 
Assessment Criteria: 
1 - Cost
4- Potential Impacts
10 - Risks and Mitigation
11 - Key dependencies.

1: Volume of sediments & Length 
of Drains
4: Mobilisation of sediments in 
surface water drainage.
10: No current disposal options in 
NT.
11: Requires 
treatment/management of source 
area and surface water PFAS 
impacts to minimise re-
contamination.

1: Volume of sediments
4: Mobilisation of sediments in 
surface water drainage.
10: No current licensed treatment 
options in NT.
11: Requires 
treatment/management of source 
area and surface water PFAS 
impacts to minimise re-
contamination.

1: Large area to cap
4: Will not remove impacted 
sediment.
10: Covering impacted sediment 
may result in residual re-
contamination risk. Scouring of 
capping may mobilise 
contaminants.
11: Requires 
treatment/management of source 
area and surface water PFAS 
impacts to minimise re-
contamination.

1: Volume of material & 
Repository cost.
4: Will initially destroy ecosystem 
compared to benefit provided.
10: Siting of repository and 
management responsibility.
11: Requires 
treatment/management of source 
area and surface water PFAS 
impacts to minimise re-
contamination.

1: Significant water engineering 
works and water treatment cost.
11: Success highly dependant on 
other measures (source 
management) and generally 
wouldn't be considered on its 
own. 

1: Cost of concrete lining open 
drainage network.
4: May increase drainage 
discharge from site (reduced 
infiltration).
10: Risk of seepage within 
drainage backfill from shallow 
groundwater discharging to 
surface waters. May still need to 
manage sediment for effective 
construction/implementation.
Could be dependent on other 
measures (source management).

1: Cost of upgrading current 
closed stormwater network.
4: Ongoing community stigma 
associated with administration of 
advice and monitoring 
enforcement.
12. Disruption to capability would 
occur.
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Surface water and stormwater drains (particularly down gradient of AoPC 1, 2 and 5)
1. Shallow groundwater (upper portion of Bathurst Island Fomation) impacts entering drains and migration of PFAS outside of Robertson Barracks.
2. Migration pathways from soil sources at Robertson Barracks.
3. Mobilisation of PFAS from sediment to surface water in Wet season

Source control - soil/sediment management
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Table E3-C: CTA and Southern Drainage Channel Options Analysis

Risk Source Area
Contributing Source Area IDs

Risk ID and Description

Source, Pathway or Exposure 
(Receptor) Control measure

Engineering Control Exposure (receptor) Control 

Management Option (Functional) Titl Excavation & Off-site Disposal Excavation & Treatment Stabilisation/ Immobilisation In-situ Containment (capping) Ex-situ Containment (repository) Shallow groundwater capture and treatment In-situ Interception (e.g. PRB, Hydraulic 
Control)

Fencing around CTA and southern drainage 
channel with signage and patrols to prohibit 
unauthorised access for recreational fishing 
activities

Restrictions on use; management 
controls - restriction on 
groundwater use for any purposes 
other than investigation within 
Robertson Barracks and the CTA 
(Commonwealth-owned Land)

Nature of Hazard Control Elimination Elimination Substitution Engineering Control Engineering Control Engineering Control Engineering Control Engineering Control Administrative Control

1
Cost Range estimate Category 2 Category 2 Category 3 Category 3 Category 2 Category 2 Category 2 Category 4 Category 4

2
Effectiveness rating High with Supplementary Option High with Supplementary Option Medium with Supplementary Option High with Supplementary Option Medium with Supplementary Option Medium Medium High Medium with Supplementary Option

3
Implementation period / timeframe Medium term (1-3 years) Medium term (1-3 years) Medium term (1-3 years) Short term (1-12 months) Medium term (1-3 years) Long term (beyond 3 years) Long term (beyond 3 years) Short term (1-12 months) Long term (beyond 3 years)

4
Potential impacts Likely to have positive environmental 

and socioeconomic benefits.
Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental 
and socioeconomic benefits.

Likely to have positive environmental and 
socioeconomic benefits.

Likely to have positive environmental and 
socioeconomic benefits.

May have positive environmental and 
socioeconomic benefits.

Unlikely to have positive 
environmental and socioeconomic 
benefits.

5
Est. Net Env. Benefit Moderate Moderate Marginal Moderate Moderate Moderate Marginal Marginal Marginal

6
Proportion of action to risk Scale and Cost disproportionate to 

risk
Scale and Cost disproportionate to 
risk

Scale and Cost marginally 
proportionate to risk

Scale and Cost marginally 
proportionate to risk

Scale and Cost disproportionate to 
risk Scale and Cost marginally proportionate to risk Scale and Cost marginally proportionate to risk Scale and Cost proportionate to risk Scale and Cost proportionate to risk

7
Best practice status Measure is less than accepted 

industry practice
Measure constitutes accepted industry 
practice

Measure constitutes accepted industry 
practice

Measure constitutes accepted industry 
practice

Measure constitutes accepted industry 
practice Measure constitutes accepted industry practice Measure constitutes accepted industry practice

8
Verification status Remediation technology status 

verified
Remediation technology status 
verified Remediation technology not verified Remediation technology status 

verified
Remediation technology status 
verified Remediation technology status verified Remediation technology status verified

9
Technology assessment Likely to have significant logistical 

considerations
Likely to have significant logistical 
considerations

May have significant logistical 
considerations

May have significant logistical 
considerations

Likely to have significant logistical 
considerations May have significant logistical considerations May have significant logistical considerations Unlikely to have significant logistical considerations

10
Risks and mitigation Low Medium Medium Medium Medium Medium High (list issues) Low High (list issues)

11
Key dependencies

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

Option is dependent upon 
implementation of other options or 
external factor (list)

Option is dependent upon implementation of other 
options or external factor (list)

Option is dependent upon implementation of other 
options or external factor (list)

Option is NOT dependent upon implementation of 
other options or external factor

Option is NOT dependent upon 
implementation of other options or 
external factor

12
Defence Capability Highly likely to affect capability Highly likely to affect capability Likely to affect capability May affect capability Highly likely to affect capability Highly unlikely to affect capability May affect capability Highly unlikely to affect capability Highly unlikely to affect capability

13
Project Fit Consistent with other sites Not used at other sites Consistent with other sites Consistent with other sites

14
Scalability Option not able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option able to be scaled Option not able to be scaled

15
Jurisdictional regulator/s EPA EPA EPA, DENR

16
Owner / occupier consents and 
views Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Comments/views of owner/occupier Occupier consent required Owner consent required

17
Community Community likely to accept option Community likely to accept option Community likely to accept option Community may accept option Community may accept option Community may accept option Community may accept option Community likely to accept option Community may accept option

Overall Comment in response to 
Assessment Criteria: 
1 - Cost
4- Potential Impacts
10 - Risks and Mitigation
11 - Key dependencies.

1: Volume of sources
4: -
10: No current disposal options in 
NT.
11: Difficult access due to 
seasonal flooding, vegetation, 
terrain and operational nature of 
the area.

1: Volume of sources
4: -
10: No current disposal options in 
NT.
11: Difficult access due to 
seasonal flooding, vegetation, 
terrain and operational nature of 
the area.

1: Large treatment volume.
4: - 
10: Significant assessment to 
verify dosing rate and treatment 
effectiveness
11:  Difficult access due to 
seasonal flooding, vegetation, 
terrain and operational nature of 
the area.

1: Large area to cap
4: Will not remove impacted 
materials.
10: Covering impacted material 
may result in residual re-
contamination risk. 
11:  Difficult access due to 
seasonal flooding, vegetation, 
terrain and operational nature of 
the area.

1: Volume of material & 
Repository cost
4: -.
10: Siting of repository and 
management responsibility.
11:  Difficult access due to 
seasonal flooding, vegetation, 
terrain and operational nature of 
the area.

1: Cost to install extraction and treatment 
plant. 
4: Will not remove impacted materials.
10: Risk of inadequate capture and seepage 
discharge to drainage network. 
Does not address overland discharge from 
impacted surface materials (requires source 
management). 
Treated water and waste discharge 
considerations. 
Monitoring  performance requirements.

1: Cost to install extraction and treatment 
plant or install filter media. 
4: Will not remove impacted materials.
10: Risk of inadequate capture and seepage 
discharge to drainage network. 
Does not address overland discharge from 
impacted surface materials (requires source 
management). 
Treated water and waste discharge 
considerations. 
Filter media (PRB) replacement and 
treatment/disposal. 
Monitoring  performance requirements.

1: Low cost
4: Ongoing community stigma associated with 
administration of advice and monitoring 
enforcement.
10: Ongoing consumption risk

1: Low cost
4: Ongoing community stigma 
associated with administration of 
advice and monitoring 
enforcement.
10: Ongoing consumption risk
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Source control - soil/sediment management
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CTA and Southern Drainage Channel
PFAS impacted sediment and surface water in Milners Creek in CTA
PFAS impacted sediment and surface water in the southern drainage channel
Grassed area near runways used for AFFF testing (Source ID 16)
1. Human consumption of fish caught from Milners Creek and the southern drainage channel. 
2. Exposure of aquatic ecological receptors in surface waters, and to higher order predators consuming these biota.
3. Shallow groundwater impacts identified to the north of the southern drainage channel migrating to the south.
4. Shallow groundwater impacts migrating from Robertson Barracks to the east into the CTA.
5. Migration pathways from soil sources at Robertson Barracks.

Pathway management - water
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Weig

1
Cost Range estimate Category 1 Category 2 Category 1 Category 4 Category 3 Category 3 1 1 0.7 1 0 0.3 0.3

2
Effectiveness rating Medium with Supplementary 

Option High Medium Medium with Supplementary 
Option

Medium with Supplementary 
Option High with Supplementary Option 5 3.8 0 2.5 3.8 3.8 1.3

3
Implementation period / timeframe Medium term (1-3 years) Medium term (1-3 years) Medium term (1-3 years) Long term (beyond 3 years) Medium term (1-3 years) Medium term (1-3 years) 1 0.5 0.5 0.5 1 0.5 0.5

4
Potential impacts

Likely to have positive 
environmental and 
socioeconomic benefits.

Unlikely to have positive 
environmental and 
socioeconomic benefits.

May have positive 
environmental and 
socioeconomic benefits.

Likely to have positive 
environmental and 
socioeconomic benefits.

Unlikely to have positive 
environmental and 
socioeconomic benefits.

Likely to have positive 
environmental and 
socioeconomic benefits.

