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GLOSSARY  

 
AEC Area of Environmental Concern 

AFFF Aqueous Film Forming Foam 

ARFF Aviation Rescue and Fire Fighting 

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

CFI Capital Facilities Infrastructure  

CSM Conceptual Site Model 

DIA Darwin International Airport 

DSI Detailed site investigation as identified in section 1.1.1 

ECC Environmental Clearance Certificate 

EPA  Environmental Protection Agency 

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 

FTA Fire Training Area 

GAC Granular Activated Carbon 

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

IRM Interim Response Management 

Management Area The geographical area subject to Defence response actions as 
described in section 1.1.3 

Off-site Off-Base 

On-site On-Base 

PFAS Perfluoroalkyl Sulfonate 

PFHxS Perfluorohexane Sulfonate 

PFOS Perfluorooctane Sulfonate (PFOS) 

PMCA Project Manager/Contract Administrator 

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

PWC Public works committee 

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 1.1.1 

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

SSB Site Selection Board 
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1 INTRODUCTION 

1.1 Purpose 

This PFAS Management Area Plan (PMAP) provides a roadmap for response management by 
Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with RAAF Base Darwin 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 human 
health and ecological receptors from PFAS contamination from Defence property. In doing so, 
Defence prioritises the following combination of measures: 

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

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

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

2. Working to protect the community from exposure while management actions addressing source 
areas and/or migration pathways are underway. 

1.2 Application 

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

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

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

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

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

1.3 Background 

1.3.1 PFAS and its use 

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

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



PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 
 

 7 July 2019 
 

Most people living in developed nations will have some level of PFAS in their body due to their 
widespread use. In September 2017, the Environmental Health Standing Committee (enHealth)1, 
published guidance statements advising that there is currently no consistent evidence that exposure 
to PFAS 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. 

The fully fluorinated compounds (per) do not degrade and are expected to remain in the environment 
for many decades.  The compounds are water soluble, mobile and will tend to migrate with water.  
The strength of adsorption to organic carbon in the soil of different compounds in the group varies 
depending on the number of carbon atoms in the compound.  Long chain compounds (six or more 
carbons) also bioaccumulate in animals.  Due to the mobility, PFAS compounds can be present in 
very large plumes associated with groundwater migration and surface waters.  Organic rich sediments 
may act as ongoing or seasonal sources of PFAS contamination to surface waters through 
resuspension and desorption. 

1.3.2 The nature of PFAS 

PFAS have 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 areas 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.  

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

                                                      

 

 

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

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

1.4.1 PFAS National Environmental Management Plan 

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

The PFAS Response Management Strategy and the requirements of the PMAP template and 
guidance conform to the NEMP.  

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 (RMS) is a high-level strategy document that sets out the 
approach and principles to be applied to PFAS response management. Under the RMS 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 

Guidance to manage a specific risk rather than the set of risks associated 
with a property. These risks will generally emerge during the investigation 

                                                      

 

 

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

phase. Where it is important that the risk be managed before the PMAP is 
in place to avoid or mitigate a significant risk to human health or the 
environment, the IRM guidelines provide a process for developing, 
assessing and recommending options, scalable from community-level 
actions through to PWC referral actions. 

PFAS Construction 
and Maintenance 
Framework 

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

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

Figure 1-1: Defence PFAS response management and implementation map 

 

 

Plate 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 

The PMAP relies on: 

• the Detailed Site Investigation (DSI) of February 2018, conducted by Coffey,  

• the Human Health Risk Assessment (HHRA) of May 2018, conducted by Coffey, 

• the Ecological Risk Assessment (ERA) of October 2018, conducted by Coffey, 

• the Supplementary DSI, of November 2018, conducted by Coffey. 

to inform risk identification and weighting for the Management Area. 
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The key parameters for the PMAP are set out below. 

Management Area The Management Area includes selected areas of RAAF Base 
Darwin, selected portions of the surface water bodies of Rapid 
Creek and Ludmilla Creek, and groundwater containing PFAS in the 
suburb of Ludmilla. The site layout and Management Area covered 
under this PMAP is presented in Figures 1 & 2 included within 
Appendix H.   

Issue/risk identification The DSI, HHRA and ERA identified the following risks related to 
PFAS impact from the Base: 

• Elevated human exposure through direct contact with 
contaminated soils, sediments or waste waters on-Base. 

• Elevated human exposure through consumption of aquatic 
biota from some creeks. 

• Exposure to aquatic ecology. 
• Exposure to terrestrial ecology on-Base. 
• Potential future non-compliance with waste transport 

regulations. 

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

Management timeframe The PMAP includes short, medium and long-term response actions 
(ref section 7.2) which extend beyond the primary implementation 
period to an extended implementation period (for various actions). 

Remediation technology 
status 

The response options in this PMAP consider only proven 
technologies at the appropriate scale, unless otherwise agreed by 
Defence. 
Beyond specific active remediation technologies, the impact of 
construction earthworks, remedial or incidental capping and 
changes in water flow regimes is also considered to have the 
potential to affect the control of PFAS migration. 
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1.6 Guiding principles 

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

• whether an option is proportional to risks 

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

• views of the affected community and the 
jurisdictional regulator 

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

• site specific issues (including transference, 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, after taking into 
account the environmental costs of the solution 

Defence prioritises source management as 
preferable to pathway management and pathway 
management as preferable to receptor management, 
but these components may be progressed 
concurrently. 

1.7 Implementation process 

Defence will undertake project management of the overall PMAP, including monitoring of 
implementation and progressive evaluation (six-monthly intervals in the first year, then annually 
thereafter) of the implementation.  

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

Some interim response actions will be in progress or in the mid-point of approval processes at the 
commencement of this PMAP, having been transitioned from IRM actions (see Section 2.7).  

Other actions under the PMAP will be subject to Defence approval and procurement processes, 
including where relevant, the processes of the Parliamentary Standing Committee on Public Works 
Committee (PWC) processes.   

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 leading to the 
source no longer being present. 

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 including:4 

• for urgent actions that require a rapid response to protect receptors, 
• 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 between the 
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 (SSB) 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  

Where possible, design and siting decisions for all future capital works should consider the potential 
benefits that could be gained in reducing migration of PFAS from the Base. 

1.7.2 Procurement phase 

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

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

                                                      

 

 

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
5 http://www.Defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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1. The primary implementation period applies to actions that can generally be addressed in the 
short to medium term (up to three years – refer to section 7.2). 

2. The extended implementation period commences once the primary implementation period has 
been 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 (such as a water treatment plant), as required. 
• appraisal of developments and technologies for application to stockpiled PFAS impacted soils and 

materials. 

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

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

for PFAS). 

1.7.4 A living document 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 
constantly evolving. There is still a lot that is not established about 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, the Supplementary 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 and updated every six months for the first year, then annually 
thereafter (or earlier if required). As implementation of the PMAP progresses, detailed plans 
supplementary to this PMAP will be prepared (as required) to address the individual management 
actions that have been identified in this PMAP. 

1.8 Constraints and assumptions 

This document has been developed based on the following assumptions: 

• Information collected as part of the investigation works to date including: 
o Detailed Site Investigation (DSI) – PFAS, Coffey, February 2018.  
o PFAS Human Health Risk Assessment (HHRA), Coffey, June 2018. 
o Ecological Risk Assessment (ERA), Coffey, October 2018.  
o Supplementary Detailed Site Investigation, Coffey, November 2018. 

Key assumptions/limitations used in evaluating risks are summarised in the reports noted above.  

• Availability of proven technologies for the successful remediation of PFAS in the environment 
including: 
o Management and remedial technologies summarised in the NEMP (2018) 
o Additional technologies based on successful trials within and outside of Australia (based on 

publicly available information) 
o Technologies that are not considered economically viable or feasible for use at RAAF Base 

Darwin have been excluded (as recommended in NEMP 2018) 
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Figure 1-2: Defence PFAS management process  
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2 PROFILE OF THE MANAGEMENT AREA  

2.1  Management Area description 

RAAF Base Darwin is located on the Stuart Highway approximately seven kilometres from the 
business centre of Darwin, adjacent to the suburbs of Winnellie, Ludmilla, Coconut Grove, Millner, 
Jingili, Moil, Anula, Malak, Karama and the North Lakes Estate. 

The Base encompasses an area of 1,278 hectares bounded by McMillans Road and the Northlakes 
Estate/Marrara Sports Complex to the north, Amy Johnson Avenue to the east, Stuart Highway to the 
south and Bagot Road to the west.  Darwin International Airport (DIA) occupies an area within the 
northwest of the Base.   

The Base is an operational joint civil-military airfield. The Base has administrative, accommodation, 
recreational and operational support facilities as well as technical workshops, aircraft hardstands and 
aircraft pavements. In addition to civil aircraft operations, the airfield supports both Australian and 
international military aircraft operations. Aircraft movement areas (runways and taxiways) are utilised 
by both civilian air operations and Defence.   

The base is connected to town water supply by Power and Water and bore water is not used in the 
operation of the site. 

The Management Area covers all of the Base and discrete areas outside of the Base including the 
surface water system of Rapid Creek and Ludmilla Creek, as well as groundwater beneath part of the 
suburb of Ludmilla, and groundwater under Darwin International Airport (DIA).  Additional off-Base 
sources of PFAS contamination are suspected within the DIA site, and this PMAP is not intended to 
cover management of those sources or associated contamination.  A layout of the Site and 
Management Areas are presented in Figures 1 & 2, included in Appendix H. 

2.2  Management Area setting 
Table 2-1 Management Area Setting 

Aspect Description 

Regional 
meteorology Darwin has a typically tropical climate, with distinct, monsoonal Wet and Dry seasons.  Most 

of the rainfall occurs from November to April (Wet season), although isolated rainfall events 
also occur at the beginning and end of the Dry season. Evaporation is relatively constant with 
peaks during the Wet season build-up. Maximum temperatures also occur during the Wet 
season build-up, and minimum temperatures are reached in July. Mean annual rainfall is 
1,733 mm.  

Topography  RAAF Base Darwin is relatively flat, compared to surrounding land which is gently undulating 
in nature.  It is gently sloping at a height of 10 to 33 m Australian height datum (AHD) across 
a distance of several kilometres and slopes down along the northern and western 
boundaries.  A topographic high runs approximately in line with the main runway and then to 
the north, parallel to Rapid Creek, as shown in the cross-section CSM presented in Appendix 
C. Topography and drainage details are illustrated in Figure 3 (Appendix H). 

Geology and 
hydrogeology The geology underlying the Base comprises the following lithology: 

• Lower Cainozoic aged unconsolidated sands, clayey sands, ferruginous clayey sands 
and soil commonly containing limonite pisolites.  This layer is often described as lateritic 
or ferricrete, and may appear to be gravels.  This layer thickness is variable on the Base 
(based on field observations) and ranges from less than a metre to more than 10 m thick 
in places. 
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Aspect Description 

• Bathurst Island Formation consisting of claystone, sandy claystone, clayey sandstone, 
quartz sandstone, ferruginous sandstone, glauconitic sandstone and conglomerates 
towards the base of the unit. 

• Upper Proterozoic aged Burrell Creek Formation consisting of siltstone, shale, 
sandstone, and quartz pebble conglomerate. The top of this unit was generally 
encountered at depths of 35 metres below the ground. 

There are two aquifer systems underlying and in the vicinity of RAAF Base Darwin   

• The unconfined water table aquifer consists of both the upper lateritic sediments and the 
Bathurst Formation. The two lithologies act as a single aquifer, and no significant 
confining layer is present. Groundwater levels in the upper aquifer may rise to ground 
level during the Wet season due to recharge from surface water infiltration. In the Wet 
season, groundwater is likely to flow through both units, however once groundwater 
levels drop in the Dry season, groundwater flow is predominantly in the Bathurst 
Formation (siltstone).  

• The Burrell Creek Formation aquifer underlies the Bathurst Formation aquifer, and is a 
confined aquifer comprising siltstone, shale, and sandstone and quartz pebble 
conglomerate. 

Standing water levels in the upper unconfined aquifer are subject to significant seasonal 
variation and appear to change by more than 10m between Wet and Dry seasons on the 
northern and western portions of the site, and by approximately 5m in the southern portion of 
the site. 

The groundwater flow direction in the upper unconfined aquifer appears to follow surface 
topography with groundwater flowing to the north (towards Rapid Creek) from the southern 
side of the main runway, to the south (towards Sadgroves and Reichardt Creeks) in the south 
of the Base, and to the west and south west (towards Ludmilla Creek) in the south-west of 
the base.    

Soil landscape 
The soils of RAAF Base Darwin are generally described as red massive earths, with sandy 
loam surface soils present in grassland areas.  These soils have a high iron content (lateritic) 
and a 20 to 50 % gravel content.  They have low clay and organic matter content and hence 
are highly susceptible to erosion. 

Vegetation The area of the Base is predominantly cleared and maintained as an operating facility.  Areas 
of maintained grass and large trees are present in the south western portion of the Base 
around ovals, parks and streets.  Patches of remnant Eucalyptus woodland is present in the 
south eastern and northern parts of the base.  Forests, swamps, and woodlands occur in the 
Marrara Swamp, which forms a large part of the north eastern part of the Base, and in the 
riparian zone of Rapid Creek. 

Management 
Area drainage 

The Base is drained by large open unlined drains, municipal drains and underground piping 
that discharge surface waters into:  

• Rapid Creek on the north and east sides of the Base via Marrara Swamp. Rapid Creek 
is a freshwater stream that is fed by groundwater during the Dry season and flows to the 
north west prior to discharging to Beagle Gulf.  The lower portion of Rapid Creek 
becomes estuarine prior to discharging to the marine environment at the mouth. 

• Sadgroves Creek on the south. Sadgrove creek is an estuarine creek and tidally 
influenced. 

• Ludmilla Creek on the west.  Ludmilla Creek is mixture of freshwater, estuarine and 
marine and flows to the west prior to discharging to Beagle Gulf. 

A small central portion of the Base on the southern boundary discharges to Reichardt Creek. 
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Aspect Description 

Site drainage details are presented in Figure 3 (Appendix H).  

Current and 
projected land 
uses (off-
Base) 

North The Northern portion of the Base is occupied by the Darwin International Airport, 
and associated facilities, with the Marrara Swamp and native vegetation corridor 
surrounding Rapid Creek located further to the North of DIA.   The suburbs of 
Marrara, Malak, Jingili and Millner are located to the north of the base. 

East The areas to the east of the Base are occupied by a mixture of nurseries, small 
farms, residential areas and industrial/commercial zones. 

South The land to the south of the Base is occupied by the Industrial suburb of Winnellie, 
and the Darwin Showgrounds.  The residential suburb of The Narrows is directly to 
the south east. 

West The land to the west of the Base is occupied by the residential communities of 
Bagot and Ludmilla, with the industrial portion of Coconut Grove located to the 
north-west of the Base. 

 

2.3  Management Area scale 

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

Table 2-2 Management Area Scale 

 Characteristics Consequences 

Very 
Large 

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

Base and off-Base 
• Hydrogeological profile facilitates rapid 

migration of contamination 
• Large impacted community 

• PMAP complex 
• Development / implementation 

timeframe: highly extended 

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

Base and off-Base 
• Medium-sized impacted community 

• PMAP moderately complex 
• Development / implementation 

timeframe: extended 

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

on-Base and off-Base 

• PMAP simplified 
• Development / implementation 

timeframe: medium 

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

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

number of sensitive receptors 

• Basic PMAP 
• Development / implementation 

timeframe: medium 

2.4  Extent of PFAS contamination 

The extent of PFAS at the Base (and in off-Base areas) has been defined in detail within the DSI 
(Coffey 2018a) and HHRA (Coffey 2018b).   Inferred groundwater and surface water PFOS + PFHXS 
concentrations are presented in Figures 5a & 6, Appendix H.  Soil analytical results for relevant 
Areas of Environmental Concern (AEC) are illustrated in Figures 9a – 23d included within the DSI 
report (Coffey, 2018a).  A summary of the CSM is provided below.  
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2.4.1 Primary sources 

Source areas have been identified across the Base with respect to the historical storage, usage, 
handling and distribution of legacy AFFF containing PFAS contaminants. The primary source areas 
were investigated as part of the DSI and are illustrated in Figure 2-1 (below) and Figure 4 (Appendix 
H). 

A brief summary of each primary PFAS source area is provided below.  

Table 2-3 PFAS Source Area Summary 

Area ID PFAS Source Area Area affected Soil concentrations 
(PFOS+PFHxS) 

Groundwater 
concentrations 
(PFOS+PFHxS) 

1 Former Fire Training Area 1 
(CSR_NT_000039) 

150 m x 120 m  

Includes a stockpile of 
soils scraped from the 
surface 

0.9 to 70,590 µg/kg 

(maximum ASLP 
concentration of 700 µg/L 
PFOS) 

5 to 79 µg/L. 

2 Former Fuel Farm 5 
(CSR_NT_000043) 

50 m x 50 m <0.05 to 480 µg/kg 0.09 to 67 µg/L  

3 & 4 Former Fuel Farms 4 
(CSR_NT_000044) and 6 
(CSR_NT_000045) 

150 m x 100 m for Fuel 
Farm 4 and  
100 m x 100 m for Fuel 
Farm 6 

<5 µg/kg to 13,000 µg/kg 1.45 to 112 µg/L 

5 AFFF Contaminated Soil 
Stockpiles 
(CSR_NT_000047) 

Approx. 1,300 m3 up to 55,000 µg/kg  
(part immobilised) 

NA 

6 Former ARFF Fire Station 
(CSR_NT_000256) 

150 m x 100 m <5 to 320 µg/kg 0.22 to 820 µg/L 

7 & 8 Hangar 31 
(CSR_NT_000203) and 
Former Fuel Farm 1 
(CSR_NT_000205) 

Approx. 200 mx 250 m <LOR (500ug/kg) to 
28,000 µg/kg 

0.19 to 43.7 µg/L 

9 Former RAAF Fire Station 
(CSR_NT_000255) 

100 m x 100 m 6.6 to 5,036 µg/kg 0.2 to 19.5 µg/L 

10 Former Fire Training Area 2 
(CSR_NT_000091) 

100 m x 100 m. 
Includes a stockpile of 
soils scraped from the 
surface 

8.5 to 30,590 µg/kg 0.21 to 10.8 µg/L 

11 Current (Hot) Fire Training 
Area (CSR_NT_000038) 

300 m x 200 m  

 

1.4 to 39,000 µg/kg 0.73 to 99 µg/L 
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2.4.2 Contaminant mass migration  

To allow the evaluation of the relative contribution from the source areas at the site groundwater, 
surface water and soil data has been used to estimate the annual mass of PFAS migrating from each 
source area, and the mass of PFAS remaining. Mass estimates presented in the table below (Table 
2-4) have been separated to show residual contaminant mass at the source areas, and dispersed 
contaminant mass in the broader system. Further details on residual mass estimated in each source 
area is described in the Supplementary DSI report (Coffey, 2018d).  

The estimates considered concentrations in soil around the source areas above the laboratory 
reporting limit (5 µg/kg) and an area of groundwater impact centred at the source area of between 100 
and 200m diameter depending on the observed concentrations.  A summary of the estimated residual 
mass is shown below and includes an estimate of mass beyond the immediate source areas.  All 
values are approximate and have been rounded.  
Table 2-4 Residual Mass Estimates 

Area 
ID 

Area Estimated residual mass of Total PFAS 
(kg) 

Soil Groundwater Totals 

1 Former Fire training area 1  33 1.5 35 

2 Former Fuel Farm 5  2 1 3 

3 & 4 Former Fuel Farms 4 & 6  10 5.5 15 

5 AFFF Contaminated Soil Stockpiles  20 NA 20 

6 Former ARFF Fire Station 20 30 50 

7 & 8 Hangar 31 and Former Fuel Farm 1  17 3.5 20 

9 Former RAAF Fire Station (Bldg. 558) 2 0.5 3 

10 Former Fire training area 2  20 0.3 20 

11 Current Fire training area  17 6.5 25 

 Diffuse impact across the management area 1 60 333 390 

 Totals 195 380 570 

1 Based on measured and inferred groundwater concentrations beyond source areas within the Management Area, and a 1m 
thickness of soil impacted to 2.5µg/kg across the area with impacted groundwater. 

The mass estimates indicate that less than a third of the total mass of contaminant identified is 
located in distinct source areas that would be potentially recoverable.  Of the source areas identified 
the residual mass estimated at the former Fuel Farm 5 and the former RAAF fire station were very low 
compared to other areas. 

The mass flux was also estimated in the Supplementary DSI report to indicate which source areas 
were contributing the greatest mass of PFAS to receiving waters (Coffey, 2018d). 

• Approximately 70g/day (or 28kg/year) of Total PFAS enters Rapid Creek, based on estimated 
surface water flow rates and concentrations measured at McMillans Road over the course of the 
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investigation. More than half of the PFAS enters Rapid Creek through drains, which collect surface 
water in the Wet season, and intercept groundwater for most of the year.   

• Groundwater mass flux estimates indicate 80% of the mass of PFAS migrating in groundwater is 
sourced from the Former ARFF Fire Station and Former Fuel Farms 4 & 6.  Migration from other 
areas was indicated to be lower due to lower concentrations, lower permeability strata or low 
hydraulic gradient.  

• Approximately 9 kg/year (Total PFAS) is potentially entering Ludmilla Creek through discharge 
from stormwater drains, based on reported concentrations through the year and visual estimates of 
surface water flow rates.  This is considered to be sourced from seepage of groundwater into the 
stormwater drain near source areas on-Base and potentially from leaching of residual impact in the 
concrete drains and hardstands. 

• Mass flux across the southern boundary in groundwater is estimated to be approximately 
500g/year, which ultimately discharges into Sadgroves and Reichardt Creeks.  Tidal flushing in 
these waterways has prevented accumulation and consistently elevated concentrations have not 
been reported in water, sediments or biota in these creeks. 

A summary of the source-pathway-receptor pollutant linkages is presented in Appendix C. 