1 0 1 0.5 0 1 0

5
Est. Net Env. Benefit Negative Moderate Significant Moderate Negative Moderate 1 1 0.3 0 0.3 1 0.3

6
Proportion of action to risk Scale and Cost low compared to 

risk
Scale and Cost high compared 
to risk

Scale and Cost high compared 
to risk

Scale and Cost low compared to 
risk

Scale and Cost moderate 
compared to risk

Scale and Cost moderate 
compared to risk 1

7
Best practice status Measure constitutes accepted 

industry practice
Measure is less than accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure constitutes accepted 
industry practice

Measure is less than accepted 
industry practice 1 0 1 0 0 0 1

8
Verification status Remediation technology not 

verified
Remediation technology not 
verified

Remediation technology not 
verified

Remediation technology status 
verified

Remediation technology not 
verified

Remediation technology status 
verified 1 1 1 1 0 1 0

9
Technology assessment Medium Low Low Medium Medium Medium 1

10
Risks and mitigation Medium High (list issues) Low High (list issues) Medium Medium 1 0.5 1 0 1 0.5 0.5

11
Key dependencies

Option is NOT dependent upon 
implementation of other options 
or external factor

Option is NOT dependent upon 
implementation of other options 
or external factor

Option is NOT dependent upon 
implementation of other options 
or external factor

Option is NOT dependent upon 
implementation of other options 
or external factor

Option is dependent upon 
implementation of other options 
or external factor (list)

Option is NOT dependent upon 
implementation of other options 
or external factor

1 0 0 0 0 1 0

12
Defence Capability Highly unlikely to affect 

capability Highly likely to affect capability Likely to affect capability May affect capability Highly unlikely to affect 
capability May affect capability 3 0 3 2.3 1.5 0 1.5

13
Project Fit Consistent with other sites Not used at other sites Consistent with other sites Not used at other sites Not used at other sites Not used at other sites 1 0 1 0 1 1 1

14
Scalability Option able to be scaled Option not able to be scaled Option able to be scaled Option able to be scaled Option not able to be scaled Option able to be scaled 1 0 1 0 0 1 0

15
Jurisdictional regulator/s Other Water retailer Groundwater resource regulator Veterinary Catchment manager Groundwater resource regulator 1 0 0 0 0 0 0

16
Owner / occupier consents and 
views Owner consent required Comments/views of 

owner/occupier Owner consent required Comments/views of 
owner/occupier

Comments/views of 
owner/occupier Occupier consent required 1 1 0 1 0 0 0.5

17
Community Community likely to accept 

option
Community likely to accept 
option

Community likely to accept 
option Community may accept option Community may accept option Community unlikely to accept 

option 1 0 0 0 0.5 0.5 1
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Cost Range estimate Effectiveness rating
Implementation period / 
timeframe

Potential impacts Est. Net Env. Benefit Proportion of action to risk Best practice status Verification status Technology assessment Risks and mitigation Key dependencies Defence Capability Project Fit Scalability Jurisdictional regulator/s
Owner / occupier 
consents and views

Community

0 Category 4 0 High 0 Short term (1-12 months) 0 Likely to have positive environmental and socioeconomic benefits. 1 Negative 1 Scale and Cost disproportionate to risk 0 Measure constitutes acce   0 Remediation technology s  0 Unlikely to have significan   0 Low 1 Option is dependent upon        1 Highly likely to affect capa 1 Not used at other sites 0 Option able to be scaled EPA 1 Owner consent required 0 Community likely to accep  
0.33 Category 3 0.25 High with Supplementary Option 0.5 Medium term (1-3 years) 0.5 May have positive environmental and socioeconomic benefits. 0.66 Marginal 0.5 Scale and Cost marginally proportionate to ri 1 Measure is less than acce   1 Remediation technology  0.5 May have significant logis  0.5 Medium 0 Option is NOT dependent        0.75 Likely to affect capability 0 Consistent with other site 1 Option not able to be scaled Health department 0.5 Occupier consent require 0.5 Community may accept op
0.66 Category 2 0.5 Medium 1 Long term (beyond 3 years) 1 Unlikely to have positive environmental and socioeconomic benefits. 0.33 Moderate 0 Scale and Cost proportionate to risk 1 Likely to have significant l  1 High (list issues) 0.5 May affect capability Water retailer 0 Comments/views of owne 1 Community unlikely to acc  

1 Category 1 0.75 Medium with Supplementary Option 0 Significant 0.25 Unlikely to affect capability Veterinary
1 Low 0 Highly unlikely to affect capability Groundwater resource regulator

Catchment manager
Natural resource manager
Other
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1.0 Introduction 

Department of Defence (Defence) engaged Senversa Pty Ltd (Senversa) to prepare an Ongoing 
Monitoring Plan (OMP) for per- and poly-fluoroalkyl substance (PFAS) impacts identified at Robertson 
Barracks and adjacent Defence managed land (the Monitoring Area). This OMP forms part of the 
PFAS Management Area Plan (PMAP) for the Monitoring Area. 

The Monitoring Area (as defined in Figure 1) comprises the following three areas. 

1. Robertson Barracks. 

2. The southern drainage channel running along the southern boundary of the Barracks where 
concentrations of PFAS in groundwater and surface water have been identified above drinking 
water screening levels. 

3. A portion of the western part of the Close Training Area (CTA) to monitor potential lateral 
migration of PFAS impacted groundwater and surface water from Robertson Barracks. 

This OMP also includes the sampling of the two groundwater abstraction bores used for potable 
purposes at the Shoal Bay Receiving Station (SBRS) (see Figure 1). These two bores are located 
outside of the Monitoring Area however, the sampling of these bores has been requested by Defence 
as Defence personnel continue to use these two bores for potable purposes. These two bores were 
tested as part of the Detailed Site Investigation (DSI) as the SBRS is operated by Defence and are 
proposed to be included as part of ongoing monitoring despite no previous detections of PFAS. 

1.1 Background 

PFAS are a group of synthetic (i.e. ‘man-made’) compounds which include perfluorooctane sulfonic 
acid (PFOS), perfluorohexane sulfonic acid (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. PFAS contamination on and in proximity to the Defence 
estate arises primarily because of the historic use of AFFF for training purposes or incident control. 

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.  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. 

This OMP has been developed in accordance with national guidance in the form of the PFAS National 
Environmental Management Plan (PFAS NEMP) (HEPA, 2018), 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. 
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1.2 Objective 

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

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate screening 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.  

The data collected as part of this OMP may also provide sufficient data to support the cessation of on-
going monitoring and that no further action is required to manage potential risks from the identified 
PFAS impacts. 

1.3 Purpose and Scope of OMP 

The purpose of undertaking the monitoring specified within the OMP is as follows. 

a) Provide ongoing confirmation that concentrations of PFAS in groundwater and surface water 
migrating from source areas, and in sediment collected along potential surface water migration 
pathways are stable or reducing since the discontinued use of legacy AFFF (3M Lightwater 
formulation) in 2004. 

b) Provide ongoing confirmation of earlier findings that risks to receptors utilising impacted media 
are low and acceptable, or that risk management measures are appropriate.   

c) Fulfils the recommendations outlined in the PMAP to provide data to inform the ongoing 
management requirements for impacted media within the Monitoring Area.  

The monitoring proposed is primarily to evaluate changes in the nature and extent of groundwater, 
surface water and sediment in the Monitoring Area (Figure 1) and the data collected will be 
considered as part of management responses outlined in the PMAP. Specific further investigation or 
monitoring to assess the feasibility of a management option or monitoring to assess the efficacy of the 
implementation of a management response will be outlined in separate documentation. This would 
include but not be limited to the following. 

• Within a Sampling and Analysis Quality Plan (SAQP) for a feasibility study. 

• Within a Remedial Action Plan (RAP) for implementation of a management response. 

• Within a validation plan following the implementation of a management response. 

For example, a discharge study to assess the feasibility of drainage improvement works may include a 
greater frequency of monitoring of water levels in shallow groundwater and the surface water in the 
main drains than is required in this monitoring plan to assess trends in migration. 

This document provides the following. 

• Identification of roles and responsibilities including those of Defence (Section 1.4). 
• A description of site setting and relevant features of the environmental setting (Section 2.0).  
• A summary of the recommended sampling frequency and methodology (Section 3.0).  
• Reporting requirements (Section 4.0). 
• Monitoring of management measures and potential risks including where a revision of risk 

assessment will be required. (Section 5.0). 
• Key references (Section 6.0). 
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1.4 Scope Excluded from OMP 

The scope of works for this OMP does not include biota sampling as the primary objective of this OMP 
is to assess changes in the nature and extent of PFAS impacts in groundwater, surface water and 
sediment. A requirement for biota sampling is not warranted at this stage as the objective of the OMP 
does not include further refinement of the potential elevated exposure scenarios identified in the 
human health and ecological risk assessment (HHERA).  

Should the risk profile of the Monitoring Area change due to an increase in the nature and extent of 
PFAS impacts in groundwater, surface water and sediment, the future requirement for biota sampling 
should be reconsidered which would require an additional sampling, analysis and quality plan (SAQP). 

1.5 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 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 Background Information 

2.1 Site Details  

The following table summarises the relevant details that describe the site. 

Table 2.1: Site Planning Information 

Item Relevant Information 

Monitoring Area Address The Monitoring Areas includes the following addresses: 

• Robertson Barracks, Thorngate Road, Darwin, NT, 0829. 
• Part of the western section of the Close Training Area (CTA), Thorngate Road, 

Darwin, NT, 0829. 
• The southern drainage channel located immediately to the south of Robertson 

Barracks. 

Monitoring Area The Monitoring Area covers 723.4 hectares (ha) (7.23 km2). 

Current Site Owner The Commonwealth of Australia  

Land Parcels Robertson Barracks (including the MTR): Tenure 805/990 
CTA: Tenure 820/13 

Municipality Litchfield Municipality 

Current Land Use Zoning Commonwealth Land (CA) 

Current Site Occupier Department of Defence 

2.2 Current Use 

Robertson Barracks is a major training ground for the Australian Defence Force and the home of 
Australia’s 1st Brigade whose mission is to provide forces to conduct full-spectrum operations in order 
to defend Australia and its national interests. Over 2,600 staff work daily on Robertson Barracks which 
does not include the United State Marine Corps (USMC) who train at Robertson Barracks during the 
Dry season. 

This facility includes a range of land uses including a helicopter airfield and associated infrastructure in 
the northern portion with wash bays, refuelling areas, dangerous goods stores and mechanical 
maintenance areas within various compounds across Robertson Barracks. Ancillary uses include 
residential housing for personnel, catering kitchens, sports and recreational facilities and a child care 
centre. 

The monitoring area also comprises part of the CTA which is a former quarry area to the east of 
Robertson Barracks has also recently been acquired by Defence and is currently being developed for 
the use of live fire range field training. As part of the proposed development of the CTA, fencing and 
gated access will be installed around the perimeter of the CTA to restrict access to the general public 
who can currently access portions of the CTA. 