Figure 2-1: PFAS Source area related to RAAF Base Darwin 

 

2.5  Groundwater use 

A water use survey was issued to neighbouring residents as part of the DSI to determine land and 
water use activities within neighbouring properties. Additional information on water use was obtained 
during site visits throughout the investigation and during community information sessions.  
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Property types in the area include private residences, community spaces and gardens, industrial uses 
and small-scale irrigation (nurseries, fruit trees).  All respondents indicated that they sourced their 
drinking water from the town water supply.  Based on survey results and DENR groundwater bore 
register, there appears to be occasional use of groundwater for domestic irrigation (lawn, fruit and 
vegetables) and irrigation of some commercial or recreational properties.  None of the identified bores 
contained concentrations of PFAS that were unsuitable for the current water use. 

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. 

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

The Northern Territory (NT) Environmental Protection Authority (EPA) requires contaminated site that 
pose or threaten to pose serious or material environmental harm as defines in the Waste 
Management and Pollution Control Act (“the Act”) to be assessed in accordance with the 
requirements for environmental audits in the Act. The NT EPA requires assessment of site 
contamination to be conducted in accordance with the NEPM. 

The Water Act is the primary piece of legislation that governs water resource regulation and 
management in the NT. The objective of the Water Act is “to provide for the investigation, allocation, 
use, control, protection, management, and administration of water resources”. Under the Water Act, 
beneficial uses can be declared for specific water bodies and water quality objectives are established 
to describe the water quality targeted to protect the relevant beneficial uses. 

Relevant legislation in NT 

• Environmental Assessment Administrative Procedures 
• Environmental Protection (National Pollutant Inventory) Objective 
• Environmental Assessment Act 
• Environmental Offences and Penalties Act 
• Northern Territory Environment Protection Authority Act 
• Waste Management and Pollution Control Act 
• Waste Management and Pollution Control (Administration) Regulations 
• Water Act 
• Water Supply and Sewerage Services Act 
• Work Health and Safety (National Uniform Legislation) Act 

2.6  Interim response management actions 

Interim response management (IRM) actions are actions in accordance with the Interim Response 
Management (IRM) Guideline, or preceding that guideline, to provide for necessary avoidance or 
mitigation of risks prior to the completion of the DSI and/or risk assessments.  

The reported concentrations in surface water and fish in Rapid Creek (the freshwater section up-
stream of Trower Road) exceeded screening levels, prompting NT Department of Health to take 

http://www.epa.vic.gov.au/PFAS_NMP
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action to inform the public to limit consumption of aquatic biota until implications were further 
investigated. 

The following IRM actions have been assessed and recommended for continued implementation. 
Appendix B sets out the IRM actions in detail relevant to the Management Area and assesses their 
impact.  

Table 2-5 IRM Actions 

IRM ACTION RECOMMENDATION 
Continue / Terminate REASON 

Provided information to NT EPA and 
NT Health to inform decisions to erect 
signage recommending against 
consumption of aquatic biota from the 
freshwater sections of Rapid Creek 
until investigation complete.  

Continue to support NT 
Health to identify longer-
term health advisories 

The investigation is now sufficiently 
complete to allow dietary advice to be 
prepared for longer-term management 
until environmental levels reduce. 

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

2.7  Stakeholders 

Relevant stakeholders within the Management Area have been categorised into one of three 
categories:  

• Primary – engage 

• Secondary – consult 

• Secondary – inform 

Stakeholders identified within the Management Area and the corresponding engagement response 
actions are detailed in Table 2-6. 

Table 2-6 Relevant stakeholders 

Stakeholder 
participation 

Activity Engagement Stakeholders 

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

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

 Impacted community (community 
members using groundwater in the 
Management Area) 

 NT Department of Health  
 NT Environment Protection Authority 
 Department of Infrastructure  
 NT Department of Environment and 

Natural Resources 
 Department of Chief Minister 
 Darwin International Airport 

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

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

 Lord Mayor of Darwin 
 RAAF Base Darwin 
 Larakia Nation 
 Communities of Bagot, Kulaluk and 

Minmarama 

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

We will keep you informed.  General public 
 Local and state media  
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Water use surveys have been issued throughout the DSI process to relevant stakeholders. Water use 
surveys were initially issued to 7039 properties and hard copies were also made available to 
attendees at each of the community information sessions. The water use survey was also made 
available online. 

Six community information sessions have been conducted as part of the RAAF Darwin PFAS 
investigation, including: 

• 22 March 2017: Project introduction and overview 

• 27 June 2017: Project update and announcement of IA 

• 6 December 2017: Update on progress of the DSI  

• 12 February 2018: Update on progress of the DSI and HHRA and ERA 

• 18 June 2018: Presentation on the HHRA 

• 5 November 2018: Update on the findings of the Supplementary DSI and ERA 
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3 PMAP METHODOLOGY AND APPROACH 

3.1  Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan (HEPA, January 
2018). The Aviation Airports Branch within the Department of Infrastructure, Regional Development 
and Cites have been consulted in the development of the PMAP. The NT Environment Protection 
Authority (EPA), the NT Department of Health, and Chief Ministers Office have also been consulted in 
the development of the PMAP. 

Stakeholder engagement associated with specific response actions recommended through the 
development of the PMAP have been 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 is therefore provided 
separately and has not been subject to 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 
Management Area. Management Area-specific information including:  

• Risk assessments, CSM and DSI; 
• Relevant Commonwealth and State/Territory legislation 
• Feedback from stakeholder consultation (impacted community and jurisdictional regulator) 
• IRM actions undertaken or continuing in the Management Area 
• IRM or PMAP actions undertaken or considered by Defence on other properties 

The management options include  

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

• IRM actions recommended under Section 2.6 for continued implementation are included as 
options for further assessment. 

• Additional investigations required to address uncertainties and data gaps as identified through 
completion of the DSI. 

• Community-level options for further assessment. 
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Identifying information for each option includes the objective and a description of how the objective 
contributes to managing the identified risk. 

3.5  Detailed options analysis (Section 6.2) 

For each risk, the following analysis was undertaken: 

A. Cost / effectiveness / impact analysis 

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

B. Risk-based analysis 

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

C. Defence implications 

12 Defence capability 
13 Project fit 
14 Scalability 

D. Stakeholder impacts, views and consents 

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

E. Comparative analysis 

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

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

3.6  Integrated options analysis (Section 6.3) 

Cost savings and efficiencies may be found by looking for synergies that optimise outcomes, in 
particular: 

• analysing the outcomes of the comparative analysis for each identified risk for synergies in the 
Management Area, and 

• assessing extended implementation actions for suitability in a Base’s existing maintenance 
framework (consultations with Defence) 

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

The recommended PMAP response actions for each identified risk are based on the comparative 
analysis and the integrated analysis from Parts C and D of the methodology. They are supported by a 
comparison of PMAP response action implementation timeframes.  

A recommended sequential implementation schedule was then developed, taking into account: 

• the nature, immediacy, severity, and extent of the consequences identified in the Part A of the 
methodology 

• the comparative options analysis; and 

• the integrated options analysis. 
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4 IDENTIFIED RISKS AND CONSEQUENCES 

4.1 Source / pathway / receptor analysis 

The identification of sources of impact at RAAF Base Darwin and the associated pathways to 
receptors are described in the DSI report (Coffey 2018a) and the Supplementary DSI report (Coffey 
2018d).  Quantification and evaluation of risks related to specific pathways are presented for human 
receptors in the Human Health Risk Assessment (Coffey 2018b) and for ecological receptors in the 
Ecological Risk Assessment (Coffey 2018c).  A figure outlining ecological receptors and habitats is 
presented in the Ecological Risk Assessment and shown on the figures included within Appendix C. 
The source areas are shown on Figure 4 (Appendix H) and migration pathways and receptor groups 
are described below and illustrated on the figures included in Appendix C. 

Table 4-1 Source/Pathway/Receptor 

Sources Pathways Receptors 

Primary source areas: 

• Former Fire Training Area 
1 

• Former Fuel Farms 4&6 
• Former ARFF Fire Station 
• Hangar 31 and Former 

Fuel Farm 1 
• Current (hot) Fire Training 

Area 

• Vertical migration of PFAS in shallow 
soils around source areas into 
groundwater 

• Migration of PFAS in groundwater 
through the unconfined aquifer 

• Transfer of PFAS between groundwater 
and surface water via seepage from 
shallow groundwater into drains 
(particularly during the Wet season). 

• Discharge of PFAS in groundwater into 
Rapid Creek, Ludmilla Creek, 
Sadgroves Creek and Reichardt Creek. 

• Extraction of groundwater from the 
Bathurst aquifer via groundwater bores 
for non-potable (poultry watering) uses 

• Consumption of terrestrial plants and 
animals that have accumulated PFAS 
by frequent contact with contaminated 
soils or waters 

• PFAS impacts in sediments or residual 
salts mobilised by surface water runoff 
in the Wet season. PFAS migration 
through the on-Base drainage network 
into Rapid Creek or Ludmilla Creek. 

• Migration of PFAS in surface water 
along Rapid Creek 

Human Health 1: 

• Consumers of home-grown 
produce (eggs) irrigated 
using PFAS impacted bore 
water 

• Consumers of aquatic biota 
from Rapid Creek or the 
upper reach of Ludmilla 
Creek 

• Base construction or 
maintenance workers in 
direct contact with heavily 
impacted groundwater or 
effluent in source areas 

Ecological 2: 

• Aquatic invertebrates, 
amphibians and fish in 
impacted waters of Rapid 
Creek and Ludmilla Creek 

• Plants and animals in direct 
contact with soils in source 
areas 

• Birds and mammals that eat 
fish from Rapid Creek 

• Birds and mammals that eat 
plants, invertebrates and 
reptiles from source areas 

Additional source areas: 

• Former Fuel Farm 5 
• Wrapped AFFF soil 

stockpiles 
• Former RAAF Fire Station 
• Former Fire Training Area 

2 

Secondary source areas: 

• Sediments in open Base 
drains, Rapid Creek and 
Ludmilla Creek 

• Sediments and waters in 
Base closed drainage 
infrastructure (pits, drains 
and sewerage) 

1 Further detail in Human Health Risk Assessment (Coffey 2018b).  Other receptors and pathways did not indicate elevated 
intake. 
2 Further detail in Ecological Risk Assessment (Coffey, 2018c).  Other receptors and pathways did not indicate elevated intake 
by direct or indirect routes. 
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4.2 Risk listing and consequences 

Elevated risks have been identified related to compliance, human health and ecological exposure.  
The risks were identified based on conditions described in the DSI and Supplementary DSI reports 
and risks quantified in the HHRA and ERA.   

“Elevated” is defined as events that would lead to human exposure over the tolerable daily intake 
(TDI), ecological exposure over the screening benchmarks or NOAEL, breaches of legislation or 
regulatory notices. 

The risks listed in Table 4-3 below have been considered based on individual areas of environmental 
concern (as identified within the DSI, the HRA and ERA) so as to align with proposed management 
actions more clearly.  The immediacy and consequence ratios have been based on the Department of 
Defence Contamination Risk Assessment Tool guidance definitions, with compliance risks assessed 
against “Financial” and “Legislative” criteria, and human health and ecological risks assessed against 
“Environment – Stage 3 Risk Assessment” criteria.  

To provide an indication of what each consequence category is based on, the following summary is 
provided.  Health, ecological or compliance risks are interpreted in isolation and the highest ranked 
risk is presented in Table 4-3. 

Table 4-2 Risk Matrix 

Consequence Health and/or Ecological Compliance 
Severe   
Major HI greater than 10 Financial costs between $2M and $4M, breach of 

legislation that has potential for prosecution 
Moderate HI between 1 and 10 Financial costs between $100k and $2M, breach 

of legislation that has potential for sanction 
Minor HI between 0.1 and 1 Financial costs between $25k and $100k, 

technical breach of legislation 
Insignificant   

Notes: 
HI = Hazard Index 
 
Subsequently, in the column ‘Immediacy’, an assessment is made of the probability of the risk 
occurring for the outcome. This assessment is ranked based on site-specific conditions as follows:  

• Rare (may occur only in exceptional circumstances) 

• Unlikely (may occur in the future) 

• Possible (might occur within the next 10 years) 

• Likely (will probably occur within the next year) 

• Current (either occurring or almost certainly will occur)  

The elevated risks are described in Table 4-3 for each AEC and if the identified risk is a Compliance 
risk (C), Human Health (HH) risk or an Ecological Exposure (Ec) risk as denoted by a .  
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Table 4-3 Risk assessment 

AEC ID Identified Risks C HH Ec Immediacy Consequence 
Former Fire 
Training 
Area 1 

A1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Moderate 

A2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Moderate 
A3 Surface water run off represents a source of impact to Rapid Creek, resulting in 

human health exposure through consumption of fish 
   Current Moderate 

A4 Surface water run off represents a source of impact to Rapid Creek, resulting in 
ecological exposure to terrestrial and aquatic ecosystems 

   Current Moderate 

A5 Extended contact with groundwater during construction excavation works may 
represent significant human exposure 

   Unlikely Minor 

A6 Direct contact with soil represents elevated exposure to terrestrial flora and 
fauna 

   Current Moderate 

Former Fuel 
Farm 5 

B1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Minor 

B2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Minor 
B3 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 

resulting in human health exposure through consumption of fish 
   Current Minor 

B4 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 
resulting in ecological exposure to terrestrial and aquatic ecosystems 

   Current Minor 

Former Fuel 
Farm 4 & 
Fuel Farm 6 

C1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Moderate 

C2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Moderate 
C3 Extended contact with groundwater during construction excavation works may 

represent significant human exposure 
   Unlikely Minor 

C4 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 
resulting in human health exposure through consumption of fish 

   Current Moderate 

C5 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 
resulting in ecological exposure to terrestrial and aquatic ecosystems 

   Current Moderate 

C6 Direct contact with soil represents elevated exposure to terrestrial flora and 
fauna 

   Possible Minor 

Former 
ARFF Fire 
station 

D1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Unlikely  Moderate 

D2 Movement of soil off-site requires approval and transport to a licenced facility    Unlikely Moderate 
D3 Extended contact with groundwater during construction excavation works may 

represent significant human exposure 
   Unlikely Minor 
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AEC ID Identified Risks C HH Ec Immediacy Consequence 
D4 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 

resulting in human health exposure through consumption of fish 
   Current Moderate 

D5 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 
resulting in ecological exposure to terrestrial and aquatic ecosystems 

   Current Moderate 

Wrapped 
stockpiles 

E1 Loss of containment of soil may present an exposure risk to water ways or 
human health 

   Possible Moderate 

E2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Major 
E3 Concentrations exceed anticipated Stockholm Convention reporting limit (50 

mg/kg) 
   Current Minor 

Hangar 31 & 
former Fuel 
Farm 1 

F1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Moderate 

F2 Movement of soil off-site requires approval and transport to a licenced facility    Unlikely Major 
F3 Migration of PFAS in groundwater represents a source of impact to Ludmilla 

Creek, resulting in human health exposure through swimming or consumption of 
fish 

   Current Minor 

F4 Migration of PFAS in groundwater represents a source of impact to Ludmilla 
Creek, resulting in ecological exposure to terrestrial and aquatic ecosystems 

   Current Moderate 

F5 Migration of PFAS in groundwater represents a potential exposure to off-base 
residents through groundwater use  

   Unlikely Moderate 

F6 Direct contact with soil represents elevated exposure to terrestrial flora and 
fauna 

   Unlikely Minor 

Former 
RAAF Fire 
station 

G1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Minor 

G2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Minor 
Current Fire 
Training 
Area 

H1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Moderate 

H2 Movement of soil off-site requires approval and transport to a licenced facility    Possible Moderate 
H3 Surface water run off represents a source of impact to Rapid Creek, resulting in 

human health exposure through consumption of fish 
   Current Minor 

H4 Surface water run off represents a source of impact to Rapid Creek, resulting in 
ecological exposure to terrestrial and aquatic ecosystems 

   Current Minor 

H5 Extended contact with groundwater during construction excavation works may 
represent significant human exposure 

   Unlikely Minor 

H6 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 
resulting in human health exposure through consumption of fish 

   Current Minor 
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AEC ID Identified Risks C HH Ec Immediacy Consequence 
H7 Migration of PFAS in groundwater represents a source of impact to Rapid Creek, 

resulting in ecological exposure to terrestrial and aquatic ecosystems 
   Current Minor 

H8 Regular contact with effluent in tanks may represent significant human exposure    Current Moderate 
H9 Direct contact with soil represents elevated exposure to terrestrial flora and 

fauna 
   Current Moderate 

Former Fire 
Training 
Area 2 

I1 Movement of soil to more sensitive areas may present an exposure risk to water 
ways or human health 

   Possible Minor 

I2 Movement of soil off-site requires approval and transport to a licenced facility    Possible  Minor 
I3 Direct contact with soil represents elevated exposure to terrestrial flora and 

fauna 
   Unlikely Minor 
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5 ONGOING MONITORING PLAN 

5.1  Overview 

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

Changes may result from the specific or cumulative impact of remediation or containment actions, 
existing transportation trends, changes to hydrogeology, or weather events.  Future construction and 
development works also have the potential to change contaminant movement by changing access to 
contaminated soils or altering surface water and groundwater flow.  

The ongoing monitoring plan (OMP) for the Management Area is set out in Appendix F. 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 Defence property to inform risk management decisions by Defence and 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 currently impacted by PFAS. 

• 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 

• modification of capital works design or construction 

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

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

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

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

5.1.3 Related documentation 

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

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

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

5.3  OMP summary – RAAF Darwin 

The ongoing monitoring plan includes monitoring of both surface and groundwater at locations which 
were identified during the DSI and where baseline conditions have been established for comparison. 
Locations of existing and proposed monitoring points are summarised in Appendix F.  

The RAAF Base Darwin ongoing monitoring plan aims to achieve the following: 

• Monitor and assess variation in PFAS concentrations in groundwater, surface water and biota to 
identify changes in risk profile 

• To collect further baseline data in groundwater, surface water and biota, for comparison during and 
after management of sources to assess the success of the management methods 

Initial program for ongoing monitoring of surface and groundwater is summarised in Table 5-1. 

Table 5-1 OMP Summary 

Aspect Location Interval* Measure 

Physical and 
administrative 
controls 

On-Base Twice yearly  
• End of Wet season, March; 
• Mid Dry season, July  

Observe that controls (signs, 
cover, excavation procedures) 
are in place 

Surface Water Off-Base 

Twice yearly  
• Start of Wet season, nominally early 

December 
• End of Wet season, late March;  

Field-measured physical 
parameters  
PFAS 

Surface Water On-Base  
Twice during Wet season 
• First flush, nominally early December 
• End of Wet season, late March. 

Field-measured physical 
parameters  
PFAS 

Groundwater On-Base and 
off-Base 

Twice yearly  
• End of Wet season, late March;  
• End of Dry season, October-

December 

Field-measured physical 
parameters  
PFAS 

Biota Off-Base Annual PFAS 

* Specific remediation action plans (RAPs) may require more frequent monitoring 

A description of OMP works is provided in Appendix F. 

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 
Management Area-specific information that has been considered in developing options includes:  

• Risk assessments, CSM and DSI; 
• Relevant Commonwealth and State/Territory legislation 
• Feedback from stakeholder consultation (impacted community and jurisdictional regulator) 
• IRM actions undertaken or continuing in the Management Area 
• IRM or PMAP actions undertaken or considered by Defence on other properties 

The management options include  

• the ‘do-nothing’ option. It provides the ‘base case’ against which other options are assessed in 
Part C 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 Section 4.  

• IRM actions recommended under Section 2.6 for continued implementation are included as 
options for further assessment. 

• Additional investigations required to address uncertainties and data gaps as identified through 
completion of the DSI. 

• Community-level options for further assessment. 

The range of potential remedial options considered have been based on plausible and proven 
technologies described in NEMP (HEPA 2018) and ITRC (2018).  A summary of techniques identified 
and analysed herein is provided below:  

Table 6-1 Remedial Options  

Approach 
Category 

Process Definition 

Base Case  Do nothing  No remediation undertaken. Continue to monitor plume extent and 
bioaccumulation in aquatic biota. 

Administrative 
Control 

Community restrictions on 
fishing and swimming 

Community consultation program to increase awareness of health 
concerns regarding the consumption of fish and crustaceans from 
Creeks.  

PPE and training (including 
Management Controls) 

Administrative controls via training, PPE and access controls limiting 
direct exposure to effluent in tanks. 

Source 
Management 

Stabilisation/ immobilisation Addition of a binding agent to soil to reduce the mobility of PFAS 

Thermal Desorption Separation of PFAS from solid materials using high temperatures to 
increase the volatility of the PFAS 

Excavation and off-site 
disposal 

Excavation and disposal to a containment cell in an off-site Defence 
owned facility. 

Excavation and containment in 
on-site containment cell 

Excavation and long-term storage in engineered facility to prevent 
leaching, contact and migration. 

Ex-situ treatment of 
groundwater (Pump and Treat) 

Ex-situ treatment of extracted groundwater 

Pathway 
Interception 

Capping Placing a durable and relatively impermeable cover over contaminated 
soils to prevent physical access, infiltration and leaching to surface 
runoff. 

Passive treatment (water) Use of Passive treatment (adsorbent) in surface water drains. 

Ex-situ treatment of 
groundwater (Pump and Treat) 

Ex-situ treatment of contaminated groundwater by pump and treat and 
discharge downgradient following treatment.  

Clearing of vegetation and 
fencing 

Clearing of vegetation in the area as part of routine maintenance and 
fencing to prevent/limit access. 

Ex-situ treatment Divert contaminated surface water, store and treat prior to discharge 
downstream. 
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Initial screening was undertaken for plausible options related to each type of risk, to identify options 
for detailed assessment.  The screening level options assessment is provided in Appendix G. Table 
6-2 provides a high-level screening assessment of remedial options considered for management of 
identified risk from each AEC.    
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Table 6-2 Summary of management options to be considered 

Risk 
Option 

ID Option Type Remedial Option Method Description 

C
os

ts
 ($

) 

Li
ke

lih
oo

d 
of

 
Su

cc
es

s 
 

C
ap

ab
ili

ty
 

Im
pa

ct
 

C
om

m
un

ity
 

Im
pa

ct
 

Migration of 
PFAS into Rapid 
Creek via 
surface water 
resulting in 
human exposure 
through 
consumption of 
fish and impact 
to aquatic 
ecology. 
 
 
(Relates to 
former Fire 
Training Area 1 
and current Fire 
Training Area ). 

R1.1 - Base Case - Do 
Nothing. 

No remediation 
undertaken. Continue 
monitor plume extent and 
bioaccumulation in 
aquatic biota. 

A D A D 

R1.2 Administrative 
Control 

Restrict 
community 
consuming fish 
caught from 
Rapid Creek. 

Community consultation 
program to increase 
awareness of health 
concerns regarding the 
consumption of fish and 
crustaceans from Rapid 
Creek.  

A D B D 

R1.3 Pathway 
Interception 

Capping of soils 
in place using 
physical cover. 

Construction of a physical 
capping layer using 
appropriate cover. 
Capping layer to form an 
impermeable covering 
such as an asphalt or 
concrete ground surface 
preventing exposure of 
impacted soils. 
Compacted clay, 
geomembranes (HDPE or 
geofabric) may be 
considered as 
alternatives. 

B B C C 

R1.4 Pathway 
Interception 

Use of Passive 
treatment 
(adsorbent) in 
surface water 
drains. 

Create passive treatment 
zones in surface water 
drains that indicated the 
highest mass transfer in 
Wet season.  Minor 
earthworks and hydraulic 
design may be required to 
ensure treatment 
infrastructure does not 
lead to flooding. Options 
may be use of baffle 
barriers and inline 
Granular Activated 
Carbon (GAC) treatment. 
In line treatment of 
north/north eastern drain 
(former Fire Training Area 
1) and eastern drain 
(Current Fire Training 
Area ). 

B C C B 

R1.5 Pathway 
Interception 

Pump and treat 
surface water in 
Rapid Creek. 

Extract water from 
locations along the 
impacted stretch of Rapid 
Creek in the Wet season, 
treat ex-situ and 
discharge further 
downstream.   
Spent adsorbent media of 
PFAS 'concentrate' would 
require further 
management (on-site 
storage) or treatment to 
destroy PFAS.  

E E A B 

R1.6 Pathway 
Interception 

Divert drainage 
from 
contaminated 
areas to reduce 

Undertake earthworks to 
isolate impacted surface 
water and create lined 
retention basin.  

C C C B 
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Risk 
Option 

ID Option Type Remedial Option Method Description 
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volume of 
contaminated 
water entering 
creek, store and 
treat. 

Implement treatment of 
retained surface water to 
remove PFAS to 
acceptable levels prior to 
discharge. 

R1.7 Source 
Management 

Containment of 
PFAS in soil via 
stabilisation/immo
bilisation 
techniques. 

Addition of a binding 
agent to soil to immobilise 
PFAS. Applications can 
be made either in-situ or 
ex-situ, using 
conventional plant and 
equipment. Treatability 
trials required to 
demonstrate effectiveness 
and durability of the 
Immobilisation process.   

B C B C 

R1.8 Source 
Management 

Excavation and 
containment of 
PFAS impacted 
soil within 
purpose-built 
containment cell. 

PFAS impacted 
soils/sediments from 
source area are 
excavated and placed 
within a containment cell 
with appropriate basal 
liner and cover system to 
prevent PFAS leaching to 
underlying aquifer. 
Containment cell is 
subject to long term 
management.  

B B C B 

R1.9 Source 
Management 

Thermal 
desorption of 
soil/sediment in 
source areas. 

Thermal energy is used to 
desorb and oxidise PFAS 
from the source material. 
Vapours generated from 
the desorption process 
are collected and 
subjected to further 
treatment to oxidise PFAS 
and manage acidic gases 
resulting from the 
treatment.  Treated soil 
may be retained on site 
where these materials 
meet remediation criteria. 
Certain thermal 
desorption plants may be 
used to destroy wastes 
from other treatment 
processes.  

C A C A 

R1.10 Source 
Management 

Excavation and 
disposal to a 
containment cell 
in an off-site 
Defence owned 
facility. 

PFAS impacted soils are 
identified and excavated 
from source areas and 
then transported to a 
Defence owned off-base 
for long-term containment 
or destruction. Will require 
identification of suitable 
base with capacity for soil 
management. 

D A C B 

R1.11 Source 
Management 

Excavation and 
off-Base disposal 
of impacted soils. 

PFAS impacted soils are 
identified and excavated 
from source areas and 
then transported in 
accordance with Territory 
and State waste transport 
regulations to a licensed 

E A C B 
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Risk 
Option 

ID Option Type Remedial Option Method Description 

C
os

ts
 ($

) 

Li
ke

lih
oo

d 
of

 
Su

cc
es

s 
 

C
ap

ab
ili

ty
 

Im
pa

ct
 

C
om

m
un

ity
 

Im
pa

ct
 

facility for long-term 
containment or 
destruction.  

Groundwater 
discharge 
represents a 
source of impact 
to Rapid Creek, 
resulting in 
human health 
exposure 
through 
consumption of 
fish or swimming 
and ecological 
exposure to 
terrestrial and 
aquatic 
ecosystems. 
 
(Relates to 
former Fuel 
Farm 5, former 
Fuel Farm 4&6, 
former ARFF 
station and 
current Fire 
Training Area). 

R2.1 - Base Case - Do 
Nothing. 

As per Option R1.1. A E A E 

R2.2 Administrative 
Control 

Restrict 
community 
consuming fish 
caught from 
Rapid Creek and 
restrict 
recreational 
activities at the 
Creek 
(swimming). 

As per Option R1.2 
Enforce restrictions on 
swimming within the 
creek. 

A E A E 

R2.3 Pathway 
Interception 

Hydraulic 
containment to 
intercept PFAS 
impacted 
groundwater in 
source area 
downgradient of 
source area. 

Extraction wells 
positioned down-gradient 
of source area to intercept 
PFAS plume to reduce 
offsite migration. 
Extracted water treated 
ex-situ on-site as per 
option R2.4 
Spent adsorbent media or 
PFAS 'concentrate' would 
require further 
management (on-site 
storage) or treatment to 
destroy PFAS. 

D D B C 

R2.4 Source 
Management 

Ex-situ treatment 
of PFAS impacted 
groundwater.  

Extraction of 
contaminated 
groundwater via a 
network of extraction 
wells to reduce source 
mass discharging to 
Creek. Spent adsorbent 
media or PFAS 
'concentrate' would 
require further 
management (on-site 
storage) or treatment to 
destroy PFAS.  

C B C B 

R2.5 Source 
Management 

Containment of 
PFAS in soil via 
stabilisation/Immo
bilisation 
techniques. 

As per Option R1.7. 

B C B C 

R2.6 Source 
Management 

Excavation and 
containment of 
PFAS impacted 
soil within 
purpose-built 
containment cell. 

As per Option R1.8. 

B B C B 

R2.7 Source 
Management 

Excavation and 
disposal to a 
containment cell 
in an off-site 
Defence owned 
facility. 

As per Option R1.10. 

C A C A 

R2.8 Source 
Management 

Excavation and 
off-Base disposal 
of impacted soils. 

As per Option R1.11. 
D A C B 
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Risk 
Option 

ID Option Type Remedial Option Method Description 
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R2.9 Source 
Management 

Excavation and 
off-Base disposal 
of impacted soils. 

As per Option R1.11. 
E A C B 

Migration of 
PFAS into 
Ludmilla Creek 
via groundwater 
resulting in 
human exposure 
through 
consumption of 
fish/recreational 
activities 
(swimming) and 
impact to 
aquatic 
ecology.(Relates 
to Hangar 31, 
former Fuel 
Farm 1 and 
potentially 
Former RAAF 
Fire Station and 
Former ARFF 
Fire Station). 

R3.1 - Base Case - Do 
Nothing. 

As per Option R1.1. A E A E 

R3.2 Administrative 
Control 

Restrict 
community 
consuming fish 
caught from 
Ludmilla Creek. 
Enforce 
swimming 
restrictions. 

Community consultation 
programme to increase 
awareness of health 
concerns regarding the 
consumption of fish and 
crustaceans from Ludmilla 
Creek.  

A E A E 

R3.3 Pathway 
Interception 

Divert drainage 
from 
contaminated 
areas to reduce 
volume of 
contaminated 
water entering 
creek, store and 
treat. 

As per Option R1.6. 

C C C B 

R3.4 Pathway 
Interception 

Pump and treat 
surface water in 
Ludmilla Creek. 

Extract water from 
locations along the 
impacted stretch of 
Ludmilla Creek in the Wet 
season, treat ex-situ and 
discharge further 
downstream.   
Spent adsorbent media of 
PFAS 'concentrate' would 
require further 
management (on-site 
storage) or treatment to 
destroy PFAS.  

E E A B 

R3.5 Pathway 
Interception 

Hydraulic 
containment to 
intercept PFAS 
impacted 
groundwater in 
source area.   

As per Option R2.3. 

D D B C 

R3.6 Source 
Management 

Ex-situ treatment 
of PFAS impacted 
groundwater.  

As per Option R2.4. 
C B C B 

R3.7 Source 
Management 

Containment of 
PFAS in soil via 
stabilisation/ 
Immobilisation 
techniques.  

As per Option R1.7. 

B C B C 

R3.8 Source 
Management 

Excavation and 
containment of 
PFAS impacted 
soil within 
purpose-built 
containment cell. 

As per Option R1.8. 

B B C B 

R3.9 Source 
Management 

Thermal 
desorption of 
soil/sediment in 
source areas. 

As per Option R1.9. 

C A C A 

R3.10 Source 
Management 

Excavation and 
off-Base disposal 
of impacted soils. 

As per Option R1.10. 
D A C B 
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Risk 
Option 
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R3.11 Source 
Management 

Excavation and 
off-Base disposal 
of impacted soils. 

As per Option R1.11. 
E A C B 

Regular contact 
with effluent in 
tanks may 
represent 
significant 
human 
exposure. 
 
 
 (Relates to 
current Fire 
Training Area). 

R4.1 - Base Case - Do 
Nothing. 

As per Option R1.1. A E A E 

R4.2 Administrative 
Control 

Administrative 
controls via 
training, PPE and 
access controls 
limiting direct 
exposure to 
effluent in tanks. 

Contact to effluent tanks 
limited to trained 
personnel. PPE 
requirements enforced 
and works within the area 
via existing permit to work 
systems limiting 
exposure. 

A C B B 

R4.3 Source 
Management 

Remove 
sediments and 
effluent for 
treatment.  

Abstract effluent from 
tanks for treatment ex-
situ.  C A B B 

R4.4 Source 
Management 

Regular program 
of cleaning and 
flushing of 
effluent tanks. 

Emptying of tanks and 
flush water to be 
completed by licensed 
contractor and effluent 
disposed to licensed 
facility for 
treatment/disposal. 

C B B B 

Direct and 
regular contact 
with PFAS 
impacted 
groundwater 
may result in 
significant 
human health 
exposure. 
 
 
(predominantly 
relates to former 
Fire Training 
Area 1, former 
Fuel Farm 4&6, 
former ARFF 
station and 
current Fire 
Training Area ). 

R5.1 - Base Case - Do 
Nothing. 

As per Option R1.1. A E A E 

R5.2 Administrative 
Control 

Restrict 
excavation 
activities in the 
area. 

No dig zones to prevent 
contact with groundwater 
in highly contaminated 
areas. Works in the area 
to be managed by soil 
and groundwater quality 
management plan. 

A C B B 

R5.3 Administrative 
Control 

Administrative 
controls via 
training, PPE and 
access controls. 

Contact with groundwater 
limited to inducted 
personnel. PPE 
requirements enforced 
and access via existing 
permit to work systems. 

A C B B 

R5.4 Source 
Management 

Ex-situ treatment 
of PFAS impacted 
groundwater.  

As per Option R2.4. 

C C C B 

Direct contact 
with soils 
presents an 
exposure risk to 
terrestrial 
ecology.  
 
 
 (Relates to soils 
in former Fire 
Training Area 1, 
Former Fuel 
Farm 4&6, 
Hangar 31, 
former Fuel 
Farm 1, current 
Fire Training 
Area and former 
Fire Training 
Area 2). 

R6.1 - Base Case - Do 
Nothing. 

As per Option R1.1. A E A E 

R6.2 Pathway 
Interception 

Capping of soils 
in place using 
physical cover. 

As per Option R1.3. 
B B C C 

R6.3 Pathway 
Interception 

Clearing of 
vegetation and 
fencing. 

Clearing of vegetation in 
the area as part of routine 
maintenance and fencing 
to prevent/limit access. 

A D B C 

R6.4 Source 
Management 

Containment of 
PFAS in soil via 
stabilisation/Immo
bilisation 
techniques. 

As per Option R1.7. 

B C B C 

R6.5 Source 
Management 

Excavation and 
containment of 
PFAS impacted 
soil within 
purpose-built 
containment cell. 

As per Option R1.8. 

B B C B 
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Risk 
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R6.6 Source 
Management 

Thermal 
desorption of 
soil/sediment in 
source areas. 

As per Option R1.9. 

C A C A 

Key: 
     Rating    
  E D C B A 
Cost Prohibitive cost to achieve required 

clean-up target 
      Low cost to achieve method specific 

target. 
Likelihood of success  Method not verified or uncertain 

outcome. Potential to generate 
harmful secondary risks 

      Well established technique with a 
high likelihood of achieving objective 

Capability Impact Prevention of critical Base 
operations 

      Minor or no disruption of important 
Base activities 

Community Impacts  Anticipate widespread community 
rejection or inconsistent with 

regulatory requirements 

      Anticipate widespread acceptance 
by community and approval by 
regulator 

 

The following options were excluded for further assessment based on this simplified screening assessment: 

• Do Nothing: Option of doing nothing other than ongoing routine assessment of contaminant extent was 
excluded from further assessment based on ongoing risks to human health and environment posed by 
contaminated media.   Based on the widespread contamination and mass of PFAS demonstrated to be 
leaving the Base, do nothing was not considered to be appropriate from a reputational, community or 
regulatory stand point. 

• Direct treatment of Rapid Creek by pump and treat to reduce human exposure risks from consumption of 
aquatic biota and ecological exposure risks to aquatic ecology. This option was excluded based on the 
extreme costs, complexity with co-contaminants in the urban drain, long application time and potential to 
adversely affect aquatic ecosystems within the creek.   

• Clearing and habitat exclusion to reduce ecological exposure to soils.  This option was excluded as a high 
level of maintenance would be required indefinitely for success and it would not contribute to reducing 
any other risks. 

• Passive in drain treatment of surface water run off to reduce human exposure risks from consumption of 
aquatic biota and ecological exposure risks to aquatic ecology in Rapid Creek and Ludmilla Creek. This 
option has been excluded from immediate consideration due to the low confidence of success and 
potential logistical constraints associated with implementation of this option.  However, passive surface 
water treatment is considered to be of high potential value if an effective approach could be identified, 
and this option should be flagged for trials and further research. 

• Excavation and disposal to an off-site Defence facility to reduce human exposure risks from consumption 
of aquatic biota and ecological exposure risks to aquatic ecology. This option has not been considered 
due to uncertainty in finding a suitable location, timeframes for licencing and construction of a suitable 
facility. Should a suitable location be identified, this option will be reconsidered.  

Management options to control risks related to uncontrolled movement of contaminated soils to more 
sensitive areas or off-Base have not been assessed through a comparative review.  The risks would be 
appropriately managed through the existing: Environmental Clearance Certificate; Contaminated Sites 
Register; PFAS Framework for Construction and Maintenance projects; and Base excavation permit systems 
implemented on the Base.   
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Net benefits through control of PFAS movement could be gained through appropriate design and siting 
decisions for future Base capital works.  Construction of hardstand, drainage design and dewatering 
activities have the potential to alter PFAS migration from source areas, and could have a significant benefit 
for individual areas, with limited impact to works costs or timeframes.  These potential actions and benefits 
have not been assessed in the options review, as the specifics will depend on the future developments. 

The detailed identification and analysis of an option or set of options for each risk is set out in Appendix E, 
the relevant options for each risk from each group of AECs is then presented side-by-side in Appendix G.   

The following section provides an overall summary by AEC and a description of the relative benefits of 
particular options related to groups of risks. 
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6.1.1 Outcomes of comparative analysis – summary  

A rolled-up summary of the outcomes of the comparative analysis is presented in Table 6-3 with key 
considerations outlined in sections below. Details of the analysis and assessment of each specific 
remedial option and assessment category, as outlined in Section 6.1 and 3.5 respectively, are 
detailed in Appendix G.   

The summary of PFAS mass distribution and migration in Section 2.4.2, identified that most of the 
residual mass of PFAS present at the Base is dispersed beyond source areas and is not reasonably 
or practicably recoverable using soil or groundwater source removal approaches.  Surface water and 
groundwater migration interact and lead to large discharge faces and multiple discharge points, which 
reduces the likelihood that pathway interception approaches would have a meaningful effect on Creek 
water quality. Administrative control may be effective in raising awareness of risks and changing 
behaviour to reduce exposure to PFAS on-Base or in recreational waters.  Administrative controls can 
be implemented immediately but have low reliability for long-term effectiveness and do not contribute 
to improvement of environmental condition.  

Risks related to exposure to PFAS in Rapid Creek or Ludmilla Creek are contributed to by multiple 
source areas and migration pathways.  Therefore, addressing one source area in isolation would not 
be expected to have a material improvement in PFAS concentrations in the creeks or reduction in risk.  
Given the distribution of PFAS in groundwater across the Base, and in contact with multiple surface 
water drains, any effect from source removal would be expected to take several years before an 
improvement in water quality was realised.   

On the basis that not all residual mass could be recovered or intercepted, the following management 
options review, and subsequent recommended actions, target source areas with the greatest residual 
mass, or migration pathways contributing the greatest mass flux. 

Whilst source control provides complete removal of impacted media including management of 
ongoing secondary impacts, the presence of existing infrastructure or logistical limitations associated 
with source control approaches reduces the effectiveness. Should conditions change in the future 
(redevelopment) where complete access for source control is feasible, the proposed approaches 
could be reassessed.     

Table 6-3 Comparative Analysis 

 AEC  Risk 

 Management Approach 
Source 
Control 

Pathway 
Interception 

Administrative 
Control1 

Former Fire 
Training Area 1 

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of surface water 
migration. 

C D D  

Former Fuel Farm 
5 

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of ground water 
migration. 

D C  D  

Former Fuel Farm 
4 & 6 

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of groundwater 
migration. 

A D  D  

Former ARFF 
Station 

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of groundwater 
migration  

C D  D  
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 AEC  Risk 

 Management Approach 
Source 
Control 

Pathway 
Interception 

Administrative 
Control1 

Hangar 31 & 
Former Fuel Farm 
1 

Human and ecological exposure to 
PFAS in waters and biota in 
Ludmilla Creek, as a result of 
groundwater migration. 

C C  D  

Former Fire 
Training Area 1, 
Former Fuel Farm 
4&6, Hangar 31, 
Former Fuel Farm 
1, Current Fire 
Training Area and 
former Fire 
Training Area 2 

Ecological exposure to soil. A A  D  

Current Fire 
Training Area  

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of surface water 
migration. 

C D  D  

Human and ecological exposure to 
PFAS in waters and biota in Rapid 
Creek, as a result of groundwater 
migration. 

C D  D  

Human exposure to effluent in 
effluent tanks. A A B 

Note 1: Comparatively, administrative controls, when implemented in isolation, are unlikely to reasonably manage the identified 
risk. However, administrative controls represent a key component of an integrated and good practice approach for the 
management of risks.  

Key: 
   Rating    

E D C B A 
 Implementation of options categorised under 

this management approach is unlikely to 
reasonably manage the identified risk, in 

comparison to other management approaches 

      Implementation of options categorised under 
this management approach is likely to 
reasonably manage the identified risk, in 
comparison to other management approaches 

 



 PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 

 45 July 2019 
 

6.1.2  Outcomes of comparative analysis – key findings  

The key findings from the remedial option comparative analysis are summarised as follows: 

• Any approach involving source management was considered to have medium effectiveness but 
would have a significant delay prior to realisation of improvement in water quality at the Creeks. 
Further, removal of a single source in isolation would not have a significant positive impact on 
water quality in the Creeks.  

• For source excavation or immobilisation options, the effectiveness would be dependent on 
accessing and removing the majority of the leachable contaminated soils. 

• Of the source management options, most were in the same cost, proportionality and net 
environmental benefit, although noting thermal treatment option provides complete removal of 
contaminant mass and limits on-going monitoring and liability. 

• Whilst administrative controls, such as dietary advisories, generally represent comparatively lower 
effectiveness, many administrative controls complement other management measures and 
therefore require further consideration (as presented within the integrated assessment).  
Administrative controls reduce the risks within the short-term, compared to longer implementation 
times for pathway interception or source management options. 

• Community views were considered likely to be generally positive for any source removal, 
particularly compared to do nothing or administrative controls alone, and views are likely to be 
mixed in relation to thermal treatment, and long-term retention on-Base. 

• Both source management and pathway interception options (for example: excavation, capping and 
drainage diversion) may potentially require planning and coordination with Base Operations to 
minimise disruption to Defence and ensure potential adverse impacts, such as increased flooding 
risks, are appropriately managed. 

Table 6-4 Key Findings 

 AEC  Risk Key Findings 
Former Fire 
Training Area 1 

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek, as a result of 
surface water 
migration. 

Pathway interception via placement of physical cover (capping) or the 
sealing of surfaces to reduce contaminated run-off has the potential to 
significantly reduce concentrations of PFAS in surface run off. Further, 
the placement of a physical cover potentially eliminates direct contact 
risk and reduce leaching of contaminant mass to groundwater. It is 
however noted that pathway interception approaches are generally 
considered to be interim measures whilst long term management 
options are developed / finalised. 

Pathway interception via passive treatment would be unlikely to be 
successful, due to limited extent of treatment that can be applied.  
Mass flux in surface water would be greatest in Wet season during 
storm events, when in-line systems would most likely be by-passed. 

Former Fuel 
Farm 5 

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek, as a result of 
groundwater 
migration. 