The SBRS groundwater abstraction bores are located approximately 5.6 km north of Robertson 
Barracks. Water supply to the SBRS is from either rainwater harvested from their roofs and collected 
within tanks or water supplied to tanks by the bores for potable water purposes. The two bores 
abstract groundwater from the deeper Wildman Siltstone Formation. 
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2.3 Surrounding land Use 

The Monitoring Area is located in a semi-rural area east of Darwin. The surrounding land use is 
predominantly Commonwealth owned land, with no privately-owned rural residential homes within a 
1 km radius of Robertson Barracks. Identified land uses in each direction from Robertson Barracks are 
summarised in the table below.  

Table 2.2: Surrounding Land Uses  

Direction Land Uses 

North Shoal Bay Receiving Station (SBRS) is located to the north of Robertson Barracks. This area predominantly 
comprises open woodlands, wetlands and swamps overlying an undulating topography. The littoral and marine 
zones of Shoal Bay lie immediately north of the SBRS. 

East  To the east and north east are former quarries that have been utilised for sand and gravel extraction. Defence 
now manages the land which is Commonwealth owned and is in the process of transforming the area into a 
CTA. Further to the east is the Darwin Correctional Facility. 

South  Small woodland open reserve area, light industrial, commercial retail, office facilities and the Stuart Highway.  

West Open woodlands, tall shrubland, plains and swamps as well as an area managed by Airservices (not related to 
fire training exercises). Further west are semi-rural residential dwellings and Knuckey Lagoons Conservation 
Reserve. The Thorak Regional Cemetery is located approximately 900 m to the northeast of Robertson 
Barracks. 

2.4 Geology and Hydrogeology 

2.4.1 Local Geology  

The majority of the detailed site investigation (DSI) intrusive locations (Senversa, 2018a) targeted the 
upper portion of the Bathurst Island Formation which generally comprised silts and sandy silts 
generally overlying siltstone at depth in the lower portion of the Bathurst Island Formation. The 
thickness of the Bathurst Island Formation is understood to be up to 50 m which is then underlain by 
the Wildman Siltstone Formation which comprises siltstone, silty sandstone and minor quartzite 
between 50 metres (m) to over 1,000 m below ground level (mbgl). The vertical extent of the DSI was 
to 30 mbgl and the Wildman Siltstone Formation was not encountered. An outcrop of the Acacia Gap 
Quartzite Member is located within the CTA which comprises quartzite, commonly pyritic sandstone 
with interbedded siltstone. 

The geology encountered during the DSI across the Monitoring Area was generally consistent with 
sandy silt or silty sand overlying siltstone. Fill material was observed at several locations within the 
CTA at locations previously mined and at several locations within Robertson Barracks, generally 
associated with grass cover or below concrete and paving. 

The following table summarises the general sub-surface soil conditions encountered across the 
Monitoring Area during the DSI (Senversa, 2018a).  

Table 2.3: Summary of Ground Conditions  

Approximate 
Depth Range 
(m bgl) 

Unit / Material Lithological Description 

0.0 to 0.1  Concrete 
Bricks/Grass/Topsoil  

Concrete bricks were present as a surface coverage at six locations within 
Robertson Barracks with grass and topsoil at ten locations. Topsoil was observed 
directly below the grass surface cover and generally comprised:  
Fill (topsoil): Brown, sandy silt with fine grained sand, trace clay and roots. 
Uniformly graded, rounded sand. 
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Approximate 
Depth Range 
(m bgl) 

Unit / Material Lithological Description 

0.0 to 1.0 Fill Fill: Brown/orange, brown/red, brown and dark brown, sand/silty sand/sandy 
gravel/sandy silt with minor to trace sub-angular gravel, silt and clay. Well to gap 
graded, fine to coarse grained, sub-rounded gravel. Anthropogenic material 
observed at five locations included trace fine concrete, glass, plastic and bullet 
fragments. 

0.0 to 9.5 Natural  The following natural soils were present across the Monitoring Area: 
SILT: Non-plastic, orange brown/mottled brown/brown/grey brown/red brown/grey 
and light grey, firm to stiff, silt with trace fine sand and clay. Uniformly graded, 
rounded sand. 
SAND: Brown to light brown and grey, fine grained sand. Uniformly graded, 
rounded sand. 
Sandy SILT/Silty SAND: Brown mottled light brown, orange and grey, fine 
grained silty sand/sandy silt with trace clay. Uniformly graded, rounded sand. 
Silty CLAY: Medium plasticity, brown, hard silty clay with trace rootlets. 
CLAY: Medium plasticity, brown, firm clay and trace fine to medium grained, gap, 
graded, rounded gravel and roots. 

2.0 to 30.0 m Natural  SILTSTONE: Orange-brown/mottled red/brown, hard to very hard, fine to medium 
grained sand with trace silt and clay, occurring as a band in some locations. 
Uniform to gap graded, rounded sand. 

The lithology encountered beneath the Monitoring Area was consistent to that of regional mapping and 
logs from previous investigations, with silts and sandy silts generally overlying siltstone to the 
maximum drilled depths.  

Surface coverage varied across the Monitoring Area dependent on the different land uses. The 
compounds and populated common areas within Robertson Barracks had a combination of grass, 
topsoil and concrete brick paving. Vegetated corridor areas within Robertson Barracks and the former 
quarry area in the CTA consisted of a fill material or natural material on the surface.  

2.4.2 Local Hydrogeology 

The upper water table aquifers of the Bathurst Island Formation are discontinuous and unconfined, 
occurring as localised aquifers within the surface fluvial sand, silts and gravel beds of these 
predominantly fine sediment dominated units. Groundwater levels in the upper water table aquifer 
recorded during the DSI ranged between the ground surface during the Wet season and 10.194 mbgl 
during the Dry season. The aquifer is recharged during the Wet season by infiltration of rain and flood 
water and river leakage with seasonal variations of up to 9.3 m reported between the Dry and Wet 
seasons in the MTR. In some areas, it is likely that the upper aquifer discharges to rivers, and the 
pattern of recharge and discharge relationships between the upper aquifers and rivers is in many 
areas, seasonal. 

Groundwater levels from monitoring wells installed within the lower table aquifer of the Bathurst Island 
Formation between 27 and 30 mbgl ranged between 1.445 and 7.283 mbgl indicating a semi-confined 
aquifer system. Vertical hydraulic gradients between ‘shallow’ and ‘deep’ well pairs were limited at two 
paired monitoring locations with a downward vertical gradient evident at one paired location which 
indicated that the two aquifers are likely to be hydraulically connected. 

Groundwater flow direction in the northern and central portions of Robertson Barracks is inferred to 
the east-northeast. Groundwater flow direction in the southern portion of Robertson Barracks is 
inferred to the south-southeast which is likely to be influenced by the southern drainage channel 
leading into the Milners Creek. Apart from some minor spatial and temporal variations, the hydraulic 
gradients reported for the Wet season compared to the Dry season were relatively similar indicating 
that groundwater recharge to the underlying aquifers is relatively uniform with no evidence of 
preferential recharge zones.  
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Groundwater hydraulic gradients across the Monitoring Area were generally consistent ranging 
between 0.0116 and 0.0138. Apart from some minor spatial and temporal variations, the hydraulic 
gradients reported for the Wet season compared to the Dry season were relatively similar. This 
suggests that groundwater recharge to the underlying aquifers are relatively uniform across the study 
area with no evidence of preferential recharge zones. The average calculated seepage velocities vary 
by an order of magnitude between the upper (silt) aquifer (from 46 m/year in the Dry season to 77 
m/year in the Wet season) and the lower (siltstone) aquifer (approximately 2 m/year). 

As a result of the difference in surface topography between Roberson Barracks and the CTA, 
groundwater is generally encountered at shallower depths within the CTA. In some areas of Milners 
Creeks, including in the south of the CTA and immediately adjacent to the east of Robertson Barracks, 
the creek channel is shallow and not likely to be in hydraulic continuity with groundwater during the 
Dry season until further down gradient closer to Milners Swamp as shown on Figure 3. During the 
Wet season, however, groundwater levels rise almost to the ground surface within the CTA in 
proximity of Milners Creek as well as above the drainage lines in some areas within Robertson 
Barracks with groundwater and surface water both contributing to areas of high water flow and/or 
areas of inundation. 

2.5 Surface Water 

2.5.1 Catchment Drainage  

Robertson Barracks is located in the Kings Creek Catchment, which flows north out into Shoal Bay, 
located northeast of Darwin Harbour. Robertson Barracks is situated adjacent and resides on part of a 
wetland area to the west which drains south along the western boundary into Milners Creek, an 
intermittent creek which follows the southern boundary before transitioning north into Milners Swamp. 
Flow from Milners Swamp then moves into Kings Creek which in part transitions through the Noogoo 
Swamp before entering Shoal Bay. 

2.5.2 Environmentally Significant Surface Water Bodies 

The Monitoring Area is located within the Shoal Bay area of conservation significance. The Monitoring 
Area is included within an area listed as ‘International Significance’ according to the Northern Territory 
Government Department of Environment and Natural Resources (DENR, 2017) with the area 
predominantly comprising conservation reserves and protected areas, consisting of extensive mud 
and sand flats with much of the area exposed during low tide.  

The tidal flats provide an important roosting area for up to 5,000 migratory waterbirds which aggregate 
on small fresh water wetlands within inland areas. The Shoal Bay area of conservation significance 
contains approximately 14 threatened species with international significance. Additionally, Milners 
Swamp and Noogoo Swamp to the north and northeast are permanent, freshwater swamps (although 
portions of these swamps are dry and therefore discontinuous during the Dry season). These swamps 
are reported to support significant breeding populations of waterbirds, which may include Rajah 
Shelducks, Magpie Geese, Brolga and other species that are regionally important (Chatto, 2006). It 
should be noted that no large or regularly used waterbird breeding colonies are known from these 
areas (Chatto, 2006). 

2.5.3 Robertson Barracks Stormwater and Surface Drainage Network  

There are a number of lined and unlined drainage lines and channels that generally follow the 
topography of Robertson Barracks and divert all stormwater and surface runoff through and off 
Robertson Barracks as shown on Figure 4. Generally, surface water diverts around Robertson 
Barracks and runs around the perimeter in open channels before discharging along points on the 
eastern, southern and western boundary.  
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A below ground formal network of stormwater drains is present within some unit areas at Robertson 
Barracks. These networks capture water from sealed areas within the compounds, with drains 
observed to be present within the Building 137 compound where known legacy AFFF usage and 
storage occurred. The below ground network was observed to divert into the on-site open channel 
drainage network which is not captured or treated, and ultimately discharges into the CTA via the open 
drainage network to the east, south and west. 

The water within the drainage lines located Robertson Barracks is not known to be collected or used 
for any purposes such as irrigation or stockwater. 

2.5.4 Surface Water Features 

There are two surface water features in low lying areas present in the northeastern and western 
portions of Robertson Barracks that are likely to collect surface water run-off during high rainfall 
events. These features are likely to be associated with former water courses such as creeks and 
swamp systems. The swamp area along the western portion of Robertson Barracks is predominantly 
inundated while the northeastern area and southwestern corner become inundated during high rainfall 
events as shown on Figure 4. 