Most source removal and ex-situ groundwater treatment options were 
considered to be disproportionate to the risk, given the relatively minor 
contribution that this area makes to discharges to Rapid Creek. 

The area is currently undergoing development. For source excavation 
or immobilisation options, the effectiveness would be dependent on 
accessing and removing most of the leachable contaminated soils.   

Former Fuel 
Farm 4 & 6 

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek, as a result of 
groundwater 
migration. 

The area is relatively vacant and accessible for source management, 
although planning would need to consider Fuel Farm 7 infrastructure 
and the current development in the area (apron extension and fuelling 
facilities). For source excavation or immobilisation options, the 
effectiveness would be dependent on accessing and removing most of 
the leachable contaminated soils. 
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 AEC  Risk Key Findings 
Pathway interception would require considerable infrastructure, if 
positioned at the Rapid Creek interface.  A design closer to the source 
area would need to consider fluctuations in groundwater levels 
seasonally and distinct permeability changes in the strata. 

Former ARFF 
Station 

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek and Ludmilla 
Creek, as a result of 
groundwater 
migration  

Source management by pump and treat or immobilisation would 
potentially be effective and reduce discharge to creeks in the long-term, 
if logistical constraints could be overcome.  

Pathway interception would be unlikely to be successful, based on the 
multiple flow directions and proximity to OLAs and runway. 
Pathway interception positioned at the Rapid Creek interface or 
Ludmilla Creek discharge would require considerable infrastructure, 
due to the long discharge face.   

Hangar 31 & 
Former Fuel 
Farm 1, Former 
RAAF Fire 
Station 

Human and 
ecological exposure 
to PFAS in waters 
and biota in 
Ludmilla Creek, as 
a result of 
groundwater 
migration. 

Most source removal and ex-situ groundwater treatment options were 
considered to be disproportionate to the risk, given the relatively minor 
contribution that each area appears to be making. 

Pathway interception via passive treatment in the drains receiving 
groundwater discharge would be unlikely to be successful, due to 
limited extent of treatment that can be applied.  Mass flux in surface 
water would be greatest in Wet season during storm events, when in-
line systems would most likely be by-passed. 

Pathway interception by treatment of water collected by the drainage 
network, which is subsequently discharged to Ludmilla Creek was 
potentially a more effective option, as it reduces discharge from all 
source areas, however treatment would require long term 
implementation. 

Former Fire 
Training Area 1, 
Former Fuel 
Farm 4&6, 
Hangar 31, 
Former Fuel 
Farm 1, Current 
Fire Training 
Area and former 
Fire Training 
Area 2 

Ecological exposure 
to soil. 

Any approach involving source management or pathway interception 
(capping) are considered to have relative high effectiveness due to 
physical separation and potential long-term reductions in leaching 
potential. 
Pathway interception (capping) is considered proportionate and a good 
project fit, if ecological exposure to surface soils was the only risk 
related to contaminated soils at the source areas. 

Current Fire 
Training Area  

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek, as a result of 
surface water 
migration. 

Both source management and pathway interception options (for 
example: excavation, capping and drainage diversion) would require 
planning and coordination with Air services Australia, who utilise the 
site, to minimise disruption to operations. 

Pathway interception via passive treatment would be unlikely to be 
successful, due to limited extent of treatment that can be applied and 
indistinct drainage channels from the site.  Mass flux in surface water 
would be greatest in Wet season during storm events, when in-line 
systems would most likely be by-passed. 

Pathway interception via placement of physical cover (capping) or the 
sealing of concrete surfaces to reduce contaminated run-off has the 
potential to significantly reduce concentrations of PFAS in surface run 
off, however product selection would need to demonstrate suitability in 
relation to fire resistance and trafficability. Further, the placement of a 
physical cover potentially eliminates direct contact risk and reduce 
leaching of contaminant mass to groundwater. It is however noted that 
pathway interception approaches are generally considered to be 
interim measures whilst long term management options are developed 
/ finalised.  Further, efforts to cap or seal surfaces will be limited and 
confined to unsealed and accessible areas with effectiveness 
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 AEC  Risk Key Findings 
hampered by the presence of existing fire training infrastructure and 
effluent treatment infrastructure in the area.  

Human and 
ecological exposure 
to PFAS in waters 
and biota in Rapid 
Creek, as a result of 
groundwater 
migration. 

Ex-situ groundwater treatment was considered to be disproportionate 
to the risk, given the relatively minor contribution that the area appears 
to be making to the PFAS mass in Rapid Creek. 

Source removal would require considerable disruption to the existing 
facility. 

In-situ immobilisation would be potentially effective in reducing mass 
flux but would not reduce long term liability or reduce monitoring 
requirements.  It could potentially be a medium-term option, until larger 
re-development of the facility is proposed. 

Human exposure to 
effluent in effluent 
tanks. 

Due to ongoing potential for effluent within the tanks to be impacted by 
hydrocarbons and other co-contaminants, ongoing treatment of effluent 
would not be considered an effective option. 

Any approach involving source management (removal or washing) or 
pathway interception (capping and sealing) are considered to have 
relative high effectiveness and net benefit, due to long-term reductions 
in leaching potential with limited waste generation or energy input. 

Administrative controls were considered effective, proportionate and a 
good project fit, if worker exposure to effluents and tank sediments was 
the only risk related to infrastructure. 
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6.2  Integrated options analysis outcomes 

Whilst the comparative analysis identified which 
management option would comparatively be 
practicable to manage the risks (screened 
against the 17 criteria – as presented in Section 
3.5), the analysis also highlighted that an 
integrated approach of potentially complementary 
or dependent management options would be 
required to implement the most practicable 
overall approach for the management of risks. In 
addition, an analysis of the potential synergies, 
dependencies and complementary actions across 
the management options, as identified in this 
analysis, are presented in the following table.  

Table 6-5 Integrated Options Analysis 

Key Findings  Integrated Approach 

Whilst source management approaches may reduce 
the mass of PFAS migrating from source areas, it 
would unlikely have an impact on concentrations 
within the creeks (Rapid/Ludmilla) in the short or 
medium term (at least 5 years).   

Where source management approaches were 
identified as comparatively practicable and potentially 
appropriate option to manage risks, pathway 
interception and administrative controls warrant 
further investigation to address the short or medium-
term impacts.  

Mass estimates and mass flux estimates also 
identified that removal of a single source would not 
have a material impact on flux on PFAS to receiving 
waters, due to the combination of multiple pathways 
and sources and mass present as a secondary 
source across the broader areas.   

In light of the presence of multiple sources, that may 
not be readily accessible, an integrated approach 
would be to consider the implementation of pathway 
interception and administrative controls until source 
removal efforts can be undertaken.  

Future capital works have the potential to create 
incremental benefits in reduction of migration from 
source areas if considered during the siting and 
design stages. 

Co-contaminants were identified, in the DSI report or 
publicly available reports, to be present in the former 
fuel farm source zones (petroleum hydrocarbons), the 
current Fire Training Area and in Rapid Creek 
(bacteria, viruses, and urban runoff contaminants) 
and likely Ludmilla Creek (urban runoff contaminants) 
that would reduce treatability by adsorption or filtration 
methods.  Co-contaminants were not noted in other 
source areas that would materially affect treatability 
by any method. 

With the presence of co-contaminants, a staged 
approach to implementation of options may be 
practicable. For example, up-gradient pathway 
interception options could be employed to remove co-
contamination, to facilitate source management.   

Discharge in drains due to contaminated surface 
water runoff, groundwater seepage and potentially 
leaching from impacted infrastructure, appears to 
contribute to impact in receiving waters significantly 
more than groundwater seepage into the creek bed 
alone.   

Whilst the implementation of these pathway 
interception management options may not manage 
the risks, their implementation could be prioritised or 
staged, prior to future implementation of source 
management when opportunities arise.   

For example, approaches that address key drains 
may have more positive impact on receiving water 
quality more rapidly than other approaches.  

Integrated 
Approach 

Source 
Management 

Administrative 
Controls 

Pathway 
Interception 
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Key Findings  Integrated Approach 

Administrative controls, such as dietary advisories, 
generally represent comparatively lower 
effectiveness. 

Administrative controls complement other 
management measures and therefore the 
implementation of administrative controls may deliver 
on some reduction in ongoing risks whilst engineering 
controls are investigated, developed and 
implemented. 

Onsite administrative controls, such as training and 
PPE to manage the risk to human exposure to 
effluent in effluent tanks, have the potential to result in 
greater risk management due to the possibility of 
controls being integrated into standard site operating 
procedures. 

 

Based on the outcomes of the comparative analysis and review of integrated options analysis 
outcomes, the following management approaches are indicated for each AEC. 

Table 6-6 Management Approaches 

 AEC Next Steps 
General / all areas Immediate implementation timeframe: 

• Support advisory on consumption (Administrative Control) 
• Implement controls on ground disturbance activities, soil movements and 

management of works via access controls in all source areas (Administrative 
Control)  

Medium implementation timeframe: 
• Review the western drainage network and stormwater drain to Ludmilla Creek.  

Investigate options to divert and treat captured water in the stormwater system 
(Pathway Interception) 

Former FTA 1 Short implementation timeframe: 
• Investigate capping, immobilisation or source removal (soil) managed by 

thermal or on-Base containment cell (Source Management) 
•  

Former FF5 • No specific action 
• Consider soil management or treatment options for future site re-development. 

Former FF4 & 6 Medium implementation timeframe: 
• Investigate capping, immobilisation or source removal (soil) managed by 

thermal or on-Base containment cell (Source Management) 

Former ARFF Medium to long implementation timeframe: 
• Investigate groundwater treatment or immobilisation of former ARFF fire 

station impact (Source Management) 

Hangar 31 and 
Former FF1 

Short implementation timeframe: 
Investigate capping, immobilisation or source removal (soil) managed by 
thermal or on-Base containment cell (Source Management) 

Former RAAF Fire 
Station 

• No specific action 
• Consider soil management or treatment options for future site re-development. 

Former FTA 2 Short implementation timeframe: 
• Investigate capping, immobilisation or source removal (soil) managed by 

thermal or on-Base containment cell (Source Management) 
•  
•  
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 AEC Next Steps 
Current FTA Immediate implementation timeframe: 

• Implement access restrictions and PPE controls (Administrative Control) 
Short implementation timeframe: 

• Investigate cleaning of tanks and management of effluent (Administrative 
Control) 

• Investigate sealing of remaining infrastructure (Pathway Interception) 
• Investigate capping, immobilisation or source removal (soil) managed by 

thermal or on-Base containment cell (Source Management) 
•  
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7 RECOMMENDED PMAP RESPONSE ACTIONS 

7.1  List of recommended PMAP response actions 

Based on the comparative analysis and the integrated analysis, the recommended actions and 
aspects to investigate for each identified risk are set out below. A layout outlining source areas and 
recommended PMAP response actions as outlined in tables below is presented in Figure 7 
(Appendix H). Recommended PMAP response actions as outlined in tables below are further 
detailed in Section 7.2. 

Table 7-1: Measures for Implementation 

Action # Action Risk Timeframe 
1 Support EPA and Health advisories.  Human exposure from consumption of 

fish in Rapid Creek and Ludmilla Creek, 
and ongoing recreational use of the 
creek. 

Ongoing, 
Continue 

2 Controls on soil movement from 
source areas and off-Base transport 
(applies to all areas of the site). 

Movement of contaminated soils to more 
sensitive areas creating additional 
surface water or groundwater 
contamination. 

Immediate 

3 Maintain existing stockpile 
containment and control vegetation.  
Identify long-term management. 

Loss of containment of wrapped AFFF 
stockpiles. 

Immediate 

4 Access restrictions and PPE controls 
in current Fire Training Area. 

Human exposure to Fire Training Area 
effluent by Base maintenance workers. 

Immediate 

5 Reduce leaching from current Fire 
Training Area infrastructure 

Human exposure to Fire Training Area 
effluent by Base maintenance workers. 

Short 

6 Controls on ground disturbance 
activities and management of 
excavation works via access controls. 

Human exposure to groundwater during 
excavation by construction workers at the 
former ARFF fire station, former Fuel 
Farms 4&6 and current Fire Training 
Area. 

Immediate 

 

Table 7-2: Measures for further investigation 

Action # Action Risk Timeframe 
7 Investigate source management of 

soils in former Fire Training Area 1, 
current Fire Training Area and former 
Fire Training Area 2 via capping, 
immobilisation or source removal 
(soil) managed by thermal or on-Base 
containment cell 

Surface water runoff and ecological 
exposure to surface soils 
Exposure of aquatic ecology in Rapid 
Creek and Ludmilla Creek. 

Short  

8 Review drainage network and 
investigate options to divert and treat 
captured water in stormwater system. 

Ecological and human exposure in 
waters and biota in Ludmilla Creek, 
ecological exposure to surface soil. 

Medium 

9 Investigate groundwater treatment or  
immobilisation of former ARFF 
station. 

Human exposure from consumption of 
fish in Rapid Creek. 
Exposure of aquatic ecology in Rapid 
Creek and Ludmilla Creek. 

Medium - 
Long 

10 Investigate capping, immobilisation or 
source removal (soil) managed by 
thermal or on-Base containment cell 
at former Fuel Farms 4&6, former 
Fuel Farm 1, and Hangar 31 
Potential for co-management of 
stockpiled soils from former Fire 
Training Area 1, former Fire Training 
Area 2 and wrapped AFFF stockpiles. 

Human exposure from consumption of 
fish in Rapid Creek. 
Exposure of aquatic ecology in Rapid 
Creek and Ludmilla Creek. 
Ecological exposure to surface soils 
 

Short -
Medium 
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11 Integrate PFAS control evaluation into 
siting and design review for future 
capital works on Base. 

Human exposure from consumption of 
fish in Rapid Creek. 
Exposure of aquatic ecology in Rapid 
Creek and Ludmilla Creek. 

Medium – 
Long 

 

7.2  Recommended PMAP response actions  

The following points describe the steps involved in implementation of the recommended PMAP 
response actions, based on site information currently available. 

Response actions for implementation  

1  Advisory on Consumption 

• Support ongoing community engagement strategy with NT Government and increasing awareness 
via community sessions on the potential health risks of frequently consuming fish/crustaceans and 
or recreational use of the creeks. 

• Assist Territory Agencies manage health advice regarding consumption of fish within the 
freshwater section of Rapid Creek (up-stream of Trower Road, swimming within Ludmilla Creek 
(up-stream of Dick Ward Drive), and watering of laying poultry with extracted contaminated 
groundwater in Bagot and Ludmilla.   

• Will require engagement with NT Health, NT Department of Environmental and Natural Resources 
and NT EPA to provide the required data and to ensure synergy with Defence community 
engagement activities.  

2 Controls on Soil Movement 

• Administrative controls via mandatory excavation permit for all source areas. 
• Implementation of Defence PFAS Construction and Maintenance Framework to define principles of 

soil management. 
• All ECCs to describe controls on cross contamination, temporary stockpiling and soil movements 

from source areas, including classification prior to off-Base transport.  

3  Maintain cover of AFFF contaminated stockpiles   

PFAS impacted soil wrapped in HDPE membrane is stockpiled in the southern part of the base.  The 
total mass and leachable fractions in some of these soils is very high and would result in high 
concentrations entering site drains, and potentially groundwater, if containment failed.  

• A contractor should be engaged to inspect and maintain the area on minimum half yearly basis (at 
change of seasons and after cyclones) and provide a brief report of observations and rectification. 

• The inspection should follow a procedure agreed with PFAS Branch that includes routine checks 
for damage, tampering, competence of seals and control of aggressive vegetation.  

• In the event that damage or loss of containment is observed, then rectification measures should 
be undertaken within one month of the observation, and include verification of the effectiveness of 
rectification.  This may include removal and poisoning of aggressive vegetation, welding of repair 
patches to the HDPE membrane, or scraping of released soils and reconstruction of damaged 
stockpiles. 

• Based on the maximum concentrations of PFAS compounds in the stockpiled soil, reuse of soil 
on-Base is unlikely to be acceptable.  Long-term management or treatment options should be 
reviewed for these stockpiled soils along with other high concentration stockpiles and soils, as 
described in Actions 7 and 11. 

4 Access Restrictions to current Fire Training Area effluents 
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• Liaise with Airservices Australia as operators of the Fire Training Area to ensure access controls 
are applied to Airservices and Defence. 

• Limit contact with effluent tanks to trained and inducted personnel.  
• Apply mandatory PPE requirements for accessing the effluent tanks in the current FTA including 

disposable coveralls, gloves and hygiene – to be managed using permit to work system. 

5 Reduce leaching from current Fire Training Area infrastructure 

• Liaise with Airservices Australia as operators of the Fire Training Area to agree approaches to 
minimise contamination from the Fire Training Area. 

• Collate options for infrastructure decontamination or sealing. 
• Conduct treatability trials to decontaminate or prevent ongoing leaching of PFAS compounds from 

pad, drainage and effluent tank infrastructure. 
• If a successful option is identified, develop Remedial Action Plan to describe implementation of 

full-scale treatment. 
• Implement treatment. 
• Develop and implement monitoring plan to assess effectiveness of treatment applied.  

 

6 Controls on ground disturbance activities and management of works via access 
controls 

• Administrative controls via mandatory excavation permit for all source areas. 
• Implementation of Defence PFAS Construction and Maintenance Framework to define principles 

of excavation management. 
• All ECCs to describe controls on exposure with contaminated groundwater, specifically in the 

former ARFF Fire Station, former Fuel Farms 4&6 and current Fire Training Area.  
• Should earthworks be proposed to depths likely to intersect groundwater in source areas, direct 

assessment and management plans should be required to describe tailored procedures to 
manage dewatering, treatment, disposal and control worker contact. 

Response actions for investigation 

7 Reduction of risk from soil in former FTA 1, current FTA and former FTA 2 

The former FTA 1, current FTA and former FTA 2 were identified in the DSI to contain the highest 
concentrations of PFAS in surface soils exposed on-Base and represent the highest direct exposure 
risk to terrestrial flora and fauna, based on concentration and proximity to bush habitat.  Uncovered 
stockpiles of impacted soil are present at former FTA 1 and former FTA 2 and would also require 
management to effectively limit exposure in these areas.  The former FTA 1 and current FTA were 
also identified in the supplementary DSI as resulting in PFAS concentrations in surface water run-off, 
from the direct areas, above recreational guideline levels.  Elevated concentrations in surface water 
identified in other areas of the base and receiving environments appeared to be driven by 
groundwater discharge, rather than direct run-off.  

Surface water from these areas ultimately flow into Rapid Creek. Due to the mass of PFAS entering 
Rapid Creek through groundwater seepage and contributing off-Base sources, measurable reductions 
in creek concentrations are likely to be limited to the eastern headwaters.  In order to optimise the 
benefit of this activity, management of wastewater and sealing/decontaminating concrete surfaces in 
the current FTA would also be required (Item 5).  Improvements in surface water run off 
concentrations from FTA 1 would be expected at locations SW170 and SW101 (OMP monitoring 
locations) and improvement from the current FTA run-off would be expected at location SW154 
(management activity specific location).    
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The specific technique applied to control direct exposure, leaching and run-off in each area should be 
tailored to the site constraints and anticipated cost benefits. Potential options include:  

- temporary cover as a performance trial, or until long-term treatment is implemented; 
- capping with low permeability material, potentially including vertical barriers in some locations 

to prevent groundwater through-flow; 
- ex-situ stabilisation and reinstatement; 
- high resolution characterisation with ex-situ treatment (thermal destruction or containment) of 

highly contaminated soils and in-situ management of lower contamination; 
- combination of removal of shallow high concentration soils and placement of capping layer. 

Remediation targets should be agreed with Defence based on PFAS policy, but could be guided by 
the existing or proposed NEMP soil investigation levels of 1 mg/kg (PFOS+PFHxS) for direct contact, 
or 10 µg/kg (PFOS+PFHxS) for indirect contact, and also considering the potential for soils to produce 
leachate concentrations over the water quality guidelines of 0.13 µg/L for ecosystem protection or 0.7 
µg/L for recreational use. 

The implementation steps are anticipated as follows: 

Evaluation and design: 

• Liaise with Base and project groups to identify planned future development in the areas and 
specific operating access requirements. 

• Engage consultant to undertake targeted soil investigation of each area to fill data gaps and define 
lateral extent of shallow soil contamination above target total and leachable concentrations.  
Assessment should include detailed survey of infrastructure and other physical constraints within 
the target areas. 

• Evaluate options for reduction in direct exposure and migration risks to meeting remedial 
objectives.  

• Engage a consultant to assess surface levels and impact of capping options to potential flooding.  
This assessment could be completed in parallel with the contamination assessment.  

• Management to be applicable in unsealed areas. The areas noted below are approximate and 
apply to unsealed areas only. Areas will need to be confirmed via site survey to map out extent of 
capping or treatment.  Current estimates of areas are: 
o Former FTA1 up to 18,000 m2 
o Former FTA2 up to 10,000 m2 
o Current FTA up to 36,000 m2 

• Based on the outcomes of the contamination and surface levels assessments, a management 
action design should be completed (RAP).  Where capping is recommended, selection of capping 
materials (eg clay, geomembrane, asphalt, compacted hardstand) and relevant thickness should 
be included in the capping design based on suitability of capping material for each area. Where 
excavation and treatment is recommended, design should include lateral and vertical extent, 
validation targets, treatment or containment techniques and backfill requirements. 

• Source management via containment would require identification of a suitable location for 
construction of a containment cell and associated approvals. Containment cell will require 
sufficient space to accommodate soil volumes anticipated from this and co-excavated areas. No 
pilot trials are required for this approach.  

• Thermal treatment option will require preliminary pilot trials and feasibility studies and associated 
regulatory and Defence approvals prior to implementation. 

• The RAP should also nominate post construction performance monitoring criteria, locations and 
frequency. 

Construction: 
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• Engage contractor to complete soil management in accordance with the RAP. 
• Implement a monitoring program to assess stability of capping layer (if relevant), and measure 

improvement in surface water run-off concentrations. 

 

8 Review drainage network 

Consistently elevated concentrations of PFAS were identified in the stormwater drainage system on 
Base that discharges to Ludmilla Creek (SW125).  The stormwater flows all year at concentrations 
well above recreational guidance values, and is potentially being fed by groundwater seepage into the 
network in the south western portion of the Base.  Residual concentrations of PFAS in the pipe 
infrastructure may also be causing the sustained elevated concentrations.  To reduce the discharge, 
which is estimated at 9 kg/yr into Ludmilla Creek, areas of greatest seepage into the network could be 
replaced, sealed or remediated.  The magnitude of the potential reduction will depend on whether the 
seepage is isolated or dispersed across the broader network.  

The anticipated investigation process is as follows: 

• Engage consultant to review the drainage network connected to stormwater discharge to Ludmilla 
Creek.  The assessment should include tracing pipework, measuring invert levels, and collecting 
samples of concrete to investigate zones where groundwater seepage may occur and assess 
potential for PFAS leaching from drain infrastructure.  Simple measures of the presence and rate 
of flow of water through key locations in the pipe network should also be conducted during Wet 
and Dry Seasons. 

• Based on the outcomes of the investigation and identification of inflows to the network, the 
consultant should assess the feasibility of treating, preventing or diverting contaminated inflow to 
the system. 
o Assess options for diversion of high PFAS concentration stormwater from drains for treatment 

prior to discharge.  
o Assess options to seal high seepage drains or drains with high PFAS leaching potential.  
o Assess options for treating seepage by passive barriers prior to entering the network. 

• In the event that the concrete pipe infrastructure is significantly contributing to concentrations in 
stormwater, consider treatment or replacement works. 

• Develop a Remedial Action Plan that includes a specification for the selected remediation 
approach where identified. 

• Develop a monitoring program to assess effectiveness of proposed management measures.  
Monitoring of SW125 (OMP location) will be the most direct measure of effectiveness.  Depending 
on the remedial approach applied, other monitoring may be warranted (i.e. inspection of sealant, 
monitoring of flow during periods of no rain, monitoring concentrations at nodes in the network). 

• The outcomes of the review as defined in the RAP will be evaluated for implementation and will be 
documented in a revision of the PMAP. 
 

9 Investigate immobilisation or groundwater treatment of former ARFF fire station. 

The maximum concentrations of PFAS reported in groundwater on Base were below the former ARFF 
fire station, an area which is now between OLAs and the main RAAF taxiway.  Migration of PFAS in 
groundwater to Rapid Creek and Ludmilla Creek from this area represents the largest single source 
area identified, however still potentially represents less than 10% of the impact entering Rapid Creek.  
Surface run-off in the area was not identified to be significant.  The location is airside and has some 
operation constraints that deter long-term active remediation at the location.  Therefore, alternative 
approaches to reduce the mass of PFAS migrating from the area warrant consideration. 
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The investigation is expected to involve: 

• Liaise with Base and project teams to identify operations and projects in the area that represent 
constraints to access, or a potential opportunity to combine earthworks activities. 

• Engage a consultant to investigate the extent of high concentration soil and groundwater impact at 
former ARFF fire station. 

• Affected source area is currently estimated as an area of 150 m X 100 m based on the former 
footprint of the ARFF facility. 

• Develop Remedial Action Plan 
o Collate options for in-situ immobilisation and groundwater pump and treat. 
o Assess suitable locations for groundwater extraction or injection. 
o Complete pump and treat feasibility study (extraction rates, treatment and discharge rate). 
o Complete in-situ immobilisation feasibility study (injection products, injection volumes, well 

spacing, immobilisation effectiveness) 
o Preliminary design of ex-situ groundwater treatment system. 

• The RAP should nominate post performance monitoring locations and frequencies. 

The outcomes of the investigation as defined in the RAP will be evaluated for implementation and will 
be documented in a revision of the PMAP.  

 

10 Investigate reduction of risks from soils in former Fuel Farms 4&6, Hangar 31 and 
Former Fuel Farm 1 

Concentrations of PFAS in soil and groundwater around former Fuel Farms 4&6, Hangar 31 and 
Former Fuel Farm 1 are elevated and represent an ongoing source of contamination to groundwater 
and seepage to Rapid Creek and Ludmilla Creek.  Direct surface water run-off from these areas was 
not identified to be significant in the DSI, however there is potential that pathways may be identified 
from the Hangar during the western drainage network investigation.   

The specific technique applied to control leaching in each area should be tailored to the site 
constraints and anticipated cost benefits. Potential management options include:  

- capping with low permeability material, potentially including vertical barriers in some locations to 
restrict groundwater through-flow.  Run-off and infiltration to groundwater would be reduced by 
impermeable capping, but ongoing leaching to groundwater would not be avoided entirely, due to 
seasonally fluctuating groundwater levels; 

- ex-situ stabilisation and reinstatement; 
- high resolution characterisation with ex-situ treatment (thermal destruction or containment) of 

highly contaminated soils and in-situ management of lower contamination. 

Investigation would be anticipated to involve the following: 

• Liaise with Base and project groups to identify potential conflicts in development or access to 
target areas.  Opportunities for beneficial development of the areas, or combined excavation and 
construction activities, should also be considered. 

• The areas noted below are approximate and apply to currently unsealed areas only. Areas will 
need to be confirmed via site survey to map out extent of management. 

• Potential extent of management: 
o Former FF4 & 6 up to 25,000 m2 (in the event other source management not implemented) 
o Hangar 31 and Former FF 1 up to 35,000 m2 (in the event significant benefit identified) 

• Engage consultant to undertake targeted soil investigation of each area to fill data gaps and define 
lateral extent of shallow soil contamination above target total and leachable concentrations.  
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Assessment should include detailed survey of infrastructure and other physical constraints within 
the target areas. Remediation targets should be agreed with Defence based on PFAS policy, but 
could be guided by the potential for soils to produce leachate concentrations over the water quality 
guidelines of 0.13 µg/L for ecosystem protection or 0.7 µg/L for recreational use. 

• Engage a consultant to assess surface levels and impact of surface level changes (i.e. capping) to 
potential flooding.   

• Engage a remediation assessment for each area to review benefit likely to be gained through 
various management options (capping, excavation and treatment, in-situ immobilisation etc). 

• Based on the outcomes of the contamination review and surface levels assessments, a remedial 
design should be completed.  Where capping is recommended, selection of capping materials 
(Clay/geomembrane) and relevant thickness should be included in the capping design based on 
suitability of capping material for each area. Where immobilisation or ex-situ treatment is 
recommended, design should include lateral and vertical extent, validation targets, treatment or 
containment techniques and backfill requirements. 

• Source management via containment would require identification of a suitable location for 
construction of a containment cell and associated approvals. Containment cell will require 
sufficient space to accommodate soil volumes anticipated from this and co-excavated areas. No 
pilot trials are required for this approach.  

• Thermal treatment option will require preliminary pilot trials and feasibility studies and associated 
regulatory and Defence approvals prior to implementation. 

• The RAP should also nominate performance monitoring locations and frequencies. 
• The outcomes of the investigation as defined in the RAP will be evaluated for implementation and 

will be documented in a revision of the PMAP. 

11 Integrate PFAS migration control into future project siting and design evaluation 

• Investigate options to include evaluation of the potential benefits that the siting and design of Base 
projects may have on PFAS migration into the SSB process. 

• Incentivise siting and design that will result in incremental reduction in PFAS migration from source 
areas or into drainage channels.   
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7.3  Comparative PMAP implementation timeframes 
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7.4  Sequential implementation timeframes  

The graphic representation of a proposed sequential timeframe for PMAP response actions provided 
in Section 7.3 considers: 

• the nature, immediacy, severity, and extent of the consequences identified in Section 4 

• the comparative options analysis 

• the integrated options analysis. 

Note that estimated timeframes are indicative only at this stage and that priority of these actions 
needs to be revisited in later versions of this PMAP. Priority of management actions may change 
based on a range of variables including: 

• the outcomes of earlier PMAP response actions 

• the development of relevant legislation, policy and guidelines 

• changes in land use surrounding the site 

• feedback received from the local community and stakeholders 

• the availability of new relevant science and technology 

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



PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 
 

 60 July 2019 

8 REVIEW AND UPDATE 

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

Over the primary implementation period, 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. 

Over the extended implementation period, the Defence branch responsible for the remaining 
response management actions, will review/update the PMAP (or its successor document) at intervals 
of 12 months to ensure that the document is current, and its recommendations are valid. 

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

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

• updated information obtained from PMAP response actions involving further investigations or 
monitoring outcomes. 

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

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

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

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

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

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

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

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

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

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

.  
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APPENDIX A: Regulatory and policy analysis 

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

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

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

Commonwealth legislation 

• Environment Protection and Biodiversity Conservation Act 1999 – Relevant to the Management 
Area as relates to consideration of Commonwealth environment and biodiversity conservation. 
This Act must be considered, including the requirement for referrals in the development of any 
management measures involving ground disturbance. 

• Work Health and Safety Act 2011 – relevant to general health and safety compliance relating to all 
works associated with the risk management of the Management Area. 

• Water Act 2016 – makes provision for the management of the water resources of the Daly Basin 
and for other matters of national interest in relation to water and water information. 

• National Environment Protection (Assessment of Site Contamination) Measure 1999, as amended 
in 2013. (NEPM 2013) – provides guidance on the investigation and risk assessment process for 
contaminated site assessments. 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

• Defence Environmental Policy 
• Defence Estate Strategy 2016-2036 
• Defence Environmental Strategy 2016-2036 
• Defence Construction and Maintenance Framework 2018 
• Defence PFAS Response Management Strategy 2018 
• Defence Interim Response Management Guidelines 2018 
• Defence PMAP Template and Guidance 2018 

Commonwealth whole-of-government policy, standards and guidance 

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

• PFAS National Environmental Management Plan 2018 (NEMP) 

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

FSANZ February 2017 

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

At the time of preparation of this PMAP there is limited Commonwealth legislation on the designation 
of criteria for waste disposal. The PFAS NEMP (2018) indicates potential criteria to be adopted at the 
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Territory level for a Territory based receiving site, however there are currently no approved landfill 
disposal sites in NT that are licensed to receive PFAS impacted waste.  

The PFAS NEMP (2018) outlines the preferred framework for PFAS management including treatment, 
remediation, containment and disposal of PFAS-contaminated media. The PFAS NEMP highlights 
that any management response implemented must consider site-specific conditions in determining the 
best approach to the management of PFAS. The PFAS NEMP (2018) presents the hierarchy of 
treatment and remediation options (consistent with NT waste management requirements (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 the least preferred option). 

A2 Territory Legislation and Policy 

A2.1 Outline 

The following Northern Territory legislation and policy is relevant to the risk management of the 
Management Area: 
• Waste Management and Pollution Control Act (2016) – This Act provides protection of the 

environment through encouragement of effective pollution prevention and waste management 
practices and for related purposes.  

• Waste Management and Pollution Control (Administration) Regulations (2014) – Supports the 
administration of the Waste Management Pollution Control Act. 

• Water Act (2016) – This Act relates to water resource regulation and management in 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. 

• Water Regulations (2008) – Regulations under the Water Act. 
• Northern Territory Environment Protection Authority (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. 

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

• Northern Territory Environment Protection Authority (2017) Northern Territory Contaminated Land 
Guideline – A guideline 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. 

• Environmental Assessment Act (2013) – Provides for the assessment of the environmental effects 
of development proposals and the protection of the environment.  

• Environmental Assessment Administrative Procedures (2013) – Support the administration of the 
Environmental Assessment Act. 

• Planning Act (2017) – Provides for regulation of development on zoned land in the NT to ensure 
that proposed activities are fit for purpose. 

• Planning Regulation (2018) – Regulations under the Planning Act. 
• Dangerous Goods Act (2012) – Regulates the safe storage, handling and transport of dangerous 

goods. 
• Dangerous Goods Regulation (2018) – Regulations under the Dangerous Goods Act. 
• Public and Environmental Health Act (2016) – Provides for protection of public health. 
• Public and Environmental Health Regulations (2018) – Regulations under the Public and 

Environmental Health Act. 
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• Work Health and Safety (National Uniform Legislation) Act (2016) – Provides for a balanced and 
nationally consistent framework to secure the health and safety of workers and workplaces.  

• Work Health and Safety (National Uniform Legislation) Regulations (2017) – Regulations under the 
Work Health and Safety (National Uniform Legislation) Act. 

• Northern Territory Aboriginal Sacred Sites Act (2013 – Establishes a procedure for the protection 
and registration of sacred sites, providing for entry onto sacred sites and the conditions to which 
such entry is subject, establishing a procedure for the avoidance of sacred sites in the 
development and use of land. 

• Northern Territory Aboriginal Sacred Sites Regulation (2013) – Regulations under the Northern 
Territory Aboriginal Sacred Sites Act. 

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

There are currently no licenced waste facilities in NT which accept PFAS contaminated waste 
(including soil or water). This will need to be taken into consideration when selecting management 
options or when works are undertaken at the Base which may generate PFAS-contaminated waste. 
Off-Base disposal options to manage PFAS impacted solids and liquids is limited to inter-state 
transport to a licence facility following appropriate application and approval by regulatory authorities in 
each affected state or territory.  

Where management measures result in wastes that are to be discharged to Territory controlled land 
or waters, a waste discharge licence application under the Waste Management Pollution Control Act 
would be required from the NT EPA. 

Where surface water management measures involved significant drainage diversion that has the 
potential to alter water flows or flood protection, an application (under the Water Act) to the controller 
of waters would be required. 

A PFAS interagency working group (PFASIWG), now named the PFAS interagency steering 
committee (PFASISC), was established in April 2016 to implement a coordinated approach to the 
investigation and response to potential environmental and health issues related to PFAS. Following 
the publication of the NEMP, the working group has transitioned to the PFAS interagency steering 
committee (PFASISC). 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. 

The Northern Territory PFAS Legacy Site Investigation (NT PFASIWG, 2016) described the potential 
for development of NT specific guidance on assessment and/or management of PFAS contaminated 
land and groundwater and that management plans for various aspects may be developed. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

NT EPA is required to maintain a contaminated land register, which includes a register of 
contaminated sites and would likely include identified source zones on Base and future containment 
facilities.  
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Operation of a high temperature facility incinerator would most likely require licensing under the 
Waste Management Pollution Control Act, and suitable control of emissions and other environmental 
and public health risks would need to be demonstrated. 

Any management actions that may be deemed to have a significant adverse environmental impact in 
relation to aspects covered by Northern Territory legislation described above beyond the 
Commonwealth land boundary, may require formal assessment under the Environmental Assessment 
Act.  

Any management actions that may be deemed to require a sacred sites clearance would require 
assessment by the Aboriginal Areas Protection Authority under the Northern Territory Aboriginal 
Sacred Sites Act. 

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

No evident constraints or drivers identified.
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APPENDIX B: Interim response management analysis 

No interim responses implemented directly by Defence. 

Advisory notices have been developed by NT Department of Health based on information provided by 
Department of Defence and preparation and communication of such advisories have been supported 
by Defence.   
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APPENDIX C Source – pathway – receptor analysis 

This appendix described the source, pathway, receptor linkages for PFAS contamination related to 
activities at RAAF Base Darwin.  A graphical CSM is presented in Figure C1. 

Primary sources 

Source areas have been identified across the Base with respect to the historical storage, usage, 
handling and distribution of legacy AFFF containing PFAS contaminants. The primary source areas 
were investigated as part of the DSI and are described in Table C1 and shown in Figure 4, Appendix 
H.  

The current Airservices Fire Station, which is on DIA land, has been identified as a suspected source 
area, but is not on RAAF Base Darwin and has not been operated by the Department of Defence.  

Secondary sources 

Secondary sources of PFAS at the Base include: 

• PFAS adhered/adsorbed to soils in the vadose zone (unsaturated soils above the groundwater 
table) and impregnated in concrete hardstand and drainage infrastructure, migrating to 
groundwater or surface water with seasonal fluctuations in groundwater levels;  

• PFAS in sediments along Rapid or Ludmilla Creeks, drainage lines and surface soils across the 
Base mobilising during the Wet season; and 

• Movement of contaminated soils during historic construction activities and potential generation of 
PFAS-laden dust. 

Transport pathways 

Potential pathways for the migration of PFAS associated with application and use at the source sites 
include the following:  

• Vertical migration of PFAS through soil to groundwater; 

• Leaching of PFAS from impacted soils into groundwater or surface water in the Wet Season; 

• Migration of PFAS in surface water (site drains and surrounding creeks) to down-stream areas; 

• Infiltration of PFAS in surface water to soil and groundwater; 

• Lateral migration of PFAS in groundwater with the flow of the aquifer, which is towards Rapid 
Creek across most of the site, but also flows towards Ludmilla Creek from the south western 
section of Base and to Sadgroves and Reichardt Creeks from the southern section; 

• Discharge of groundwater into surface waters and associated sediments. This includes discharge 
of groundwater into unlined and lined stormwater drains, which form a significant mechanism 
across DIA into Rapid Creek and from the west of the Base to Ludmilla Creek; 

• Uptake of PFAS from sediment, groundwater and surface water by biota;  

• Uptake of PFAS in higher trophic level organisms by ingestion of biota; and 

• Release of PFAS to the environment from the decomposition of PFAS contaminated biota.   
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Receptors 

Land use in the area surrounding the Base is a mix of industrial, residential, and recreational uses, as 
well as some undeveloped land. The extent of contamination in soils, groundwater, and sediments 
and surface water are described in the DSI report.  Based on the reported concentrations and 
migration pathways, the relevant receptors of PFAS contamination are:  

• Site personnel who may come into contact with contaminated soils or water in drains; 

• On-base maintenance workers conducting sub-surface works or working with Fire Training Area 
waste water; 

• On-base construction workers conducting excavation works that intercept contaminated soils and 
groundwater; 

• Off-base maintenance workers conducting sub-surface works in contact with contaminated 
groundwater; 

• Off-base construction workers conducting excavation works in contact with contaminated 
groundwater; 

• Off-base residents who use extracted contaminated groundwater; 

• Recreational users, undertaking activities such as swimming and fishing, within Rapid Creek, 
Ludmilla Creek; and 

• Terrestrial plants and animals on Base that come into regular contact with source areas; 

• Aquatic and riparian plants and animals that live in or feed from Rapid Creek or Ludmilla Creeks. 

 

Table C1: Primary source areas and likely migration  

Source Area Likely migration Mass of 
PFAS in 
Soil (kg) 

Mass of 
PFAS in 

Groundwater 
(kg) 

Mass Flux 
in GW 

(g/year) 

Surface water 
migration 
observation 

Former Fire 
Training Ground 1  

Surface water and 
groundwater 

discharge to Rapid 
Creek. Partial 
groundwater 
discharge to 

Reichardt Creek. 

33 1 8 
High leachability and 
high run off potential 
to drain SE of runway 

Former Fuel Farm 
5 2 1 4.5 

Low run-off potential 

Former Fuel Farms 
4 & 6  10 5 610 

Low run-off potential 

PFAS treated 
stockpiles  

No current migration 
16 NA NA 

Low run-off potential 
in current state 

Former ARFF fire 
station 

Surface water 
discharge to Rapid 

Creek and 
groundwater 

migration to Rapid 
Creek and Ludmilla 

Creek 

18 28 560 

Low run-off potential 

Former Fuel Farm 
1 & Hangar 31  

Surface water and 
groundwater 17 3.5 50 

Moderate run off 
potential from soils 
and infrastructure  
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Former RAAF fire 
station 

discharge to 
Ludmilla Creek 

2 0.3 40 

Moderate run off 
potential from soils 

and infrastructure to 
Ludmilla Creek 

stormwater drain 

Former Fire 
Training ground 2  

Surface water and 
groundwater 

discharge to Rapid 
Creek. 

20.3 0.3 20 
Low run-off potential 

Current Fire 
Training ground  17 6 100 

High run off potential 
to drains towards 

Rapid Creek 

Diffuse Sources  58 333   

Totals  193 380   
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Table C2: Receptors and Exposure Pathways 

Source 
Media 

Exposure 
Pathway  

Human Receptors Ecological receptors 
On-Base Off-Base On-Base Off-Base 

  On-Base 
Residents 

On-Base 
workers  

Construction 
and 

Maintenance 
Workers 

Off-Base 
Residents 

Off-
Base 

workers 

Off-Base 
construction 

& 
maintenance 

workers 

Off-Base 
recreational 

users of 
water bodies 

Off-Base 
consumers 
of aquatic 
species 

Terrest. Aquatic Terrest. Aquatic 

Soil Dermal contact X Y X X X X NA NA NA NA NA NA 
Incidental 
ingestion  X Y Y X X X NA NA NA NA NA NA 

Inhalation – dust Y Y Y Y Y X NA NA NA NA NA NA 
Direct Contact/ 
Uptake  NA NA NA NA NA NA NA NA Y NA NT NA 

Bioaccumulation  NA NA NA NA NA NA NA NA Y NA NT NA 
Surface 
Water 

Dermal Contact X X X X X X X NA NA NA NA NA 
Incidental 
Ingestion Y Y Y Y Y Y Y Y NA NA NA NA 

Direct 
Contact/Uptake NA NA NA NA NA NA NA NA Y Y Y Y 

Bioaccumulation NA NA NA NA NA NA NA NA NA Y NA Y 
Sediment Dermal Contact X X X NT X X X NA NA NA NA NA 

Incidental 
Ingestion Y Y Y NT Y Y Y Y NA NA NA NA 

Inhalation (Dust) Y Y Y Y Y Y Y NA NA NA NA NA 
Direct Contact/ 
Uptake NA NA NA NA NA NA NA NA Y Y Y Y 

Bioaccumulation NA NA NA NA NA NA NA NA NA Y NA Y 
Groundwater Dermal Contact X X X X X X NA NA NA NA NA NA 

Ingestion (direct 
or incidental) X X Y Y Y Y NA NA NA NA NA NA 

Direct 
Contact/Uptake NA NA NA NA NA NA NA NA Y NA Y NA 

Bioaccumulation NA NA NA NA NA NA NA NA NA NA NA NA 
Fish  Ingestion NA NA NA NA NA NA NA Y NA NA NA NA 
Crustaceans  Ingestion NA NA NA NA NA NA NA Y NA NA NA NA 
Molluscs Ingestion NA NA NA NA NA NA NA Y NA NA NA NA 
Aquatic 
Plants 

Ingestion NA NA NA NA NA NA NA NT NA NA NA NA 
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Table Notes 

X – Pathway not complete 
Y – Pathway Complete 
NA – Not applicable 
NT – Not tested 

Below Adopted Screening Criteria Above adopted screening criteria Screening Criteria not available 
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APPENDIX D Options analysis criteria 

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

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

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

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

Category 1 PWC approval required 
above $15 million.6 

> $13,000,000 

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

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

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

Category 4 Community level actions7 < $500,000 

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

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

2 Effectiveness 
rating 

Assign an effectiveness rating in accordance with the following criteria: 

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

High with 
supplementary 
option 

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

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

Medium with 
supplementary 
option 

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

                                                      

 

 

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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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. 