The drainage lines in the southern portion of Robertson Barracks discharge to the unlined southern 
drainage channel which is located outside of Robertson Barracks and runs parallel to the southern 
boundary. This channel discharges into the southern tributary of Milners Creek which flows northwards 
through the CTA. The drainage lines in the central portion of Robertson Barracks discharge to a drain 
that runs underneath Thorngate Road to the east and into the western tributary of Milners Creek. The 
two tributaries of the Milners Creek system converge within the CTA with the creek then flowing to the 
northeast and to the area known as Milners Swamp. These two tributaries of Milners Creek are 
ephemeral in places dependent on recent rainfall events and groundwater levels.  

2.6 Impacts to Groundwater and Surface Water  

2.6.1 Potential PFAS Source Areas 

From approximately 2004, Defence commenced phasing out of legacy AFFF (generally 3M Lightwater 
AFFF formulation) across the Defence Estate, and therefore the primary source of impacts is no 
longer present at the site. However, the impacted environmental media at the site is providing an 
ongoing (secondary) source of PFAS impacts.  

The areas of potential concern with the most significant use of legacy AFFF were areas of historical 
firefighting testing, locations of repeated refilling of vehicles and storage areas used for legacy foams 
and concentrate. The results of the DSI and HHERA indicated that PFAS impacts were generally 
limited to areas in proximity to and down gradient of Source Areas 1, 2 and 3 which are shown on 
Figure 2 and detailed as follows: 

• Source Area 1: AFFF concentrate storage, maintenance, refilling and testing activities for the 
former location of the ERS unit within the Building 137 compound in the northeast of Robertson 
Barracks prior to its relocation to the 1 CER compound (CSR_NT_000162). 

• Source Area 2: Former 2 Cav Regt where anecdotal evidence suggested historical firefighting 
trucks were parked in the southeast of the compound before ERS moved to Building 137 
(CSR_NT_000133, CSR_NT_000165 and CSR_NT_000245). 

• Source Area 3: Underground storage tank (UST) refuelling area and wash down bays which may 
have been utilised for firefighting tankers for wash down purposes following the use of legacy 
AFFF foams (CSR_NT_000241 and CSR_NT_000108).  

Concentrations of PFAS were also detected above the laboratory LOR in sediment, pore water and 
surface water from the southern drainage channel and Milners Creek within the CTA. 
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2.6.2 Groundwater Results 

Concentrations of PFAS detected in shallow groundwater within the upper portion of the Bathurst 
Island Formation were generally localised and limited to groundwater monitoring wells located within 
Robertson Barracks and immediately south of the south-eastern corner of Robertson Barracks to the 
north of the southern drainage channel. Where PFAS was detected, PFOS and PFHxS were the 
dominant compounds with PFOA only detected at two monitoring locations within Source Area 1 
during both sampling events. 

Concentrations of the sum of PFHxS and PFOS were reported above the human-health based 
guidance values (HBGV) for drinking water were reported from MW004 and 104MW02 in Source Area 
3 and from 103MW02 and 103MW03 in close proximity to Source Area 1 as shown on Figure 3. 
Concentrations of the sum of PFHxS and PFOS were also reported above HBGV for recreational 
water use at these two monitoring wells at Source Area 1. Concentrations of the sum of PFHxS and 
PFOS were also reported above HBGV for drinking water at MW001 and MW030 located to the 
southeast of Robertson Barracks. 

Concentrations of PFAS have also been reported above the LOR but below the HBGV at the following 
well locations. 

• MW011 in close proximity to Source Area 1. 
• MW002 and ROBMW07 in the southern portion of Robertson Barracks in proximity to Source 

Areas 2 and 3. 
• ROBMW01 in the northwestern portion of Robertson Barracks. 

PFAS was not detected within the MTR or CTA with the single exception of PFOS at MW021D during 
the Wet season sampling event which was equivalent to the LOR. This monitoring well was resampled 
in May 2018 to confirm this reported detection of PFAS at this location with all concentrations of PFAS 
reported below the LOR in May 2018. 

Shallow groundwater within the upper portion of the Bathurst Island Formation is not abstracted for 
any purposes at Robertson Barracks, however, groundwater is abstracted for potable purposes at the 
MTR bore, Thorak Regional Cemetery and at two bores at SBRS. No concentrations of PFAS 
compounds were detected in any of these samples indicating the absence of PFAS within these 
groundwater supplies installed into the Wildman Siltstone Formation. Results for SBRS are consistent 
with previous sampling where PFAS has not been detected.  

2.6.3 Sediment, Pore Water and Surface Water Results 

The nature and extent of PFAS impacts within sediment, pore water and surface water identified within 
the Monitoring Area are summarised as follows with sampling locations shown on Figure 4.  

• Similar to soil and groundwater, PFOS and PFHxS were the dominant compounds detected in 
sediment and surface water, with limited PFOA detections indicating a relatively uniform PFAS 
formulation in the legacy AFFF used at Robertson Barracks.  

• The sediment and surface water analytical results indicate PFAS concentrations are generally 
distributed in areas coincident with, or likely to be receiving drainage from the three source areas 
where soil and groundwater impacts have also been identified (Source Area 1 and down gradient 
of Source Areas 2 and 3).  

• Concentrations of PFAS were generally reported below the adopted screening values for all land 
use scenarios with the exception of immediately down gradient of expected surface water flow 
from Source Area 1 during both sampling events and along the southern boundary of Robertson 
Barracks and the southern drainage channel during the Wet season. No exceedances of the 
human health screening values for residential with minimal access to soil, public open space or 
commercial/industrial use were reported from soil samples collected within the Monitoring Area 
during all sampling events. 

• Concentrations of PFAS were detected above the LOR in the majority of sediment sampling 
locations along the southern drainage channel and Milners Creek within the CTA including SD124 
to SD126 which were the most accessible downstream sampling locations within Milners Swamp. 
Although the full lateral extent of PFAS impacts has not been delineated within sediment down 
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gradient of Robertson Barracks in Milners Swamp, no exceedances of the adopted screening 
values were detected from SD124 to SD126. 

• Concentrations of PFAS reported in sediments were relatively low (below soil screening levels for 
protection of human health with minimal soil access), however, the presence of detectable PFAS 
in sediment samples within Robertson Barracks, the southern drainage channel and Milners Creek 
indicates that sediments have the potential to act as an ongoing source of PFAS to drainage lines 
and Milners Creek.  

• Pore water extraction and analysis from sediment was also undertaken from the southern 
drainage channel and Milners Creek in May 2018. Concentrations of PFOS exceeding the 
freshwater guideline value (99% species protection for high conservation value systems) were 
reported from all pore water samples. It should be noted that the screening value for 99% 
protection is below the laboratory LOR. The concentration of PFOS from the duplicate sample 
collected from PW075 and PW122 also exceeded the 95% species protection for slightly to 
moderately disturbed systems. The highest concentration of the sum of PFAS was reported from 
PW122 which is located down gradient of surface water flow from the drainage system at 
Robertson Barracks and Source Area 1. 

• Concentrations of the sum of PFHxS and PFOS exceeding the HBGV for drinking water were 
reported from within Robertson Barracks, the southern drainage channel and Milners Creek. It is 
unlikely that drainage lines and Milners Creek are being used for potable purposes due to the 
availability of scheme water at Robertson Barracks, however, during the May 2018 sampling event 
people were observed swimming in Milners Creek in the southwestern corner of the CTA. 
However, no exceedances of the HBGV for recreational which are used to assess direct contact 
activities such as swimming have been reported from any of the sampling events in surface water. 

• PFOS was detected during the Dry season in SW091 near Milners Swamp with concentrations of 
PFOS exceeding the freshwater guideline values for 99% species protection for high conservation 
value systems. No PFAS compounds were detected in SW091 during the Wet season or SW120 
located further down gradient within Milners Swamp. Concentrations of PFOS were however 
detected above the LOR and therefore also the freshwater guideline values for 99% species 
protection from SW124 to SW126 located further downstream of SW091 in May 2018. PFOS was 
also identified above the LOR and therefore also the freshwater guideline values for 99% species 
protection from SW074 and SW075 in the Dry season and from SW127 in May 2018 located 
within the southern drainage channel and southern tributary of Milners Creek. Concentrations of 
PFOS were not detected in SW074 and SW075 during the Wet season sampling event, similar to 
SW091 indicating that concentrations of PFAS in surface water are higher during reduced flow 
conditions. 

• The detections of PFAS in sediment, pore water and surface water in the southern drainage 
channel and Milners Creek were further assessed in the HHERA for risks to aquatic ecological 
receptors. The risk for direct toxicity via these pathways were indicated to be low and acceptable, 
however, the potential for an elevated risk due to bioaccumulation in the food chain cannot be 
ruled out. 
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3.0 Ongoing Monitoring Program 

3.1 Sampling and Analysis Quality Plan  

To ensure the accuracy of sampling results, a Sampling and Analysis Quality Plan (SAQP) must be 
developed and implemented for each monitoring event. The SAQP must comply with the following 
guidelines and standards or subsequent revisions. 

• National Chemicals Working Group of the Heads of Environment Protection Agencies Australia 
and New Zealand (HEPA), PFAS National Environmental Management Plan (January 2018). 

• National Environmental Protection Council (NEPC), National Environment Protection (Assessment 
of Site Contamination) Amendment Measure (1999, as amended 2013). 

• Australian Drinking Water Guidelines (ADWG), National Health and Medical Research Council 
(NHMRC) (2011).  

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Australian and New 
Zealand Environment Conservation Council (ANZECC) (2000).  

• Australian Standard (AS) 4482.1, Guide to the Investigation and Sampling of Sites with Potentially 
Contaminated Soil, Part 2: Non-volatile and Semi-volatile compounds, Standards Australia (2005). 

• AS 4482.2, Guide to the Sampling and Investigation of Potentially Contaminated Soil, Part 2: 
Volatile Substances, Standards Australia (1999). 

• Department of Health (DoH), Final Health Based Guidance Values for PFAS for use in site 
investigations in Australia, developed by Food Standards Australia New Zealand (FSANZ) (2017). 

• Northern Territory Waste Management and Pollution Control Act (2016). 
• Northern Territory Water Act (2011). 
• National Environment Protection Council (Northern Territory) Act (2004). 
• NSW Department of Environment and Conservation (DEC), Guidelines for the NSW Site Auditor 

Scheme (3rd edition) (2017). 
• NSW Environment Protection Authority (EPA), Designing Sampling Programs for Sites Potentially 

Contaminated by PFAS (May 2017). 
• VIC EPA, Victoria’s Industrial Waste Resource Guidelines (IWRG) Sampling and Analysis of 

Waters, Wastewaters, Soils and Wastes, Publication 701.  
• VIC EPA, Publication 669 - Groundwater Sampling Guidelines (April 2000). 
• WA Department of Environment Regulation (DER), Interim Guideline on the Assessment and 

Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) (January 2017). This 
guidance document is under review and the interim screening levels have been superseded by the 
PFAS NEMP, however, additional detail for sampling of PFAS is included in this document. 