 

3 Implementation 
period / 
timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

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

Extended implementation period 

− Long term: beyond 3 years. 

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

4 Potential 
impacts 

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

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

5 Estimated net 
environmental 
benefit 

Whether the impacted environment as a whole would experience a net 
benefit. Rated as: 

− Negative: Option causes net environmental harm 
− Marginal: No or minor positive changes to population densities in 

the environment or in any ecosystem 
− Moderate: Positive change to population densities or non-

sensitive species 
− Significant: Significant positive change to the number of one or 

more species or ecosystems 

Risk-based analysis 

6 Proportion of 
action to risk 

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

7 Best-practice 
status 

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

8 Verification 
status 

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

9 Technology 
assessment 

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

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

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

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

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

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

11 Key 
Dependencies 

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

Defence implications 

12 Defence 
capability 

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

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

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

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

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

16 Owner / 
occupier 
consents and 
views 

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

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

 

                                                      

 

 

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

This Appendix provides the analysis of the management options identified as available to address the 
range of risks identified in the DSI and risk assessments. 

Source Area Management (Soil) 

Option 1 Cap or seal contaminated soils and surfaces 

No # R1.3 

Title (functional) Cap contaminated soils or seal contaminated surfaces 

Description Place physical cover or seal surfaces to reduce contaminated 
run-off, leaching to groundwater and direct contact.  

Objective Reduce concentrations in surface waters of Base drains and 
Rapid and Ludmilla Creeks. 
Control direct human exposure and exposure of ecology to 
contaminated soils  

How this objective contributes to 
managing the identified risk  

Reduces the PFAS run-off from contaminated soils and 
infrastructure to drains 
Prevents direct contact with soils in primary source areas 

The extent to which this option is 
expected to meet the objective 

Low permeability cover would significantly reduce 
concentrations in run-off in early Wet season but would not 
be as effective late in the Wet season when groundwater 
levels are shallow and intercept surface drains.  Physical 
cover would prevent exposure for as long as it is maintained. 
Sealing infrastructure would be expected to significantly 
reduce concentrations in run-off resulting from back diffusion 
from surfaces.  The percentage contribution from this 
pathway is not known.  

Whether the option addresses 
− source,  
− pathway, 
− receptor, and/or 
− extended implementation 

period requirements 

Pathway interception close to the source. 

Supplementary / complementary 
options 

Capping and sealing may be applied as a short-term measure 
while planning and procurement of source removal are 
conducted. Capping is not considered a long-term approach 
for management of source impacts.  

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 2 (>$1.5M & <$15M) 

2 Effectiveness 
rating 

Low: As a standalone option, this will not achieve the remedial objective to 
address multiple risks from source areas. This option will need to be completed in 
conjunction with other remedial options. This option while effective for run-off 
reduction and reducing direct contact exposure for ecology, does not reduce risks 
from groundwater migration and does not reduce the source. 
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3 Implementation 
period / 
timeframe 

Primary implementation period 

− Short term: 0-12 months 

4 Potential 
impacts 

Environmental and socio-economic impacts: 
• Positive: 

- Reduction of PFAS run-off from primary source areas 
- Low energy needs 

• Negative 
- Requires soil movement 
- Requires maintenance in perpetuity 

5 Estimated net 
environmental 
benefit 

Marginal 
Low carbon and energy inputs, but also limited improvement of site condition.   

Risk-based analysis 

6 Proportion of 
action to risk 

Action is disproportionate to net environmental benefit, and only addresses 
limited number of risks.  

7 Best-practice 
status 

Option is considered best practice, until source removal is completed, or where 
other measures manage groundwater migration.  

8 Verification 
status 

Well established process for non-volatile contaminants where leaching to 
groundwater is not a driver. 

9 Technology 
assessment 

Plant and consumables readily available in market.  If clay capping is proposed, 
then a suitable source would need to be identified.  Geomembrane liner material 
available within Australia. 

10 Risks and 
mitigation 

Secondary risks 
- May change surface drainage and lead to flooding 
- Would result in contamination of some capping material and increase ultimate 

source volume for subsequent removal 
Residual risks 
- treatment aims to reduce direct contact and PFAS surface run-off in source 

areas. It will not address PFAS impacted groundwater and will not materially 
reduce risks at off-Base points of exposure.  

11 Key 
Dependencies 

Requires surface profiling to maintain site use or suitable drainage, while 
accommodating a thickness of added cover or liner.    

Defence implications 

12 Defence 
capability 

Short term impact on Defence associated with excavation/profiling and cover 
placement 

13 Project fit Good fit as a short-term measure if source removal is planned in the long term. 

14 Scalability Scalable 

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

Commonwealth 
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16 Owner / 
occupier 
consents and 
views 

Defence 
Design would need to consider site profiling to ensure usable surface and 
adequate drainage.  Earthworks disruption may be considered low value if 
contamination remains. 

17 Community Positive view from local community if implemented as a rapid action prior to 
source removal.    

 

Option 2 – Containment via Immobilisation/Stabilisation  

No # R1.6, R2.5, R3.7, R6.4 

Title (functional) Containment of soil via immobilisation or stabilisation techniques.   

Description Addition of a binding agent to the soil profile to immobilise PFAS 
within the soil matrix restricting leaching to groundwater.  

Objective To immobilise the contaminant within the soil profile. Use of 
commercially available binding agents has been demonstrated to 
retard contaminant migration.    

How this objective contributes to 
managing the identified risk  

This option breaks the linkage between PFAS sources in soil and the 
migration pathway (groundwater and surface water).  

The extent to which this option is 
expected to meet the objective 

The option involves in-situ mixing of soils with a binding agent 
(example: MatCARE or Rembind) to reduce or prevent leaching of 
PFAS from soils or reducing pore volume to retard contaminant flow 
within the aquifer.  
Ex-situ option will involve excavation and mixing of soils with the 
binding agent prior to replacement. To further enhance the 
effectiveness of this option, placement of a low permeable capping 
layer over treated soils to reduce infiltration which will requires 
excavated soils to be managed prior to placement.  

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended 

implementation period 
requirements 

This option modifies the source materials to restrict PFAS entering 
groundwater and/or surface water.  
The PFAS source will remain in-situ within the soil. While lab trials 
have indicated the effectiveness of this option to reduce leachable 
concentrations with various proprietary agents available within 
Australia, the long-term viability of this option is still uncertain. 
Treatability trails will be necessary to demonstrate option is viable in 
a site-specific context.  

Supplementary / complementary 
options 

Capping to reduce infiltration of precipitation or surface water 
completed in conjunction with this option would improve the remedial 
action.  Immobilisation could also be applied in combination with 
excavation and on-Base containment, or off-Base disposal to reduce 
hazard rating. 
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Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 3 where <2000m3 requires 
treatment. Option would fall into Category 2 where a larger volume requires 
treatment.  

Depending on logistical constraints, the option can be completed ex-situ and in-situ 
within the same area. 

- Will require pilot trials to assess suitability of the binding agent and lab trials to 
assess effectiveness in reducing leachable concentrations.  

- Long term stability of this option is unknown and will need to be understood.  
- Depending on soil type, amendment dosage may be high (e.g. 10% -15% by 

volume to be added to the soil). 

2 Effectiveness 
rating 

Medium with supplementary option 

Stabilisation or sorption options will reduce leaching of PFAS with soil mixing 
technologies available in Australia. Trials have indicated reduction in leachability. 
Option would only target primary source areas, and may not be practical in areas 
where sources extend under existing infrastructure (e.g.  Former Fuel Farm 5, 
ARFF, Hangar 31, Fuel Farm 1 and current Fire Training Area).  

Capping of soils would enhance the outcome of this option.  Limited information 
available regarding success of this option at a commercial scale.  

3 Implementatio
n period / 
timeframe 

Primary implementation period 
− Treatability trials completed in short term (3-6 months).  
− Implementation completed over 6-12mths months.  

Post Implementation Monitoring Period 
− This Option anticipates a period of post-remediation monitoring to assess 

the effectiveness. This is likely to comprise a period approx. 2 years.  

4 Potential 
impacts 

Environmental and socio-economic impacts: 
Positive  
• Primary source area immobilised/stabilised reducing mass flux.  
• Stabilised source materials in a not readily bioavailable to flora/fauna.  
• Can be completed ex-situ and in-situ. 
• No operation and maintenance costs, other than monitoring 
• Minimal/negligible waste volumes.  
Negative 
• PFAS mass remains within the soil.  
• Long term performance of immobilised soil unknown.  
• Potential constraint to future development. Additional treatment or disposal 

may be required if area is to be subject to future development 

5 Estimated net 
environmental 
benefit 

Moderate within Primary Source Areas over the medium term.  
Improvement in surface water and groundwater quality off-base will occur quicker 
relative to the ‘do nothing’ approach but results are expected to be demonstrated 
over the long term.   
Significant as this option will control the main source area of PFAS on site, 
reducing downstream exposures and impacts to human health and the 
environment. 
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Risk-based analysis 

6 Proportion 
of action to 
risk 

Proportionate 
 

7 Best-
practice 
status 

Good Practice 
This option aims to reduce/eliminate PFAS migration from soil to groundwater. 
Combined with low permeability capping layer, this option is considered a viable 
option to mitigate ongoing groundwater contamination risks, although unlikely to be 
considered ‘best practice’ solution compared to an engineered cell or contaminant 
destruction. 

8 Verification 
status 

Successful trials have indicated reduction in leachable PFAS concentrations. Long 
term effectiveness of the binding agent is still unclear. Release pattern of PFOS 
from treated soils depends on soil clay, organic matter content and pH.  
Limited information existing regarding the success of this option at a commercial 
scale.  

9 Technology 
assessment 

Infrastructure and energy requirements 
- Remediation contractors available to supply and use specialised plant to 

apply treatment to soil 
- No energy or maintenance requirement following application of remedial 

treatment. 
Reliability of technology 

− test shown to reduce the detectable concentration of leachable PFAS by 
approximately 99%. 

− Long term stability unknown.  
− Ongoing monitoring of groundwater and surface water in the medium to 

long term to provide indication on likely success of implementation.  
ability to monitor effectiveness 

- Soil leachate analysis will confirm effectiveness of applying treatment. 
- Long term monitoring requirements still uncertain.  

ability to obtain any necessary approvals 
- Regulatory approval will be required including limitations on soil reuse or 

restrictions on further developments (infrastructure) in the area the 
remediation option is applied.  

10 Risks and 
mitigation 

- Organic content in soil will affect the delivery and distribution of binding agent. 
Lab trials (bench scale studies) will be required (3 to 6 months) to assess 
dosing requirement and delivery method specific to each area of the site.  

- Durability of treatment option uncertain over the longer term. Long term 
management required to check treatment remains effective.  

- Impacts to future use of base areas/future development unknown. Identification 
of immobilised soil recorded to prevent unintentional disturbance and/or spread 
of immobilised soil.   

11 Key 
Dependencies 

Additional controls required to address risks at point of exposure over the medium 
to long term. These may include administrative controls to restrict fish 
consumption, or implementation of other remedial measures in off-site areas.   
Commitment from Defence in enforcing restrictions on development or other 
subsurface activities in the area.  
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Defence implications 

12 Defence 
capability 

Potential impacts to Defence operations – e.g. temporary restrictions to use 
of land adjacent to areas where this is applied (Former Fuel Farm 5, ARFF, 
Hangar 31, Fuel Farm 1 and current Fire Training Area). Potential constraints 
to future development of Defence land.  

13 Project fit Limited experience to immobilise PFAS at field scale.  

14 Scalability Remedial option is scalable.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

Commonwealth, given on-Base application only. 
Likely to be viewed as a positive action, but would require demonstration of 
long-term behaviour, or implementation of secondary control. 

16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier would potentially see retention of mass in-situ as a negative, given 
potential for future impact on soil management or development. 

17 Community No community impacts identified.  
Source management is anticipated to be received positively by the 
community, although the timescales to which it would result in measurable 
improvements to surface/groundwater water in offsite areas is uncertain, 
which may erode positive sentiment over the medium to longer term 

 

Option 3 Containment of Soils in a Designated Cell  

No # R1.8, R2.6, R3.8, R6.5 

Title (functional) Excavation of soil impacts and relocation to a designated purpose-built cell at 
the site. Cell is lined and capped with impervious liner and managed in 
perpetuity.    

Description Excavation and long-term storage of PFAS impacted soils in a purpose-built 
cell at the site.   
The cell will need to be constructed with basal lining system, surface capping 
system and leachate control included as part of the construction. Careful 
consideration in selection of cell location to ensure it is protected from damage 
from fires, or erosion in the Wet season.  
Long-term storage to a purpose-built cell will remove source impacts from the 
site, however noting the long-term monitoring of the cell will be required to 
ensure integrity is maintained.   

Objective To isolate source impacts from multiple areas across the site in to a 
containment cell that prevents the release of PFAS.  

How this objective 
contributes to 
managing the identified 
risk  

Excavation of PFAS from source areas will remove direct contact risks, 
prevent leaching of PFAS impacts to groundwater and surface water 
(impacted) run off. 
This option breaks the linkage between source of PFAS in soil and the 
migration pathway removing source impacts  

The extent to which 
this option is expected 
to meet the objective 

Option will encapsulate the source mass, thereby reducing mass migrating off 
base over time. This option does not address point of exposure risks in the 
short to medium.  



PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 
 

 83 July 2019 

Whether the option 
addresses 

− source,  
− pathway 
− receptor, 

and/or 
− extended 

implementation 
period 
requirements 

This option removes the PFAS mass in the primary source areas for storage 
in perpetuity preventing release of PFAS to surrounding environment.  

Supplementary / 
complementary options 

This option should be carried out in conjunction with controls to mitigate point 
of exposure risks (e.g. administrative controls).   

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

Category 2 (>$1.5M & <$15M) 

- Complete removal of source impacts from each affected area.  
- Containment cell area/volume depends on soil volume.  for area within the base 

away from sensitive receptors required.  
- Will require works approval and regulatory approval to build containment cell 

similar to existing landfill arrangement.  
- Monitoring and maintenance requirement in perpetuity, and potentially beyond 

the life of base operations.   

2 Effectivenes
s rating 

High:  The option is projected to meet all its objectives or meet a ‘best available’ 
standard with source impacts removed.  Long term monitoring and future 
developments in the proposed containment area will need to be considered prior to 
implementation.  
It is noted that the contaminant mass within the soil matrix is not destroyed rather 
encapsulated in a designated lined cell.   

3 Implementati
on period / 
timeframe 

Primary implementation period  
Medium term: 3 years  
This will require identification of potential locations within the base for building the 
purpose-built cell, cell design, obtaining necessary regulatory permits to construct 
and store material.  
Post Implementation Monitoring Period 

− Long Term – in perpetuity.  

The containment cell will need to be maintained and monitored with controls on 
future development. The extent of monitoring and management of containment area 
will extend beyond the operational period of the base.   

4 Potential 
impacts 

Environmental and socio-economic impacts  
• Positive  

o Primary source encapsulated in containment cell. 
o Reduction of PFAS mass migrating from site.  

• Negative 
o PFAS isn’t destroyed and remains on base.  
o Long term monitoring and maintenance required.  
o Potential constraint to future development.  
o Regulatory approvals and stakeholder acceptance of proposed 

approach.    
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5 Estimated 
net 
environment
al benefit 

Moderate - this option will reduce mass flux from primary source areas reducing 
impacts to groundwater on base, and off-site over the longer term.  
 

Risk-based analysis 

6 Proportion 
of action to 
risk 

Proportionate 
Site selection for proposed containment cell would require further investigation, and 
design to ensure option meets objective. Option relies on traditional engineering 
principles, with regulatory approvals process in place to containment cells is 
designed and constructed in accordance with a construction quality assurance plan 
approved by the regulator. This will provide a means of demonstrating to the EPA 
and the community that the construction meets the design requirements. 
Once constructed and filled, will require capping and rehabilitation, and management 
over the long term.  

7 Best-
practice 
status 

Containment cell can be designed to achieve best practice. Combined with other 
controls to mitigate point of exposure risks will mitigate identified risks over the 
longer term.  

8 Verification 
status 

Not applicable 

9 Technology 
assessment 

Infrastructure and energy requirements 
− Will require land area sufficient for the construction of the containment cell.  
− No energy requirement following construction. 
Reliability of technology 
− Excavation and storage of contaminants in a designed designated storage 

facility is a proven methodology to isolate contaminants, by removing 
pathways to receptors 

Ability to monitor effectiveness 
− Validation of excavation at the source will confirm excavation effectiveness 
− Surface water and groundwater monitoring surrounding the containment cell 

area would be used to validate cell design. 
− Regulatory approval will be required.  

10 Risks and 
mitigation 

Durability of liner over the longer term. 
Long term management, potentially beyond the occupation of the site by Defence.  
Leachate collected within containment cell will require management (treatment or 
disposal), although leachate volumes would reduce over time where liner remains 
intact.  

11 Key 
Dependencies 

Additional controls required to address risks at point of exposure over the medium to 
long term. These may include administrative controls to restrict groundwater use, or 
fish consumption, or implementation of other remedial measures in off-site areas.   

Defence implications 

12 Defence 
capability 

Availability of suitable land area for building containment cell may result in some 
disruption to on-site operation, although this could be minimised depending on 
location selection within the site.  
Containment cell could pose constraint to future development on base.  
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13 Project fit Established technology.  
Cell could be designed to take waste from other Defence sites impacted by PFAS.    

14 Scalability Remedial option scalable 
 

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

Commonwealth and potentially NT Government 
Although Territory regulator would not have jurisdiction over an on-Base 
containment cell, communication and in principle agreement from NT EPA would 
assist with community acceptance.  

16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views would be driven by the proposed location of the containment cell 
and other waste streams that may also be accommodated.  

17 Community Limited community impacts identified.  
On-Base containment may initially be considered negatively as retention of 
hazardous material within the region, and strict controls on the construction, 
placement and monitoring would need to be demonstrated to communicate the 
positive aspects. 

Option 4: Thermal Desorption of PFAS impacted Soil/Sediment & Groundwater from Primary 
Source Zones  

No # R1.9, R3.9, R6.6 

Title (functional) Thermal Desorption of PFAS Impacted Soil/Sediment & 
Groundwater from Primary Source Zones 

Description Vapour Energy Generator (VEG) Thermal Desorption  
Ex-situ thermal treatment of PFAS impacted media in source zones 
using high temperature steam to desorb PFAS. Vapour stream 
generated from the desorption process is collected and treated to 
oxidise PFAS and manage acidic gases.  
Chemical mass desorbed from soils is transformed into a synthetic 
gas (syngas), which offsets fuel (gas) consumption.  
PFAS impacted groundwater can be used as water source in place 
of potable source to generate steam.  

Objective Reduction of PFAS mass in primary source areas – Applicable to 
areas where excavation can be completed. 

How this objective contributes 
to managing the identified risk  

Removal and destruction of PFAS in soil, sediment and 
groundwater.  

The extent to which this option 
is expected to meet the 
objective 

Option will reduce source mass, reducing mass migrating off base 
over time.  
Option does not address point of exposure risks in the short to 
medium term.  

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 

This option aims to reduce the PFAS mass in primary source areas.  
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− extended 
implementation period 
requirements 

Supplementary / 
complementary options 

This option should be carried out in conjunction with controls to 
mitigate point of exposure risks (e.g. administrative controls) 

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 2 (>$1.5M & <$15M) 
assuming: 

- Treatment aims to destroy ~90% PFAS mass from primary source areas. 
- Requires excavation and ex-situ treatment of soils with ASLP > 0.7ug/L 

PFOS + PFHxS.  
- Abstraction and treatment of heavily impacted groundwater from source 

areas.   
- Mobilisation of single desorption treatment plant to treat source mass. 
- Treated soils reused to backfill excavation (subject to geotechnical 

suitability).  
- Post-remediation monitoring to demonstrate effectiveness (2 years) 

2 Effectiveness 
rating 

High with supplementary option 

Thermal treatment of impacted soil/sediment will reduce PFAS mass migrating 
beyond source areas. Highly impacted groundwater from source area could 
also be abstracted and treated using the same treatment plant. 

Supplementary options to enhance remediation outcome may administration 
controls to restrict exposure. 

3 Implementation 
period / 
timeframe 

Primary implementation period 
− Medium term: 3 years to delineate source mass, conduct treatment 

trials (Proof of Performance (POP)), obtain permit to operate, mobilise 
and commission treatment plant, excavate and treat, and demobilise. 
Treatment rates estimated to be 100m3 to 500m3 per day depending on 
moisture content and particle size of soils being treated.  

Post Implementation Monitoring Period 
− This Option anticipates a period of post-remediation monitoring to 

assess the effectiveness of groundwater treatment. This is likely to 
comprise a period of 2years.  
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4 Potential 
impacts 

Environmental and socio-economic impacts: 
• Positive: 

- Reduction of PFAS mass in soil and groundwater in primary source 
areas.  

- Destruction of PFAS, removing the need for subsequent management 
of PFAS wastes.  

- Treatment process could be used to treat PFAS impacted materials 
from secondary source areas.  

- General acceptance by regulatory and community stakeholders.  
 

• Negative 
- Emissions from treatment require management, although this would be 

controlled as part of permitting process.   
- Energy consumption relatively high 
- Unlikely to result in lifting of restrictions on groundwater use off site or 

consumption of fish/crustaceans caught in river in short to medium 
term.  

5 Estimated net 
environmental 
benefit 

Moderate within Primary Source Areas over the short to medium term.  
Destruction of PFAS negates the need to manage treatment PFAS wastes.  
Improvement in groundwater quality off-base will occur quicker relative to the 
‘do nothing’ approach but results are expected to be demonstrated over the 
long term.   

Risk-based analysis 

6 Proportion of 
action to risk 

Proportionate when ongoing monitoring and controls management is taken into 
consideration.  Disproportionate high, if initial benefits and considered in 
isolation. 

7 Best-practice 
status 

Considered to represent best practice standard for treatment of source mass. 
Improved project outcome when combined with other controls to mitigate risks at 
point of exposure.  

8 Verification 
status 

Treatability trials required to demonstrate POP and optimise treatment 
rates/process. Demonstrated to be effective at destroying PFAS in soil, sediment 
and water at several US sites.  

9 Technology 
assessment 

• Infrastructure and energy requirements 
- Vapour Energy Generator (VEG) is manufactured in US. Other 

equipment readily available through local/national suppliers. 
- Relatively high energy consumption  
- Modular design possible to expand/reduce treatment needs.  

• ability to construct and operating technology 
- Supplier based in US, who holds expertise to construct and operate 

plant. Local operators would supply labour for earthworks, groundwater 
and waste management.  

• reliability of technology 
- proven technology to remove PFAS in a number of sites in US. POP trial 

required to demonstrate effectiveness/optimise treatment. 
- Commissioning stage to be anticipated to refine O&M requirements.  

• ability to monitor effectiveness 
- standardised sampling procedures to measure treatment effectiveness 

(PFAS removal).  
- PFAS removal and system performance can be monitored through 

thermocouple instrumentation to assess treatment temperatures which 
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are correlated to contaminant removal using grab samples of treatment 
material that are analysed in a laboratory. 

- sampling of groundwater bores to assess mass reduction and 
compliance with objectives 

• ability to obtain any necessary approval  
- Permitting required to operate thermal desorption plant. This is likely to 

comprise emission compliance standards, and operating periods    
• availability of services and materials 

- VEG manufactured/supplied out of US. Lead time unknown.  
- Other plant and consumables readily available in market.  

10 Risks and 
mitigation 

Secondary risks 
- Liquid waste from vapour treatment requires management. This waste 

comprises a dilute liquid solution of sodium nitrate (from the nitrous oxides), 
sodium bisulfate (sulphur oxides), sodium chloride (from hydrochloric acid), 
and sodium fluoride (hydrofluoric acids), together with water and lime. Waste 
likely to be accepted at local water treatment facility, although confirmation 
required.  

- High temperature unit and fuel (gas) delivery will require hazard assessment 
and specific on-Base operating procedures. 

Residual risks 
- treatment aims to reduce PFAS mass in source areas. It will not address 

PFAS impacted groundwater  

11 Key 
Dependencies 

Further source characterisation required to delineate source mass requiring 
treatment could be completed in ~6mths. Treatability trials (POP) undertaken in 
~2-4mth period. Appointment of contractor, permitting and mobilisation ~6mths.  
Operating thermal treatment plant on base may pose risks to Defence operations 
(e.g. storage of natural gas, venting emission etc.) although these could be 
minimised through site selection and setup design. Additional controls required to 
address risks at point of exposure over the medium to long term. These may 
include administrative controls to restrict groundwater use, or fish consumption, 
or implementation of other remedial measures in off-site areas.   

Defence implications 

12 Defence 
capability 

Operating thermal treatment plant on base may pose risks to Defence 
operations (e.g. storage of natural gas, venting emission etc.) although these 
could be minimised through site selection and setup design. 
 

13 Project fit Technology is currently in use at other sites internationally to treat PFAS 
impacted soil and groundwater.  

14 Scalability The treatment technology is mobile and modular. Capacity can be adjusted to 
meet treatment requirements.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

Commonwealth and NT Government 
Although Territory regulator would not have jurisdiction over on-Base actions, 
liaison and in principle agreement from NT EPA would be advisable for 
operation of a high temperature thermal unit, in order to provide community 
comfort regarding safety and emissions.  
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16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views will depend on location of unit operation and disruption caused 
by soil and fuel movements.  Some concerns may also be expressed regarding 
safety of a high temperature unit on Base. 

17 Community Visible steam plume may represent aesthetic impact although source 
destruction is anticipated to be received positively by the community.  
The timescales for source treatment to result in measurable improvements to 
groundwater quality in offsite areas is uncertain, which may erode positive 
sentiment over the medium to longer term  

 

Option 5: Use of Passive Treatment (adsorbent) in surface water drains across primary source 
areas.  

No # R1.4 

Title (functional) Inline Passive treatment of surface water discharge 

Description Rerouting of drainage from primary source areas and inline 
treatment of surface water discharge using Granulated/Powdered 
Activated Carbon or Resin 

Objective Reduction in contaminant mass loading to receptors via surface 
water by rerouting drainage and passive treatment within drains 
before discharge  

How this objective contributes 
to managing the identified risk  

Removal/or reduction of PFAS prior to discharge to creeks.  

The extent to which this option 
is expected to meet the 
objective 

Option will reduce mass migrating off base over time. Option does 
not address source impacts in the long term and point of exposure 
risks in the short to medium term.   
Would reduce concentrations in some sections, but not likely to 
have notable or lasting impact along the full waterway, due to 
groundwater seepage. 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended 

implementation period 
requirements 

Option will intercept pathway and reduce mass migrating off base in 
specific waterways while in operation. Will be effective in only drain 
points where this option is implemented.  
 

Supplementary / 
complementary options 

This option is an interim approach while long term source removal 
options are finalised and implemented.  
Option does not address point of exposure risks in all surface water. 
Option would need to be combined with administrative controls to 
mitigate other point of exposure risks (i.e. other sections of drains or 
creek) and in combination with source removal for long-term 
improvement. . 
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Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 3 (>$450K & <$2M) 
assuming: 

- Treatment aims to reduce concentrations in drains discharging to Rapid or 
Ludmilla Creeks in the wet season when surface water is running. 

- Drains within primary source areas will required to be sealed with diversion 
and installation of new drain points upgradient of source area.   

- Installation of inline absorbent media (suspended media within drains or 
adsorbent filters) will need to be installed on multiple drains points 
downgradient of source area.  

- Passive treatment expected to reduce source mass in surface water 
however not effective as a primary method of treatment. 

- Monitoring conducted during operation.  
- Ongoing management of spent GAC and replenishment. 

2 Effectiveness 
rating 

Low due to limited area of influence 

This option will likely reduce concentrations of PFAS in surface water 
immediately downstream of the treatment point but is unlikely to have a 
significant impact on the total mass leaving the site, or concentrations in Rapid 
or Ludmilla Creeks due to groundwater seepage. May not be effective due to 
the wide network of drains servicing each area. 

Redirecting of drains or restrictions to flow (installation of baffles to increase 
residence time for treatment) will likely result in overfilling of drains and flooding 
(wet season).  

3 Implementation 
period / 
timeframe 

Primary implementation period 
− Long term: 10 years+ 
− Potentially short term, if implemented as an interim measure prior to 

source removal. 
Post Implementation Monitoring Period 
This Option does not warrant post-implementation monitoring as surface water 
concentration will not be permanently changed by implementation.   

4 Potential 
impacts 

Environmental and socio-economic impacts: 
Positive: 

- Short term reduction of PFAS concentrations in some exposure points.  
- Captures ongoing contaminant releases via run off. 

Negative 
- Spent treatment media requires further treatment, or long-term storage.  
- Will not improve site condition long-term. 
- Will not materially reduce concentrations in the Creeks. 
- Significant earthworks and storm water design required prior to 

implementation.   
- Disruption of ongoing site operations during implementation. 

5 Estimated net 
environmental 
benefit 

Low 
Improvement in surface water quality in target zones will occur quicker relative 
to the ‘do nothing’ approach but effort in implementing the option and ongoing 
management outweigh the net environmental benefit. 
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Risk-based analysis 

6 Proportion of 
action to risk 

Disproportionate - high 
Passive approach with limited success. Relies on the ability to rework or redirect 
existing drainage points and implementation of inline treatment. While treatment 
options using ex-situ using adsorption techniques have been proven to be 
effective, in line treatment option will require trialling prior to implementation.  

7 Best-practice 
status 

This option aims to reduce PFAS in isolated drainage locations only and does not 
aim to address PFAS impacts at other areas within base and impacts off-base.  
As such, not considered a ‘best practice’ solution in isolation.   

8 Verification 
status 

Ex-situ treatment of groundwater using adsorbent media has been successfully 
implemented in other Defence sites. However, uncertainty exists regarding the 
relative success of the passive treatment option. Uncertainty existing regarding 
the ability to implement within the drains and creeks due to variable flow and 
sediments.  
Some uncertainty exists regarding the management of spent treatment media in 
a cost-effective manner.   

9 Technology 
assessment 

• Infrastructure and energy requirements 
- Earthworks to rework and divert exiting drains. Once completed limited 

infrastructure requirements on an ongoing basis. 
- No energy or maintenance requirement following application of remedial 

treatment. 
- Modular design possible to expand to multiple discharge locations. 

• ability to construct and operate technology 
- Reasonable expertise in market to construct and operate plant 

• reliability of technology 
- proven technology to remove PFAS from water.  
- Design stage to be anticipated to refine O&M requirements.  

• ability to monitor effectiveness 
- standardised sampling procedures to measure treatment effectiveness 

(PFAS removal) 
- sampling of surface water before and after implementation to assess 

mass reduction and compliance with objectives 
• ability to obtain any necessary approvals 

- Approvals likely required prior to diversion of surface water to 
demonstrate impact to flooding potential 

- Permitting required to either store spent treatment media (base 
permitting system) or transport media to offsite treatment facility.    

• availability of services and materials 
- plant and consumables readily available in market.  

10 Risks and 
mitigation 

Low risk and manageable 
Secondary risks 
- management of spent treatment media requires consideration 
- co-contaminants dissolved within groundwater may reduce the effectiveness 

of treatment 
- Changes to flow conditions (rain events/wet season) will result in flow 

restrictions (flooding) or high rate of media usage for treatment requiring 
replacement.  

Residual risks 
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- treatment aims to reduce PFAS mass at the localised discharge point. It will 
not address PFAS impacted beyond the extent of the treatment location.  

11 Key 
Dependencies 

Additional controls required to address risks at point of exposure over the 
medium to long term. These may include administrative controls to restrict 
groundwater use, or fish consumption, or implementation of other remedial 
measures in off-site areas.   

Defence implications 

12 Defence 
capability 

Earthworks to consider ongoing Defence operational requirements although 
upgrades to drainage can be staged to minimise impacts on critical 
infrastructure. 

13 Project fit Treatment by GAC has been used at other sites internationally to treat PFAS 
impacted soil and groundwater.  

14 Scalability Passive inline treatment can be implemented at individual locations to meet 
discharge and treatment requirements.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

NT Government 
With or without treatment, the surface water runoff is collected by network of 
drains across the site. As such, interim treatment is likely to be viewed 
positively.  

16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views will depend on location and associated disruption from 
equipment.  Perceived and demonstrated value of the action will also influence 
acceptance. 

17 Community No community impacts identified.  
Ongoing treatment is anticipated to be received positively by the community, 
although the timescales to which it would result in measurable improvements to 
groundwater quality in offsite areas is uncertain, which may erode positive 
sentiment over the medium to longer term. 

Option 6a:  Ex-situ Treatment of PFAS Impacted Groundwater using adsorptive media 
[hydraulic containment along boundary via extraction and treatment and source area pump 
and treat] 

No # R1.5, R3.4 

Title (functional) Ex-situ Treatment of PFAS Impacted Groundwater.   

Description Extraction of PFAS impacted groundwater from primary source 
zones and from areas downgradient of source areas and 
treatment ex-situ using adsorption techniques.  

Objective Reduce mass of PFAS in groundwater in primary source areas, 
resulting in subsequent reduction in mass flux and down-gradient 
concentrations.  

How this objective contributes to 
managing the identified risk  

The potential to remove removal >50% of source concentrations 
over the short term would be expected to have material impact to 
down-gradient groundwater and concentrations in the Creeks in 
the medium to long term. 
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The extent to which this option is 
expected to meet the objective 

Reduction of source concentrations in the order of 50% in 3 years 
is considered plausible.   

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

Option will reduce source mass, reducing mass migrating off base 
over time.  
 

Supplementary / complementary 
options 

Option does not address point of exposure risks in the short to 
medium term. Option to be combined with administrative controls 
to mitigate point of exposure risks (i.e. Consumption of fish 
caught from Rapid and Ludmilla Creeks, recreational activities).  

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 2 (>$1.5M & <$15M) 
assuming: 

- Treatment aims to reduce source mass within primary source areas. 
- Treatment plants can be scaled to include adjacent source areas (Fuel 

Farm 4&6, former Fire Training Area 1 and former Fuel Farm 5, Hangar 31 
and Fuel Farm 1 and former Fire Training Area 2 and Current Fire Training 
Area). 

- Treatment operated over a 3-year period to reduce source mass by >50% 
in areas implemented.  

- Post-remediation monitoring to demonstrate effectiveness (2 years) 

Spent treatment media would require management; namely storage on site or 
thermal treatment to destroy PFAS.  

2 Effectiveness 
rating 

Medium with supplementary option 

This option will reduce migration of PFAS down gradient of the source areas. A 
complex hydrogeological setting limits the effectiveness of this option.  

Supplementary options to enhance remediation outcome may comprise 
treatment/management of PFAS impacted soil and administration controls to 
restrict exposure. 

3 Implementation 
period / 
timeframe 

Primary implementation period 
− Medium term: 3 years 

Post Implementation Monitoring Period 
− This Option anticipates a period of post-remediation monitoring to 

assess the effectiveness of groundwater treatment. This is likely to 
comprise a period of 2years.  
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4 Potential 
impacts 

Environmental and socio-economic impacts: 
• Positive: 

- Reduction of PFAS mass in groundwater in primary source areas.  
- Some acceptance by regulatory and community stakeholders.  

 
• Negative 

- Spent treatment media requires further treatment, or long-term storage.  
- Unlikely to result in lifting of restrictions on groundwater use off site or 

consumption of fish/crustaceans caught in creeks in short to medium 
term.  

5 Estimated net 
environmental 
benefit 

Marginal within Primary Source Areas over the medium term.  
Improvement in groundwater quality off-base will occur quicker relative to the 
‘do nothing’ approach but results are expected to be demonstrated over the 
long term.   

Risk-based analysis 

6 Proportion of 
action to risk 

Proportionate  
Further hydrogeological characterisation is required to design the groundwater 
abstraction array within the areas proposed.  
The treatment plant and extraction wells could be installed in a manner which 
would minimise impacts on Defence operations. Due to the size of the site and 
spread out source area, multiple treatment plants would be required to manage 
risks, although commercial/technical economies of scale exist when plant 
operated by the same contractor.   

7 Best-practice 
status 

Partial best practice.  
This option aims to reduce PFAS in groundwater within the areas treated only 
and does not aim to address PFAS impacts off base. As such, not considered a 
‘best practice’ solution in isolation.  

8 Verification 
status 

Proven 
Proven technique to remove PFAS from groundwater. Successful implementation 
on other Defence sites. Technology readily available.  
Some uncertainty exists regarding the ability to implement successfully within the 
hydrogeological setting.  
Some uncertainty exists regarding the management of spent treatment media in 
a cost-effective manner.   

9 Technology 
assessment 

• Infrastructure and energy requirements 
- Designated treatment plants and groundwater abstraction wells. 
- Moderate electricity demand to abstract water and treat.  
- Modular design possible to expand/reduce treatment needs 

• ability to construct and operating technology 
- Reasonable expertise in market to construct and operate plant 

• reliability of technology 
- proven technology to remove PFAS from water.  
- Commissioning stage to be anticipated to refine O&M requirements.  

• ability to monitor effectiveness 
- standardised sampling procedures to measure treatment effectiveness 

(PFAS removal) 
- sampling of groundwater bores to assess mass reduction and 

compliance with objectives 
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• ability to obtain any necessary approvals 
- groundwater abstraction permit required?  
- Permitting required to either store spent treatment media (base 

permitting system) or transport media to offsite treatment facility.    
• availability of services and materials 

- plant and consumables readily available in market.  

10 Risks and 
mitigation 

Low risk and manageable 
Secondary risks 
- management of spent treatment media requires consideration 
- co-contaminants dissolved within groundwater may reduce the effectiveness 

of treatment 
Residual risks 
- treatment aims to reduce PFAS mass in source areas. It will not address 

PFAS impacted groundwater beyond the extent of the extraction well array. 
Where hydraulic containment is proposed, a large array of extraction well field 
will be required to ensure reasonable capture.   

11 Key 
Dependencies 

Additional controls required to address risks at point of exposure over the 
medium to long term. These may include administrative controls to restrict 
groundwater use, or fish consumption, or implementation of other remedial 
measures in off site areas.   
Utilities serving the area is also a dependency.  

Defence implications 

12 Defence 
capability 

Above ground infrastructure required to store and treat pumped groundwater. 
Site selection to consider ongoing Defence operational requirements although 
plant could be configured to minimise impacts on critical infrastructure. 

13 Project fit Technology is currently in use at other Defence bases to manage PFAS 
impacted groundwater.  

14 Scalability The treatment technology is modular, and capacity can be adjusted to meet 
treatment requirements.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

NT Government 
Active removal of PFAS from source areas is likely to be viewed positively.  
Waste management, including management of treated water, will require 
negotiation and approvals. 

16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views will depend on location and associated disruption from 
equipment.  Perceived and demonstrated value of the action will also influence 
acceptance. 

17 Community No community impacts identified.  
Source treatment is anticipated to be received positively by the community, 
although the timescales to which it would result in measurable improvements to 
groundwater quality in offsite areas is uncertain, which may erode positive 
sentiment over the medium to longer term  
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Option 6b: 2 Ex-situ Treatment of PFAS Impacted surface water using adsorptive media 
(Granulated/Powdered Activated Carbon or Resin) 

No # R1.5, R1.6, R2.3, R2.4, R3.4, R3.5, R3.6, R5.4 

Title (functional) Ex-situ Treatment of PFAS Impacted surface water in the current 
Fire training area and extraction of surface water from Rapid 
Creek for treatment. 

Description Extraction of PFAS impacted surface water from drains or from 
creeks and treatment ex-situ using adsorption techniques.  

Objective Reduce mass of PFAS in surface water or infrastructure, resulting 
from run-off, groundwater seepage or residual impact in 
infrastructure.  

How this objective contributes to 
managing the identified risk  

Reduction of PFAS mass in exposure points and reduction of 
mass transfer by surface water flow will lower the exposure 
concentrations in some areas on-Base and in Rapid Creek. 

The extent to which this option is 
expected to meet the objective 

Would reduce concentrations in some sections, but not likely to 
have notable or lasting impact along the full waterway, due to 
groundwater seepage.  

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

Option will intercept pathway and reducing mass migrating off 
base in specific waterways while in operation.  
Option applied to infrastructure is a source removal approach. 

Supplementary / complementary 
options 

Option does not address point of exposure risks in all surface 
water. Option would need to be combined with administrative 
controls to mitigate other point of exposure risks (i.e. other 
sections of drains or creek) and in combination with source 
removal for long-term improvement.  
Complementary options for infrastructure treatment may include 
solvent washing to reduce residual mass and monitoring for 
recontamination. 

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 2 (>$1.5M & <$15M) 
assuming: 

- Treatment aims to reduce concentrations in drains or Rapid creek sections 
to below recreational guidance values in the wet season when surface 
water is running 

- Treatment operated seasonally over a 10-year period to reduce source 
mass by 90% in surface water.  

- Monitoring conducted during operation 
- Earthworks required to divert drains and create holding basin for treatment 

Spent treatment media would require management; namely storage on site or 
thermal treatment to destroy PFAS.  

2 Effectiveness 
rating 

Low to Moderate due to limited area of influence 

This option will reduce concentrations of PFAS in surface water immediately 
downstream of the treatment point but is unlikely to have a significant impact on 
the total mass leaving the site, or concentrations in Rapid Creek due to 



PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 
 

 97 July 2019 

groundwater seepage. A complex hydrogeological setting limits the 
effectiveness of this option.  

3 Implementation 
period / 
timeframe 

Primary implementation period 
− Long term: 10 years 
− Potentially short term, if implemented as an interim measure prior to 

source removal. 
Post Implementation Monitoring Period 

− This Option does not warrant post-implementation monitoring as 
surface water concentration will not be permanently changed by 
implementation.  

4 Potential 
impacts 

Environmental and socio-economic impacts: 
Positive: 

- Short term reduction of PFAS concentrations in some exposure points.  
- Captures potential future contaminant releases 

Negative 
- Spent treatment media requires further treatment, or long-term storage.  
- Will not improve site condition long-term. 
- Will not materially reduce concentrations in the Creek due to ongoing 

migration of contamination from other areas of the site.    

5 Estimated net 
environmental 
benefit 

Marginal   
Improvement in surface water quality in target zones will occur quicker relative 
to the ‘do nothing’ approach but relies on continual operation of system through 
the Wet season.  Overall improvement of mass flux and site condition is low. 

Risk-based analysis 

6 Proportion of 
action to risk 

Disproportionate - high 
The treatment plant would only operate for 4 months of the year and would only 
improve a section of drains or Rapid Creek. 

7 Best-practice 
status 

Partial best practice.  
This option aims to reduce PFAS in exposure points within drains and Rapid 
Creek but does not address residual sources. As such, not considered a ‘best 
practice’ solution in isolation.  

8 Verification 
status 

Proven 
Proven technique to remove PFAS from water. Successful implementation on 
other Defence sites. Technology readily available.  
Some uncertainty exists regarding the ability to implement successfully within the 
drains and creek, due to sediments or variable surface water flow.  
Some uncertainty exists regarding the management of spent treatment media in 
a cost-effective manner.   