The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 
and justify sampling methods to be used during the monitoring event based on the technologies 
available at the time of monitoring.  

The groundwater, surface water and sediment sampling locations selected for this OMP have been 
considered based on a number of factors as detailed below. 

• PFAS impacted locations: to target sampling locations that have previously reported 
concentrations of PFAS exceeding the adopted screening values and/or the laboratory limit of 
reporting (LOR) to monitor contaminant concentration trends. 

• Lateral delineation sampling locations: to assess whether PFAS impacts are stable or 
increasing in lateral extent including sampling locations up, down and across gradient from 
previously identified PFAS impacts 

• Vertical delineation sampling locations (groundwater only): to assess whether vertical 
migration of PFAS impacts are occurring from the upper portion to the lower portion of the 
Bathurst Island Formation. 
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• Monitoring Area coverage: sampling locations selected to provide coverage across the 
Robertson Barracks and down hydraulic gradient to monitor changes in the distribution of PFAS. 

• Repeatability and reproducibility: in order to monitor trends in PFAS concentrations and 
groundwater levels, sampling locations have also been selected with consideration given to 
accessibility, particularly with regards to the large variances in water levels in drains and Milners 
Creek as well as inundation and flooding previously encountered in the Wet season. Sampling 
locations have therefore, particularly for surface water, also been selected based on ease of 
access during flooding. 

3.2 Groundwater Monitoring Network 

The groundwater monitoring well network for Robertson Barracks is illustrated on Figure 3. There is 
currently a total of 54 monitoring wells across the Monitoring Area, MTR and CTA as well as two 
groundwater abstraction bores at the SBRS which are currently used for potable purposes for Defence 
personnel which will also be sampled as part of this OMP. Although, the SBRS bores are outside of 
the Monitoring Area and analytical testing to date has not identified concentrations of PFAS above the 
LOR, sampling of these two bores is included in this OMP to continue to monitor water supply quality 
at this location. This monitoring well network including the SBRS abstraction bores are summarised in 
the following table. Only a sub-set of these wells have been selected for regular on-going monitoring, 
as discussed in Section 3.4.  
Table 3.1: Well Depth and Screening  

Formation Approximate depth Wells Screened in Aquifer 

(m bgl) Robertson 
Barracks 

CTA/MTR/SDC/ 
SBRS 

Upper portion of Bathurst Island Formation  0 to 27 36 15 

Lower portion of Bathurst Island Formation 27 to 50 2 1 

Wildman Siltstone Formation 50 to >1,000 0 2 

Groundwater monitoring well construction details are provided in Table 1 (attached). They illustrate 
details relevant to sampling including the depth and screened interval for each well.   

3.3 Groundwater Level Gauging 

3.3.1 Frequency 

Gauging of the depth to groundwater in all monitoring wells proposed to be sampled will be 
undertaken biannually to target groundwater highs and lows due to the Dry and Wet seasons typical of 
the regional climate in northern Australia. The end of Dry season sampling must be undertaken in 
approximately September/October when groundwater levels are expected to be at their lowest and the 
end of Wet season sampling in approximately April/May when groundwater levels are expected to be 
highest. The timing of the biannual sampling must be considered for each sampling event based on 
recent rainfall data and weather conditions that may affect groundwater levels and the optimum timing 
for groundwater gauging and sampling. The objective is to confirm earlier findings that groundwater 
flow direction is generally inferred to the east and northeast within the northern and eastern portions of 
Robertson Barracks and to the south and southeast in the southern portion of Robertson Barracks as 
well as to confirm seasonal variability. Groundwater flow direction will be confirmed by groundwater 
gauging and interpretation of the data following each sampling event. The gauging data will also be 
used to further assess seasonal variation, which varied of up to 9.3 m between the Dry and Wet 
season sampling events undertaken as part of the DSI.  
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3.3.2 Methodology 

The groundwater gauging must be undertaken on a biannual basis as detailed in Section 3.3.1 with 
the gauging methodology as follows. 

• Depth to water must be measured with an interface probe. It is not expected that light 
non-aqueous phase liquid (LNAPL) will be detected, but if it is the thickness must be measured 
and the presence of LNAPL confirmed using a bailer. 

• Depth to the base of monitoring well must also be measured with an interface probe. It is not 
expected that dense non-aqueous phase liquid (DNAPL) will be detected, however if it is then the 
thickness must be measured and the presence of DNAPL confirmed using a bailer. 

• The depth to groundwater is to be measured and recorded to the nearest millimetre from the 
highest point or survey mark of the polyvinyl chloride (PVC) standpipe. 

• Gauging records must include the time of day and notes on the condition of the well including the 
potential for blockages where depth to the base of the monitoring well does not correspond to the 
well installation details. 

• The interface probe and any parts of the measuring tape that come into contact with groundwater 
must be decontaminated between each monitoring well to avoid cross contamination as detailed in 
Section 3.4.4.   

3.4 Groundwater Sampling and Analysis 

3.4.1 Sampling Locations and Frequency 

Groundwater samples will be collected from selected monitoring wells biannually as detailed in 
Section 3.3.1 and as outlined in the following table. The proposed sample locations are shown on 
Figure 3 with well installation details in Table 1 (attached). 
Table 3.2: Groundwater Sampling Locations  

Groundwater Wells  

Robertson Barracks CTA/SDC/SBRS Justification 

Shallow Upper Bathurst 
Island Formation: 
MW001, MW004, MW012, 
ROBMW01, ROBMW07 
and 103MW02 
Lower Bathurst Island 
Formation: 
MW004D and MW0012D 

Shallow Upper Bathurst 
Island Formation: 
CTA – MW018, MW021, 
MW023, MW031 and MW032 
SDC – MW029 and MW030 
Lower Bathurst Island 
Formation: 
MW0021D 
Point of use sampling at 
SBRS and Wildman 
Siltstone Formation: 
SBRS1 (OSP002_Bore01) 
and SBRS2 
(OSP002_Bore02) 

Monitoring wells are located at Source Areas 1, 2 or 3 where 
PFAS impacts have been identified and down gradient of these 
locations and/or on boundaries, or adjacent to potential drainage 
discharge to provide an indication of concentrations of PFAS in 
source areas and along down gradient boundary locations. 
Selected monitoring wells have also been included up gradient 
boundaries of identified source areas to monitor potential 
changes in the extent of PFAS.  
Groundwater seepage velocity suggests migration is to likely be 
at a low rate and therefore more frequent monitoring is not 
required. 
Monitoring wells in the CTA and southern drainage channel 
provide an indication of extent of potential migration from 
Robertson Barracks to adjacent land, however, groundwater 
impacts have not been identified in the CTA to date. 
Point of use locations are the two groundwater abstraction bores 
at the SBRS to the north of the Monitoring Area to monitor water 
quality from the Wildman Siltstone Formation that is used by 
Defence for potable purposes.  



 
Ongoing Monitoring Program 
 

d13412_009_omp_rev 4 
 14 

Senversa understands that 103MW02, ROBMW01 and ROBMW07 are currently part of an 
environmental monitoring program undertaken in behalf of Defence on a bi-annual basis. At present, 
only 103MW02 is monitored for PFAS which must be extended to include ROBMW01 and ROBMW07. 
Should these wells be sampled as part of the Defence program, then these results must be 
incorporated into the monitoring undertaken as part of this OMP. 

This schedule may be revised following completion of sampling events conducted in accordance with 
this OMP and review of the results. For example, if PFAS is detected in monitoring wells where not 
previously detected, this may result in additional sampling of those locations and/or surrounding 
locations. 

3.4.2 Sampling Methodology 

Groundwater sampling must be undertaken in accordance with the guidance provided in the following 
publications or subsequent revisions with particular attention to recent guidance that includes specific 
methodology for the sampling of PFAS. 

• HEPA, PFAS National Environmental Management Plan (January 2018). 
• NSW EPA, Designing Sampling Programs for Sites Potentially Contaminated by PFAS (May 

2017). 
• VIC EPA, Victoria’s Industrial Waste Resource Guidelines (IWRG) Sampling and Analysis of 

Waters, Wastewaters, Soils and Wastes, Publication 701.  
• VIC EPA, Publication 669 - Groundwater Sampling Guidelines (April 2000). 

Sampling methodology must be undertaken in accordance with the PFAS NEMP with additional detail 
for sampling of PFAS also included in WA DER, Interim Guideline on the Assessment and 
Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) (January 2017) which is 
currently under review following release of the PFAS NEMP. 

The general methodology is summarised as follows. 

• Gauging of the water level prior to sample collection. 
• Purging of groundwater until field measurements of water quality parameters has stabilised within 

specified limits unless sampling is undertaken using hydrasleeves, then one set of water quality 
measurements must be collected following sample collection.  

• Water quality parameters recorded regularly during purging. 
• Collection of groundwater samples into laboratory supplied vessels. If a pump is used to collect 

sample, a low water discharge rate is required to minimise agitation and reduce turbidity of the 
sample. 

If groundwater yield is not sufficient to allow drawdown to be minimised in accordance with EPA 
guidelines (i.e. it is not possible to achieve a stabilised water level), consideration must be given to a 
suitable alternative method to achieve a representative sample of groundwater.  

3.4.3 Purge Water Collection and Disposal 

The OMP proposes to use hydrasleeves for groundwater sampling, where possible, which reduces the 
volume of purged water compared with other sampling methods. Any excess groundwater generated 
from purging and sampling groundwater wells must be collected for disposal by a licensed waste 
disposal contractor in accordance with regulations at the time of sampling. The water may need to be 
temporarily stored at Robertson Barracks prior to collection and disposal. 
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3.4.4 Avoidance of Cross Contamination 

Procedures to minimise the potential for cross contamination must be included in the SAQP and must 
include the following. 

• Sampling groundwater monitoring wells in the following order. 

 Sampling all of the monitoring wells where PFAS impacts have not been reported first. 
 Sampling all monitoring wells where PFAS impacts have been reported with 

consideration of lowest concentrations to highest concentrations (also dependent on 
access and logistics). 

• The use of dedicated, disposable sampling consumables. Disposable equipment must not be 
re-used between wells. The equipment used must be of a material that will not cause PFAS 
contamination of the groundwater. 

• Decontamination of re-usable equipment to be completed in accordance with PFAS NEMP. This 
can include the use of confirmed PFAS-free decontamination solutions for an initial wash and 
must include a triple rinse with appropriate PFAS-free water. Laboratory supplied PFAS-free 
deionised water must be used or where tap water is used for decontamination purposes, the tap 
water must also be tested to ensure it is PFAS-free prior to use for decontamination purposes. 

• The use of dedicated, PFAS free, disposable gloves that are replaced between purging and 
collection of each sample. 

3.4.5 Sample Handling and Transport 

Samples collected must be immediately stored on ice that is double bagged in a chilled esky and 
transported under chain of custody protocols. No ice bricks are to be used as these may contain PFAS 
containing materials. 

3.4.6 Groundwater Analysis 

A NATA accredited laboratory for PFAS analysis must be used for the monitoring rounds. 
Consideration must be given to consistency of primary and secondary laboratories between previous 
and future sampling rounds to ensure repeatability and reproducibility of results for comparative 
purposes. 

All groundwater monitoring well samples including samples from the two abstraction bores at SBRS, 
including quality control samples, must be analysed for the extended suite of 28 PFAS compounds. 
The analysis must be undertaken using the standard limits of reporting which currently range between 
0.01 and 0.1 µg/L, ensuring that screening levels to be adopted for groundwater are achieved, where 
possible. The list of PFAS generally included in the extended suite is included in Appendix A. It 
should also be noted that a revised PFAS analytical suite may be released subsequent to this OMP. 
Should this occur, the revised PFAS analytical suite must be adopted.

3.4.7 Groundwater monitoring well decommissioning 

Groundwater monitoring wells that are no longer required as part of this OMP must be retained as a 
contingency measure should additional delineation be required during the initial two year 
implementation period. Should monitoring wells be located within areas for construction or 
development works during this period, Defence should be contacted to assess whether wells should 
be decommissioned to prevent potential preferential pathways for the migration of PFAS. Should 
monitoring wells be identified for decommissioning, this must be undertaken in accordance with the 
National Uniform Driller Licensing Committee (NUDLC) (2012) Minimum Construction Requirements 
for Water Bores. 
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3.5 Surface Water and Sediment Sampling and Analysis 

3.5.1 Sampling Locations and Frequency 

Surface water samples are to be collected biannually (Wet season and Dry season as detailed in 
Section 3.3.1) with sediment samples collected annually (Wet season) from selected sample locations 
as outlined in the following table.  The proposed sample locations are shown on Figure 4 with 
positional coordinates provided in Table 2 (attached). 
Table 3.3: Surface Water and Sediment Sampling Locations  

Sample Locations  

Robertson Barracks Southern drainage 
channel and CTA 

Justification 

SW001, SW007, 
SW023, SW028 and 
SW059 

Southern drainage 
channel: 
SW075 
CTA: 
SW086, SW091 and 
SW123 

Bi-annual monitoring to be completed at higher flow (Wet season) and 
lower flow (Dry season) conditions broadly consistent with previous 
rounds, to establish seasonal concentration trends. 
Select locations within Robertson Barracks that target key source area 
contributions to drainage system and spatial extent and recorded PFAS 
concentrations in previous sampling.   
Select locations to monitor other areas of Robertson Barracks to target 
down gradient of main drainage lines. 
Southern drainage channel – the sampling location selected for this area 
should be accessible to provide repeatability and reproducibility in this 
area which can be difficult to access. 
CTA – selected sampling locations either where PFAS impacts have been 
identified or to provide coverage along Milners Creek. Sampling locations 
selected for this area should also be accessible to provide repeatability 
and reproducibility in this area which can be difficult to access.  

SD001, SD007, SD023, 
SD028 and SD059 

Southern drainage 
channel: 
SD075 
CTA: 
SD086, SD091 and 
SD123 

Sediment concentrations are not expected to change significantly 
seasonally (like surface water), however, distributions may be expected to 
change after high flow seasons and therefore annual monitoring is 
recommended. Sediment sampling must be undertaken in the Wet season 
sampling event when sediment is more likely to be present in drainage 
lines at Robertson barracks and generally more accessible. 
Select locations within Robertson Barracks that target key source area 
contribution to drainage system, or where PFAS concentrations have 
previously been identified. 
Select locations to monitor other areas of Robertson Barracks to target 
down gradient of main drainage lines. 
Southern drainage channel – the two sampling locations selected for this 
area should be accessible to provide repeatability and reproducibility in 
this area which can be difficult to access. 
CTA – selected sampling locations either where PFAS impacts have been 
identified or to provide coverage along Milners Creek. Sampling locations 
selected for this area should also be accessible to provide repeatability 
and reproducibility in this area which can be difficult to access. 

This schedule may be revised following completion of sampling events conducted in accordance with 
this OMP and review of the results.   

It is noted that some locations may not have sufficient surface water and/or sediment to sample during 
the Dry season. Where that is the case the condition of the location will be recorded. In order to obtain 
samples during the Wet season, the timing of biannual monitoring may be adjusted or complemented 
by additional sampling events for locations that are generally dry. 
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Consideration will also be given to sampling after flooding and/or heavy rainfall events including 
cyclones, which may mobilise impacts generated from overland flow from source areas. These shall 
nominally comprise rainfall events of 1 Exceedance per Year (EY) rainfall depth (120 mm) in 24 hours2 
or greater. Sampling shall be undertaken as soon as practicable following the event, ideally within 72 
hours subject to health and safety considerations. 

3.5.2 Sampling Methodology 

Surface water and sediment sampling must be undertaken in accordance with the guidance provided 
in the following publications or subsequent revisions with particular attention to recent guidance that 
includes specific methodology for the sampling of PFAS. 

• Australian Standard (AS 4482.1) Guide to the investigation and sampling of sites with potentially 
contaminated soil, Part 1: Non-volatile and semi-volatile compounds (2005).  

• Australian Standard (AS 4482.2) Guide to the Sampling and Investigation of Potentially 
Contaminated Soil, Part 2: Volatile Substances (1999). 

• CSIRO, Sediment Sampling, Sample Preparation and General Analysis (2016). 
• HEPA, PFAS National Environmental Management Plan (January 2018). 
• NSW EPA, Designing Sampling Programs for Sites Potentially Contaminated by PFAS (May 

2017). 
• VIC EPA, Victoria’s Industrial Waste Resource Guidelines (IWRG) Sampling and Analysis of 

Waters, Wastewaters, Soils and Wastes, Publication 701.  
• WA DER, Interim Guideline on the Assessment and Management of Perfluoroalkyl and 

Polyfluoroalkyl Substances (PFAS) (January 2017). This guidance document is under review and 
the interim screening levels have been superseded by the PFAS NEMP, however, additional detail 
for sampling of PFAS is included in this document. 

Samples must be collected directly into laboratory supplied sampling containers suitable for PFAS 
analysis, as per the following methodology. 

Surface water 

• Direct collection of surface water away from the edge of the water body and from approximately 
0.1 m below the water surface and 0.1 m above the drain/creek bed (where practicable) into a 
laboratory supplied bottle for PFAS analysis. The bottle opening must be pointed down to avoid 
the collection of surface films. 

• A bottle holder with extending arm may be used where it is not possible to reach the surface water 
otherwise. 

• Water quality parameters must be recorded after sampling. 

Sediment 

• Sediment samples must be collected using gloved hand grab samples, where possible to avoid 
the potential for cross-contamination. Sediment must then be transferred directly into laboratory 
supplied sample jars using dedicated, disposable nitrile gloves for each sampling location. Where 
this sampling methodology is not possible, a hand trowel or shovel must be used which will be 
decontaminated after use at each sampling location using a wash and rinse with potable water 
and a scrubbing brush, followed by a dual rinse with deionised water to reduce the potential for 
cross-contamination.  

• Sediment samples must be collected from the sediment/water interface (0.0 to 0.1 mbgl) from 
areas which are subject to inundation the majority of the time, where practicable.  

• Soil logging of the sediment encountered at each sampling location must be undertaken in 
accordance with the Unified Soil Classification System (USCS) and AS1726:2017. 

• Quality assurance/quality control (QA/QC) samples will be collected at a minimum of 1 in 10 
primary samples in accordance with the PFAS NEMP (HEPA, 2018). An equipment rinsate 
sample will be collected each day where a hand trowel is used by pouring deionised water over 

                                                           
2 Bureau of Meteorology (BOM) 2016 Rainfall IFD Data System, coordinates 12.4392S and 130.9826E, accessed 10 October 
2016. 
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the hand trowel and collecting the rinsate for laboratory analysis to monitor risks associated with 
cross-contamination. A rinsate blank will also be collected from a nitrile glove from each box of 
gloves used to rule out cross-contamination from gloves. A trip blank will also be submitted for 
analysis per day of sampling. 

• A global positioning system (GPS) device will be used in the field to establish the targeted 
sediment and surface water locations. The accuracy of such a method must be within +/- 3 to 5 m 
of the location coordinates, unless cloud cover or poor coverage reduces satellite accuracy. 

3.5.3 Avoidance of Cross Contamination 

Procedures that must be employed to minimise the potential for cross contamination include the use of 
dedicated, PFAS free, disposable equipment between each sample collected, where possible in 
accordance with the PFAS NEMP (HEPA, 2018). 

3.5.4 Sample Handling and Transport 

Samples collected must be immediately stored on ice that is double bagged in a chilled esky and 
transported under chain of custody protocols. No ice bricks are to be used as these may contain PFAS 
containing materials. 

3.5.5 Surface Water and Sediment Analysis 

A NATA accredited laboratory for PFAS analysis must be used for the monitoring rounds. 
Consideration must be given to consistency of primary and secondary laboratories between previous 
and future sampling rounds to ensure repeatability and reproducibility of results for comparative 
purposes. 

All surface water samples, including quality control samples, must be analysed for the extended suite 
of 28 PFAS compounds. Standard limits of reporting are to be 0.01 to 0.1 µg/L ensuring that screening 
criteria to be adopted for surface water are achieved, where possible. The list of PFAS generally 
included in the extended suite are outlined in Section 3.4.6. 

3.6 Quality Assurance 

The data QA/QC procedures to be adopted must provide a consistent approach to evaluation of 
whether the data quality objectives (DQOs) required by the project have been achieved.  The process 
focuses on assessment of the useability of the data in terms of accuracy and reliability in forming 
conclusions on the condition of the element of the environment being investigated. 

The QA/QC approach must be based on guidance from the following sources. 

• HEPA (2018) PFAS NEMP.  
• Australian Standard (AS) 4482.1-2005 Guide to the investigation and sampling of sites with 

potentially contaminated soil, Part 1: Non-volatile and semi-volatile compounds. Part 2??? 
• NEPC (1999) NEPM as amended 2013.  
• United States Environmental Protection Agency (US EPA) (2000) Guidance on Systematic 

Planning Using the Data Quality Objectives Process EPA QA/G-4.  
• US EPA (2002) Guidance on Environmental Data Verification and Data Validation EPA QA/G-8. 
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The DQOs with respect to the seven step process are outlined in Table 3.4 with the field and 
laboratory data QA/QC elements in Table 3.5. 

Table 3.4: DQO Process  

DQO Seven-step Process 

1. State the problem. 
Concentrations of PFAS exceeding adopted screening levels have been detected in groundwater, surface water and 
sediment within the Monitoring Area including the southern drainage channel and in Milners Creek located outside of 
Robertson Barracks. These elevated concentrations are not considered to pose a significant risk to human health from 
recreational direct contact, however are contributing to a potentially elevated risk for ecosystem receptors and the potential 
consumption of fish and molluscs by humans. Furthermore, the concentration trends in surface water, sediment and 
groundwater are not well understood based on the available monitoring data.  

2. Identify the decision/goal of the study. 
The goal is to monitor the nature and extent of PFAS impacts and identify trends and changes to PFAS impacts in the 
environment within the Monitoring Area that may alter the understanding or assessment of identified risks into the future i.e: 
• Are concentrations of PFAS increasing? Are further management and monitoring actions required? 
• Are concentrations of PFAS decreasing? Are management and monitoring options still required?  

• What is the net effect of management measures implemented by Defence? Are the adopted measures sufficient? 

3. Identify the information inputs. 
The primary inputs are considered to be: 

• PFAS concentrations in groundwater, surface water and sediment. 
• Groundwater standing water level (SWL) which informs the inferred groundwater flow direction within the aquifer.  

• Weather conditions preceding sampling events, particularly rainfall events which affects groundwater levels. 
• Site status and land use scenarios and whether conditions and uses have changed. 

• Key inputs to the decisions also include field observations and measurements, sample collection, preservation, 
storage, transportation and documentation for each media of concern, analytical methods, field and laboratory QA/QC, 
validation data obtained from the laboratory analysis. 

4. Define the boundaries of the study. 
Ongoing monitoring will be undertaken within the Monitoring Area as spatially defined on Figure 1 and temporally defined by 
the two year implementation period of this OMP which includes regular reviews following receipt and interpretation of data 
from each biannual sampling event. 

5. Develop the analytical approach/decision rules. 
The data will be used to assess whether PFAS impacts as a result of historical use of AFFF at Robertson Barracks have 
changed in nature and extent which may alter the understanding or assessment of identified risks into the future to human or 
ecological receptors.   

The useability of the data will be assessed in terms of accuracy and reliability in forming conclusions on the concentrations 
within the samples collected, based on guidance from the relevant sources listed above. The data quality indicators (DQI), 
measures and acceptance criteria to be adopted for monitoring must be outlined in the SAQP to be developed for each 
monitoring round. 

It is required that, as a minimum, the following type and frequency of quality control samples be collected. 

• Field duplicates and triplicates (intra laboratory and inter laboratory) samples at a rate of at least 1 in 10 for each 
environmental media as per the PFAS NEMP. 

• Equipment rinsate blanks where equipment decontamination will be necessary (e.g. groundwater sampling on the 
interface probe) at a rate of one per day per set of equipment as well as field blanks to assess potential cross-
contamination during sampling activities and in transit. Should equipment not be decontaminated, e.g. for sediment 
sampling with dedicated, disposable gloves, a rinsate blank must be collected by pouring laboratory supplied rinsate 
water suitable for PFAS analysis over a clean, nitrile glove to assess the potential for cross-contamination should the 
gloves contain PFAS. 

As part of the reporting, the results of the monitoring must be used to assess trends using an appropriate statistical approach 
such as Mann-Kendall methods, or similar, to identify increases, declines or stabilisation of concentrations across monitoring 
rounds. 
The decisions to be made from investigation results include the following. 
• If detections of PFAS be reported in field blanks or rinsate blanks, then consider if there is a potential for cross-
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DQO Seven-step Process 

contamination between sample locations and what impact this has on conclusions of trends. 

• If PFAS concentrations are reported above the HBGV for recreational use from sampling locations in Milners Creek and 
if access restrictions (fencing) have been ineffective, then re-assess the PMAP management responses to remove the 
potentially complete pathway. 

• If PFAS concentrations are reported above the HBGV for drinking water from either of the abstraction bores at SBRS, 
then assess management controls regarding groundwater use in the area and consider further risk assessment of 
potential exposure pathways associated with groundwater use.   

6. Specify performance or acceptance criteria. 
Adopted screening criteria will be used to provide a screening level of results obtained during sampling and assess whether 
risk revision is required. The laboratory limits of reporting (LOR) where possible will be below the relevant screening value. 
Where this is not achievable with an appropriate level of certainty, any results equivalent to or above the LOR will be 
assumed to be an exceedance of the screening value. 

A data validation checklist with specific acceptance criteria and discussion of results must be documented and reviewed as 
part of the SAQP development. 

At the end of the initial monitoring period, reporting must assess trends in concentrations.  This must include development 
and use of statistical based decision criteria to assess the significance of trends.  Where significant trends are identified, the 
requirement for further assessment and/or management (in the case of an increasing trend) or cessation of monitoring (in 
the case of a decreasing trend) will be assessed.  

7. Develop the plan for obtaining data. 
The overarching scope and methodology is provided in this OMP. Prior to each sampling event, a SAQP must be developed 
which assesses the appropriateness of sample locations, sampling methodologies and risk screening/assessment criteria. 
The SAQP is to outline the optimum manner to collect the data required to meet the objectives for the assessment and which 
will meet the project DQOs.  

 

Table 3.5: QA/QC Elements  

QA/QC Element Comments 

Analytical Laboratories  All methods to be used will be accredited by the National Association of Testing Authorities 
(NATA) by both the primary and secondary laboratories. Analytical testing must be undertaken in 
accordance with the requirements of Defence Guidance Document E – Standard PFAS Analytical 
Suite for Detailed Site Investigations (21 March 2018). 

Turnaround Times  Standard laboratory turnaround times will be requested for all samples submitted for analysis. 

Field record sheets Legible accurate records of all sampling locations, water quality parameters, photographic records 
of samples. 

QA/QC Procedures The QA/QC procedures applied will include the use of equipment decontamination, chain of 
custody documentation, laboratory data verification and the use of quality control samples in 
accordance with the PFAS NEMP (HEPA, 2018).  
It is required that, as a minimum, the following type and frequency of quality control samples be 
collected. 

• Field duplicates and triplicates (intra laboratory and inter laboratory) samples at a rate of at a 
minimum of 1 in 10 for each environmental media for the full suite of 28 PFAS compounds as 
per the PFAS NEMP. 

• Field blanks at a rate of one per day to assess potential cross-contamination during sampling 
activities and in transit. 

• Equipment rinsate blanks where equipment decontamination will be necessary (e.g. 
groundwater sampling on the interface probe) at a rate of one per day per set of equipment 
to assess the potential for cross-contamination from reuseable equipment and the 
effectiveness of decontamination procedures. Should equipment not be decontaminated, e.g. 
for sediment sampling with dedicated, disposable gloves, a rinsate blank must be collected 
by pouring laboratory supplied rinsate water suitable for PFAS analysis over a clean, nitrile 
glove to assess the potential for cross-contamination should the gloves contain PFAS. 
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4.0 Reporting Requirements 

4.1 PFAS Screening Values 

PFAS screening values have been adopted for groundwater and surface water from the PFAS NEMP 
(2018) and the Final Health Based Guidance Values for PFAS for use in site investigations in Australia 
developed by Food Standards Australia New Zealand (FSANZ) and published by the Department of 
Health (2017). As recommended in the PFAS NEMP, criteria for protection of 99% of freshwater 
species are to be adopted.  The adopted screening values are specified below.  

Table 4.1: Current Relevant Screening Values  

Water Quality Indicator Ecological Receptors   Recreational Users   Drinking Water 

PFOS 0.00023 µg/L* NA NA 

PFOS/PFHxS NA 0.7 µg/L 0.07 µg/L 

PFOA 19 µg/L 5.6 µg/L 0.56 µg/L 

NA – Not applicable for identified receptors  
* This value is below the standard laboratory limit of reporting, therefore, a detection of PFOS equivalent to or above the LOR will be 
considered an exceedance. 

It should be noted that a revised PFAS NEMP may be released subsequent to this OMP. Should this 
occur, and the screening values be updated, the revised values must be adopted for future 
assessment. 

4.2 Reporting of Results 

After each monitoring event, the information and laboratory data collected as part of the works will be 
documented and reported to Defence.  

The data set will be reviewed at the end of each 12-month monitoring period. An interpretative report 
is to be drafted, including recommendations for any potential changes in the location and frequency of 
sampling, with consideration to the points contained in Section 5.2. 

4.2.1 Interpretative Report 

The annual report should include, as a minimum: 

• Field works completed (including scope unable to be achieved, such as monitoring well access. 

• Description of the sampling methodology. 

• Compliance with the requirements of the SAQP and meeting stated objectives of the OMP. 

• Findings from well gauging including any changes with the monitoring well network including 
access and damage issues. 

• Relevant figures depicting sampling locations and site-specific hydrogeological features. 

• Laboratory results and analysis including comparison with relevant screening criteria identified in 
Section 4.1. 

• Assessment and commentary on appropriate QA/QC procedures. 

• Data interpretation including trends in groundwater concentration, gradient and flow directions.  

• Assessment of statistically based trends that may inform decision making (refer to Section 5.3). 
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• Provision, at a minimum, of groundwater sampling forms, laboratory analytical certifications and 
calibration certificates. 

4.2.2 Stakeholder Engagement 

Analytical results from each monitoring round will be provided to the relevant state or territory 
regulator, including the annual interpretative report.  

Where off-site residential sampling is proposed, a separate letter will be produced to provide to the 
resident with the analytical results of the monitoring event and assessment against relevant guideline 
values.            
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5.0 Review and Update 

This section of the OMP details uncertainties in investigation, monitoring and management that may 
require consideration of contingency measures and/or reassessment of risk with changes in conditions 
including necessity for additional investigations. 

5.1 Monitoring of Management Measures 

The OMP will monitor changes in the nature and extent of PFAS impacts in groundwater, surface 
water and sediment over an initial implementation period of two years. 

Each Remedial Action Plan developed for identified management options within the PMAP will require 
an individual monitoring plan with appropriate objective and success measures as relevant to 
monitoring of that action. 

5.2 Triggers for OMP Review 

The OMP will be reviewed regularly. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values provides an 
evidence base for targeted and effective risk management of PFAS contamination to protect human 
health and environmental receptors currently impacted by PFAS. 

Changes in our understanding of these risks, triggered by this data assessment may inform: 

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

• changes detected through the implementation of the OMP may inform a number of risk-
management decisions including: 

 additional investigations  
 re-assessment of one or more remediation or containment actions 
 additional remediation or containment actions 
 changing risk management actions at receptor level (e.g.  provision or cessation of 

alternate drinking water supplies) 
An update to the OMP may also be triggered by policy changes or through stakeholder engagement 
activities including:  
• changes to State/Territory advice on types of exposure-minimisation behaviours (e.g., 

consumption of home produce or seafood). 
• changes to State/Territory advice on boundaries of a designated management area and the 

management zones within. 
• changes or refinements to the monitoring network, frequency and parameters. 
• feedback and information received as a result of on-going community consultation. 
• any significant changes of land use which may occur in the area within the Monitoring Area or 

adjoining land. 
• changes to Defence’s strategic approach to managing PFAS contamination. 
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5.3 Monitoring Potential Future Risks 

The DSI identified potential source areas with subsequent groundwater and surface water transport 
pathways. Fluctuations in concentrations of contaminants in surface water or the migration of PFAS 
impacts in surface water or groundwater may change the risk profile for the site. Should site conditions 
change that may alter the exposure scenarios, such as a change in use of groundwater, the risk profile 
would also be affected. These scenarios would require additional monitoring and assessment of risk 
that may trigger additional management.   

Should ongoing monitoring results indicate that surface water or groundwater conditions have 
significantly changed, qualitative assessment of the significance of these changes must be undertaken 
to assess whether the risk profile has changed within the Monitoring Area and whether additional 
management measures, a review of the practicability of management measures, or a revision of the 
risk assessment is required.  

The DSI and HHERA have identified a number of aspects that, while they do not affect decisions 
regarding the presence (or potential presence) of unacceptable risk and subsequent management 
measures, may warrant further investigation so that management controls can be reduced or altered if 
required.  This may include further investigations to refine the spatial extent of sources or extent of 
contamination.  Where further investigations are completed, a review of this OMP must be undertaken 
and updated where these locations are considered to require monitoring of potential risks into the 
future. 

5.4 Document Review Frequency 

The OMP will be reviewed on a regular basis regularly. The review frequency will be based on site-
specific characteristics and the existing data and trends available. The review frequency may be 
revised during the implementation period as more data becomes available. 

Based on the current understanding and existing data, this OMP must be implemented for an initial 
two year period, and subsequently revised if the monitoring reports trigger this change.  

5.5 Existing Knowledge 

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

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

This OMP must be subsequently updated in light of the considerations outlined in Section 5 as well as 
reviews and updates to the PMAP to ensure the document is current and its recommendations valid. 
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Figure 1: Site Location 

Figure 2: Source Area Locations 

Figure 3: Groundwater Monitoring Network 

Figure 4: Surface Water and Sediment Monitoring Network 
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Table 1: Well Installation Details
Robertson Barracks
Department of Defence
D13412

Easting Northing Top of 
Casing 

Existing 
Surface

Total 
Well 

Depth

Total 
Well 

Depth

Casing 
Height

Screen 
Interval Well Condition

(MGA) (MGA) (mAHD) (mAHD) (mBTOC) (mBGL) m (mBGL)

103MW02 Robertson Barracks Upper Bathurst Island Formation Flush 715327.90 8624669.41 23.190 NK 12.00 12.00 0.000 1.5 to 12.0 Good
103MW03 Robertson Barracks Upper Bathurst Island Formation Flush 715295.31 8624740.53 22.830 NK 15.00 15.00 0.000 1.5 to 15.0 Gatic cover broken
104MW02 Robertson Barracks Upper Bathurst Island Formation Flush 715178.71 8623175.15 26.690 NK 5.80 5.80 0.000 0.8 to 5.8 Good
ROBMW01 Robertson Barracks Upper Bathurst Island Formation Stickup 715486.43 8625341.737 19.500 NK 12.00 12.00 0.000 1.0 to 12.0 Good - blockage reported at 6.1 mbtoc in May 2018
ROBMW07 Robertson Barracks Upper Bathurst Island Formation Stickup 715108.06 8623047.02 26.560 NK 17.00 17.00 0.000 2.5 to 17.0 Good

MW001 Robertson Barracks Upper Bathurst Island Formation Stickup 715505.57 8622822.33 24.370 23.710 7.71 7.05 0.660 1.5 to 7.5 Good
MW002 Robertson Barracks Upper Bathurst Island Formation Stickup 714878.24 8623014.47 26.640 25.880 8.76 8.00 0.760 2.0 to 8.0 Good
MW003 Robertson Barracks Upper Bathurst Island Formation Stickup 714016.90 8623165.81 26.820 26.070 9.86 9.11 0.750 3.0 to 9.0 Good
MW004 Robertson Barracks Upper Bathurst Island Formation Stickup 715256.60 8623189.56 26.780 26.050 8.73 8.00 0.730 2.0 to 8.0 Good

MW004 Deep Robertson Barracks Lower Bathurst Island Formation Stickup 715256.78 8626187.99 26.780 26.050 30.80 30.07 0.730 27.0 to 30.0 Good
MW005 Robertson Barracks Upper Bathurst Island Formation Flush 715364.86 8623330.45 26.250 26.330 7.62 7.70 -0.080 1.6 to 7.6 Good
MW011 Robertson Barracks Upper Bathurst Island Formation Flush 715245.24 8624659.83 23.160 23.240 7.93 8.01 -0.080 2.0 to 8.0 Good
MW012 Robertson Barracks Upper Bathurst Island Formation Stickup 714958.53 8624633.44 30.650 30.060 10.67 10.08 0.590 2.0 to 10.0 Good

MW012 Deep Robertson Barracks Lower Bathurst Island Formation Stickup 714959.90 8624632.46 30.770 30.060 30.90 30.19 0.710 27.0 to 30.0 Good
MW018 CTA Upper Bathurst Island Formation Stickup 715613.47 8623385.67 25.570 24.900 8.71 8.04 0.670 2.0 to 8.0 Good
MW021 CTA Upper Bathurst Island Formation Stickup 715707.15 8624613.08 18.030 17.300 8.72 7.99 0.730 2.0 to 8.0 Good

MW021 Deep CTA Lower Bathurst Island Formation Stickup 715707.09 8624611.41 17.990 17.300 30.82 30.13 0.690 27.0 to 30.0 Good
MW023 CTA Upper Bathurst Island Formation Stickup 715998.31 8625057.75 12.160 11.500 6.75 6.09 0.660 2.0 to 6.0 Good
MW029 Southern drainage channel Upper Bathurst Island Formation Stickup 715459.140 8622625.725 25.436 24.732 6.01 5.31 0.704 1.5 to 7.5 Good
MW030 Southern drainage channel Upper Bathurst Island Formation Stickup 715519.142 8622806.908 23.33 23.997 7.5 8.17 -0.667 1.5 to 7.5 Good
MW031 CTA Upper Bathurst Island Formation Stickup 715567.947 8623210.939 25.558 24.895 8.62 7.96 0.663 1.5 to 7.5 Good
MW032 CTA Upper Bathurst Island Formation Stickup 715572.273 8625358.983 19.862 19.173 8.83 8.14 0.689 2.0 to 8.0 Good

SBRS1 (OSP002_Bore01) SBRS Wildman Siltstone Formation Bore tap 715965.270 8631539.210 NK NK NK NK NK NK* Good
SBRS2 (OSP002_Bore02) SBRS Wildman Siltstone Formation Bore tap 715966.180 8631539.200 NK NK NK NK NK NK* Good

Key
NK - Not Known

* Publicly available records indicate one bore was installed with a screen interval between 36.8 and 50.5 mbgl with another screened between 48.0 and 57.0 mbgl 

Monitoring Well Information

Well ID
Well 

Cover 
Type

Survey Data Installation Details

Location Target Aquifer 
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Table 2: Surface Water and Sediment  Sampling Corodinates
Robertson Barracks
Department of Defence
D13412

Eastings Northings

SW001 SD001 Robertson Barracks South east 715217.25 8622868.93
SW002 SD002 Robertson Barracks South east 715153.75 8622843.53
SW006 SD006 Robertson Barracks South west 714642.57 8623005.45
SW007 SD007 Robertson Barracks South west 714423.50 8623039.32
SW008 SD008 Robertson Barracks South west 714316.78 8623102.18
SW011 SD011 Robertson Barracks South west 714019.64 8623320.52
SW023 SD023 Robertson Barracks Central 715215.13 8624216.19
SW028 SD028 Robertson Barracks Central 714368.42 8624585.32
SW058 SD058 Robertson Barracks Eastern boundary 715505.39 8624759.34
SW059 SD059 Robertson Barracks Eastern boundary 715516.28 8624807.52
SW075 SD075 SDC South of site 715496.6473 8622710.176
SW086 SW086 CTA East of RB 716137.44 8623977.70
SW090 SD090 CTA East of RB 716011.00 8624963.37
SW091 SD091 CTA East of RB 716322.07 8625153.71
SW094 SD094 SDC South of site 715318.29 8622771.96
SW122 SD122 CTA East of RB 715581.30 8624892.71
SW123 SD123 CTA East of RB 715941.22 8624964.44
SW124 SD124 CTA Milners Swamp 716368.26 8625227.95
SW127 SD127 CTA CTA 717557.49 8628191.70

Legend
RB = Robertson Barracks
CTA = Closed Training Area
SDC= Southern Drainage Channel

Survey DataSample Location Information

(MGA)(MGA)

AreaLocationSediment Location 
ID 

Surface Water 
Location ID 
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Appendix A: PFAS Analytical Suite 

The list of PFAS currently included in the extended suite are outlined below. 

• Perfluorobutane sulfonic acid (PFBS). 
• Perfluoropentane sulfonic acid (PFPeS). 
• Perfluorohexane sulfonic acid (PFHxS). 
• Perfluoroheptane sulfonic acid (PFHpS). 
• Perfluorooctane sulfonic acid (PFOS). 
• Perfluorodecane sulfonic acid (PFDS). 
• Perfluorobutanoic acid (PFBA). 
• Perfluoropentanoic acid (PFPeA). 
• Perfluorohexanoic acid (PFHxA). 
• Perfluoroheptanoic acid (PFHpA). 
• Perfluorooctanoic acid (PFOA). 
• Perfluorononanoic acid (PFNA). 
• Perfluorodecanoic acid (PFDA). 
• Perfluoroundecanoic acid (PFUnDA). 
• Perfluorododecanoic acid (PFDoDA). 
• Perfluorotridecanoic acid (PFTrDA). 
• Perfluorotetradecanoic acid (PFTeDA). 
• Perfluorooctane sulfonamide (FOSA). 
• N-Methyl perfluorooctane sulphonamide (MeFOSA). 
• N-Ethyl perfluorooctane sulfonamide (EtFOSA). 
• N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE). 
• N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE). 
• N-Methyl perfluorooctane sulfonamidoacetic acid (MeFOSAA). 
• N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA). 
• 4:2 Fluorotelomer sulfonic acid (4:2 FTS). 
• 6:2 Fluorotelomer sulfonic acid (6:2 FTS). 
• 8:2 Fluorotelomer sulfonic acid (8:2 FTS). 
• 10:2 Fluorotelomer sulfonic acid (10:2 FTS). 
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