9 Technology 
assessment 

• Infrastructure and energy requirements 
- Designated treatment plant and surface water capture system. 
- Moderate electricity demand to pump water and treat.  
- Modular design possible to expand/reduce treatment needs 

• ability to construct and operate technology 
- Reasonable expertise in market to construct and operate plant 

• reliability of technology 
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- proven technology to remove PFAS from water.  
- Commissioning stage to be anticipated to refine O&M requirements.  

• ability to monitor effectiveness 
- standardised sampling procedures to measure treatment effectiveness 

(PFAS removal) 
- sampling of surface water before and after treatment plant to assess 

mass reduction and compliance with objectives 
• ability to obtain any necessary approvals 

- Approvals likely required prior to diversion of surface water to 
demonstrate impact to flooding potential 

- Permitting required to either store spent treatment media (base 
permitting system) or transport media to offsite treatment facility.    

• availability of services and materials 
- plant and consumables readily available in market.  

10 Risks and 
mitigation 

Low risk and manageable 
Secondary risks 
- management of spent treatment media requires consideration 
- co-contaminants in surface water may reduce the effectiveness of treatment 
- diversion of surface water drains and modification of flow may impact flooding 

potential in high flow events 
Residual risks 
- option aims to reduce PFAS concentrations in surface water during treatment.  

It will not improve conditions long-term, or in areas where groundwater 
seepage to surface water occurs downstream.  

11 Key 
Dependencies 

Ability to effectively divert high impact drains and create a holding basin without 
impacting on flood potential 
Utilities serving the area is also a dependency.  

Defence implications 

12 Defence 
capability 

Diversion of drains and creating a holding basin may create some disruption to 
access to some areas of Base during earthworks. 
Above ground infrastructure required to store and treat pumped water.  
Site selection to consider ongoing Defence operational requirements, plant and 
drains could be configured to minimise impacts on critical infrastructure. 

13 Project fit Technology is currently in use at other Defence bases to manage PFAS 
impacted water.  

14 Scalability The treatment technology is modular, and capacity can be adjusted to meet 
treatment requirements.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

NT Government 
Likely to be viewed positively as removing mass from waterways, but only in 
combination with source removal for long-term improvement.  Waste 
management likely to involve NT EPA approval. 

16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views will be strongly influenced by specific location of systems and 
drains and impact on Base operations. 
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17 Community No community impacts identified.  
Surface water treatment is anticipated to be received positively by the 
community, as surface water is a visible indicator of off-Base migration of impact.  
Measurable improvements to surface water quality further off-Base is uncertain, 
which may erode positive sentiment over the medium to longer term  

Option 6c: - Ex-situ Treatment of PFAS Impacted Groundwater using a Concentrator (i.e. High 
Recovery Nanofiltration and Reverse Osmosis) [ hydraulic containment along boundary via 
extraction and treatment and source area pump and treat] 

No # R1.5, R1.6, R2.3, R2.4, R3.4, R3.5, R3.6, R5.4 

Title (functional) Ex-situ Treatment of PFAS Impacted Groundwater in 
primary source zones 

Description Extraction of PFAS impacted groundwater from primary 
source zones and treatment ex-situ using Reverse Osmosis 
or Nanofiltration to concentrate impacted water.  

Objective Reduce mass of PFAS in groundwater in primary source 
areas.  

How this objective contributes to 
managing the identified risk  

Reduction of PFAS mass in primary source areas, ultimately 
leading to lower mass flux and lower concentrations in 
groundwater. 

The extent to which this option is 
expected to meet the objective 

Removal of source mass and reduction in localised 
concentrations may be >50% in the short term,  

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

Option will reduce source mass, reducing mass migrating off 
base over time.  
 

Supplementary / complementary 
options 

Option does not address point of exposure risks in the short 
to medium term. Option to be combined with administrative 
controls to mitigate point of exposure risks (i.e. domestic 
consumption of groundwater, consumption of fish caught 
from Creeks).  

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

The cost range estimate for the Option is Category 2 (>$1.5M & <$15M) 
assuming: 

- Treatment aims to reduce source mass within primary source areas.  
- Mobilisation of multiple treatment plants to treat source mass in selected 

areas of the site. Opportunities exist for single treatment plans for 
combined areas. 

- Post-remediation monitoring to demonstrate effectiveness (2 years) 

Concentrate rejected by the membrane would require management; namely 
storage on site or thermal treatment to destroy PFAS.  

2 Effectiveness 
rating 

Medium with supplementary option 

This option will reduce migration of PFAS down gradient of the source areas. A 
complex hydrogeological setting limits the effectiveness of this option.  
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Supplementary options to enhance remediation outcome may comprise 
treatment/management of PFAS impacted soil and administration controls to 
restrict exposure. 

3 Implementation 
period / 
timeframe 

Primary implementation period 
− Medium term: 3 years 

Post Implementation Monitoring Period 
− This Option anticipates a period of post-remediation monitoring to 

assess the effectiveness of groundwater treatment. This is likely to 
comprise a period of 2years.  

4 Potential 
impacts 

Environmental and socio-economic impacts: 
• Positive: 

- Reduction of PFAS mass in groundwater in primary source areas.  
- Some acceptance by regulatory and community stakeholders.  

 
• Negative 

- Concentrate requires further treatment, or long-term storage. The 
process recovery rates for groundwater sources can be in the range of 
80-90% (i.e. 1-2 litres of water for every 10 litres of incoming water). 

- Unlikely to result in lifting of restrictions on groundwater use off site or 
consumption of fish/crustaceans caught in river in short to medium 
term.  

5 Estimated net 
environmental 
benefit 

Moderate within Primary Source Areas over the medium term.  
Improvement in groundwater quality off-base will occur quicker relative to the 
‘do nothing’ approach but results are expected to be demonstrated over the 
long term.   

Risk-based analysis 

6 Proportion of 
action to risk 

Further hydrogeological characterisation is required to design the groundwater 
abstraction array within areas treated.  
The treatment plant and extraction wells could be installed in a manner which 
would minimise Defence operations. Multiple treatment plants or combined plants 
can be used to mitigate impacts on Defence operations.   

7 Best-practice 
status 

This option aims to reduce PFAS in groundwater in the areas applied only and 
does not aim to address PFAS impacts off base. As such, not considered a ‘best 
practice’ solution in isolation.  

8 Verification 
status 

Proven technique to remove a wide range of PFAS from groundwater. Successful 
implementation on other sites impacted by PFAS. Technology readily available.  
Some uncertainty exists regarding the ability to implement successfully within the 
hydrogeological setting.  
Some uncertainty exists regarding the management of treatment concentrate in a 
cost-effective manner.   

9 Technology 
assessment 

• Infrastructure and energy requirements 
- Designated treatment plants and groundwater abstraction wells. 
- Relatively high electricity demand to abstract water and treat. Estimates 

of energy use ranges from 0.5-0.75 kW-hr/m3. 
- Modular design possible to expand/reduce treatment needs.  

• ability to construct and operating technology 
- Reasonable expertise in market to construct and operate plant 
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• reliability of technology 
- proven technology to remove PFAS from water.  
- Commissioning stage to be anticipated to refine O&M requirements.  
- Scale and pH correction necessary 

• ability to monitor effectiveness 
- standardised sampling procedures to measure treatment effectiveness 

(PFAS removal).  
- Constituent removal and system performance can be monitored through 

continuous on-line instrumentation of surrogate parameters such as 
conductivity, which is correlated to contaminant removal using grab 
samples that are analysed in a laboratory. 

- sampling of groundwater bores to assess mass reduction and 
compliance with objectives 

• ability to obtain any necessary approvals 
- groundwater abstraction permit required?  
- Permitting required to either store concentrate (base permitting system) 

or transport waste concentrate to an offsite treatment facility.    
• availability of services and materials 

- plant and consumables readily available in market.  

10 Risks and 
mitigation 

Secondary risks 
- management of concentrate requires consideration 
- co-contaminants dissolved within groundwater may reduce the effectiveness 

of treatment, although pre-treatment could reduce these risks 
Residual risks 
- treatment aims to reduce PFAS mass in source areas. It will not address 

PFAS impacted groundwater beyond the extent of the extraction well array. It 
will not reduce risks at point of exposure.  

11 Key 
Dependencies 

Additional controls required to address risks at point of exposure over the 
medium to long term. These may include administrative controls to restrict 
groundwater use, or fish consumption, or implementation of other remedial 
measures in off site areas.   

Defence implications 

12 Defence 
capability 

Above ground infrastructure required to store and treat pumped groundwater. 
Site selection to consider ongoing Defence operational requirements although 
plant could be configured to minimise impacts on critical infrastructure. 

13 Project fit Technology is currently in use at other sites internationally to treat PFAS 
impacted groundwater.  

14 Scalability The treatment technology is modular, and capacity can be adjusted to meet 
treatment requirements.  

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

NT Government 
Active removal of PFAS from source areas is likely to be viewed positively.  
Waste management, including management of brine and treated water, will 
require negotiation and approvals. 
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16 Owner / 
occupier 
consents and 
views 

RAAF Base Darwin 
Occupier views will depend on location and associated disruption from 
equipment.  Perceived and demonstrated value of the action will also influence 
acceptance. 

17 Community No community impacts identified.  
Source treatment is anticipated to be received positively by the community, 
although the timescales to which it would result in measurable improvements to 
groundwater quality in offsite areas is uncertain, which may erode positive 
sentiment over the medium to longer term  

 

Option 7 – Administrative Control to restrict residents consuming Fish/Crustaceans and 
swimming from Rapid/Ludmilla Creek. 

No # R1.2, R2.2, R3.2 

Title (functional) Increase community awareness to advise residents against 
consumption of fish and crustaceous from Rapid and Ludmilla 
Creek and swimming restrictions within Ludmilla Creek. 

Description In conjunction with NT Government, undertake a community 
consultation programme to increase awareness of the 
potential health risks of consuming fish/crustaceans caught 
from the creeks and potential exposure risk to swimming 
within Ludmilla Creek. Erect notification signs at popular 
fishing spots and boat ramps along local watercourses. 
Support NT Health media release to commercial and 
recreational fishers on potential exposure risks and outline 
dietary advice for specific species. 

Objective Reduce the risk to human health through consumption of fish 
from the Creeks and through recreational activities.   

How this objective contributes to 
managing the identified risk  

Administration control to reduce consumption of aquatic biota 
impacted by PFAS  

The extent to which this option is 
expected to meet the objective 

This option reduces the exposure risk to sensitive receptors, 
although requires works to be completed in cooperation with 
NT Government and community to follow the advice. 

Whether the option addresses 
− source,  
− pathway 
− receptor, and/or 
− extended implementation 

period requirements 

This option aims to remove the sensitive receptor (e.g. 
residents or fishers). The option will require an extended 
implementation period.  

Supplementary / complementary 
options 

This option will not reduce PFAS sources or environmental 
concentrations.  
Implementation of this option in conjunction with other 
option(s) that reduce source mass will reduce the period to 
which these administrative controls remain in place.  

Cost / effectiveness / impact analysis 

1 Cost range 
estimate 

Category 4 Community level actions  < $500,000 
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2 Effectiveness 
rating 

Low: As a standalone option, this will not achieve the remedial objective. This 
option will need to be completed in conjunction with other remedial options. This 
option while effective in the shorter term, does not eliminate the risk rather puts 
the onus on the community in limiting their access to impacted media. 

3 Implementation 
period / 
timeframe 

Primary implementation period  
Short term: 0-12 months 
Long-term: if implemented in isolation 

4 Potential 
impacts 

Environmental and socio-economic impacts  
• Positive  

- Reduction of consumption of PFAS impacted biota 
- Reduction in exposure to impacted media 
- Increased community awareness. 

• Negative 
- Negative perception from community if Administrative Control is selected 

as a primary or only remedial option.  
- Does not reduce the source or remove the migration pathway with 

watercourse to continue to be impacted.  
- Negative socio-economic impact on local community through loss of 

resource. 
- Ongoing monitoring of media (soil, water and biota) will be required to 

assess the PFAS levels on residential properties.  
- Ongoing community and stakeholder engagement requirements. 
- While seen as a control, it relies on participation by the community to 

remain effective.  

5 Estimated net 
environmental 
benefit 

Negative, when considered as a stand-alone option.  
Marginal net benefits when combined with other options.   

Risk-based analysis 

6 Proportion of 
action to risk 

Development of community engagement strategy to communicate dietary advice 
associated with the consumption of fish/crustaceans from Rapid and Ludmilla 
Creeks (1-2months).  
Implementation of community strategy involving community meetings, media 
releases and the erection of signage at popular fishing spots and boat ramps (3-
6months initially roll out then periodically thereafter).  
No impacts on Defence capability/operations anticipated.  

7 Best-practice 
status 

This option is not considered best practice, when implemented in isolation.  

8 Verification 
status 

Requires the community to follow the recommendations of the NT Government. 
This represents a challenge to verify the effectiveness of this option.  

9 Technology 
assessment 

Not applicable   

10 Risks and 
mitigation 

Social and reputational risks for Defence, which would increase in severity if option 
used in isolation. Mitigation measures include ongoing community engagement, 
communication and works being implemented in conjunction with other source or 
pathway management options.  
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11 Key 
Dependencies 

The timeframes required to lift restrictions on fish/crustacean consumption are 
dependant of PFAS levels within the watercourses. Treatment of source mass in 
conjunction of this Option is expected to reduce the time restrictions would be in 
place.  

Defence implications 

12 Defence 
capability 

No Defence capabilities affected by implementation of the option 

13 Project fit Similar administrative controls are in place in relation to other contaminated sites 
within Australia, including those operated by Defence.  

14 Scalability Achieved through expanding awareness programs and consultation. 
Administrative control can be scaled depending on success of other management 
options.  

 

Stakeholder impacts, views and consents 

15 Jurisdictional 
regulator/s 

NT Government 
Significant liaison with NT Health, NT Department of Environmental and Natural 
Resources and NT EPA required to determine content and approach to dietary 
advisories and notifications. 

16 Owner / 
occupier 
consents and 
views 

City of Darwin, Indigenous communities and tourism authorities. 
 

17 Community Negative if implemented in isolation – Reputational risk and concerns raised by 
community about impact to recreational fishing and consumption.  Timely and 
transparent information is expected in relation to exposure potential, but there is an 
expectation that source removal or concentration reduction actions will also be 
implemented. 
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GLOSSARY  

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

related activities, operations, training or force preparations are 
managed, conducted, commanded or controlled.  

DSI Detailed site investigation as identified in References 

ERA Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

Management Area The geographical area subject to Defence response actions as 
described in section 1 

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

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

Risk assessment(s) The HHRA and ERA described in References 

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

 
Department of Defence has engaged Coffey Environments Australia Pty Ltd (Coffey) to develop this 
Ongoing Monitoring Plan (OMP) for per- and polyfluoroalkyl substance (PFAS) as a part of the PFAS 
Management Area Plan (PMAP) for RAAF Base Darwin (the Base). 

The Management Area ongoing monitoring plan (OMP) monitors changes to the contamination plume 
and surface water contamination characteristics. Changes may result from the specific or cumulative 
impact of remediation or containment actions, existing transportation trends, changes to 
hydrogeology, or weather events. 

The Management Area relevant to this OMP and associated PFAS source areas is presented in 
Figure 1 below.  

 

Figure 1.  PFAS Management Area and PFAS source areas 

This OMP has been prepared in general accordance with the following documents, which should be 
read in conjunction with this OMP: 

• NEPC (2013) National Environmental Protection (Assessment of Site Contamination) Measure 
1999, as amended in 2013, National Environment Protection Council. 

• HEPA (2018) PFAS National Environmental Management Plan (NEMP), the Heads of EPAs 
Australia and New Zealand. 

• Department of Defence (2018) Defence PFAS Framework – Construction and Maintenance 
Projects. 
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• Department of Defence (2012) Defence Contamination Directive #7: Naming convention – surface 
water, groundwater bore, soil and sediment sampling identification. 

• VIC EPA, Publication 669 - Groundwater Sampling Guidelines (April 2000). 

• WA DER, Interim Guideline on the Assessment and Management of Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS) (January 2017). 

1.1 Purpose of this OMP 

The historic release of PFAS containing chemicals into the environment at RAAF Base Darwin has led 
to the contamination of soils, groundwater and surface water, resulting in concentrations of PFAS 
within water bodies and biota off-Base that has the potential to pose an unacceptable risk to the 
health of human receptors or the environment.  Consequently, it is important that ongoing monitoring 
of the nature and extent of PFAS within the environment at and surrounding RAAF Base Darwin is 
undertaken to assess potential changes in risk levels.  As a consequence of currently identified 
potentially unacceptable risks to receptors, the Northern Territory Department of Health has issued 
dietary advisories relating to consumption of fish in Rapid Creek and Ludmilla Creek.  In order to 
ensure that this advice remains relevant, it is important to monitor the concentrations of PFAS within 
the environment on-Base and off-Base.   

The overall aim of the OMP is to provide information on changes in PFAS contamination originating 
from RAAF Base Darwin to inform risk management decisions by Defence and 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 currently impacted by PFAS. 

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

The specific objectives of this OMP are: 

• Monitor PFAS concentrations in groundwater and surface water and assess the data for any 
changes over time. 

• Provide data to monitor the success of any remediation and management undertaken as set out in 
the PMAP. 

• To monitor PFAS concentrations within target aquatic species to inform risk management 
measures and provide updates of any recommendations to Territory Agencies regarding 
consumption of biota. 

• To monitor long-term surface water quality within streams surrounding the base to inform risk 
management measures and to provide updates of any recommendations to Territory Agencies 
regarding swimming within these water bodies. .   

1.2 Responsible parties 

The roles and responsibilities associated with the implementation of this OMP are provided in the 
table below. 
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Table 1.  Responsible parties 

Role Responsibilities 

Department 
of Defence 

PFAS Investigation 
Management 
Branch 

Ensure the OMP is implemented by an appropriate independent 
consultant. 

Ensure the OMP is reviewed as and when required and changes are 
reported are implemented. 

RAAF Base 
Darwin 
BSM/SADFO 

Ensure that on-Base sampling locations are safely accessible and 
maintained. 

Environmental and 
Sustainability 
Officer 

Ensure works associated with this OMP are carried out in accordance 
with Defence environmental policy. 

Environmental consultant Carry out all works described in this OMP, including: 

• Obtain relevant Base permits etc. to complete the works 

• Sample collection 

• Data management 

• Reporting to Defence 

• Review of the OMP 

NATA accredited laboratory Carry out laboratory analysis of samples and report results to the 
environmental consultant and/or Defence. 

Provide electronic format of data for uploading into the Defence 
database. 

 

1.3 Review of the OMP 

This 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. 

Based on the current understanding of the CSM and existing trend data available, this OMP should be 
implemented for an initial period of three years. This review frequency should be revised over this 
initial three-year period if changes to the CSM indicate that the current OMP is not meeting the 
required objectives. 

Updates to the OMP may be required for several reasons, including the following: 

• Regulatory or policy changes require review of or updates to the OMP. 

• Changes in on-Base infrastructure or other works impact the existing monitoring networks. 

• Additional groundwater monitoring wells are installed which may assist in achieving the objectives 
of the OMP. 

• Other changes to the groundwater or surface water monitoring networks are required (e.g. lost, 
damaged or dry monitoring wells need to be replaced). 

• Significant changes to the CSM are made. 
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• Updated screening values for PFAS are published. 

• Significant changes to best practice sampling procedures are published. 

• Updated laboratory analytical methods become available, including if the standard PFAS suite 
changes. 

• Updated human health and/or ecological risk assessments are published for RAAF Base Darwin 
which may impact the objectives of the OMP. 

• Changes to the site risk profile as a result of any remediation actions.  
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2 Monitoring program 

2.1 Sampling and analysis quality plan 

A sampling and analysis quality plan (SAQP) should be prepared for any sampling works associated 
with this OMP. The SAQP should be prepared by an appropriate environmental consultant and should 
be consistent and compliant with guidance provided in the PFAS NEMP (2018) and the NEPM (2013). 

2.1.1 Monitoring frequency 

Ongoing monitoring frequency of groundwater and surface water monitoring is summarised in the 
following table.  

Table 2.  Monitoring frequency 

Matrix Monitoring 
frequency 

Approximate monitoring period 

Groundwater  Twice yearly  end-Wet season (March), end-Dry season (October-
December) 

Surface Water – off-Base Twice yearly  end-Wet season (March), start-Wet season (nominally 
early December) 

Surface Water – on-Base Twice in Wet season start-Wet season (nominally early December), end-Wet 
season (March) 

Aquatic biota Annually  end-Dry season or start-Wet season (October – 
December) 

 

Groundwater and surface water sampling methodologies are described in Appendix C. 

2.2 Water monitoring network 

2.1.1 Groundwater monitoring network 

Groundwater monitoring wells identified for ongoing monitoring are presented in Figure 1, Appendix 
A and in Table 1, Appendix B.  Groundwater monitoring locations have been selected to monitor 
source area concentration changes and changes that may occur at the Base boundary or off-Base 
locations, which could indicate a change in contaminant transport off-Base. 

Where a groundwater bore has been nominated for monitoring, an alternative has been provided in 
the event that the original bore cannot be sampled for some reason.   In the event that a nominated 
bore is destroyed, it may be a requirement to reinstall the well (where the alternative bore column in 
the table is nominated as reinstall) as there is considered to be no other existing alternative bore 
available for use.  

2.1.2 Surface water monitoring network 

Surface water monitoring locations nominated for sampling are identified in Figure 2, Appendix A 
and Table 2, Appendix B.   

Off-Base locations have been nominated to assess concentrations in each receiving water way, at 
locations that are considered likely to represent relevant reaches of each water way.  The locations 
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nominated in Sadgroves and Reichardt Creeks represent inflow to the creeks, and over represent the 
concentrations that would be present in the estuarine creeks.   

On-Base locations have been nominated to assess concentrations and flow rates in drains that 
capture run-off from PFAS source areas or where significant discharge of water has been observed. 

 

2.3 Biota monitoring program 

In addition to collection of groundwater and surface water samples, aquatic biota (fish) sampling is 
recommended to supplement existing concentration data and support any future reviews of human 
exposure risk. 

The biota sampling should be undertaken on an annual frequency at the end of the Dry season or 
start of the Wet season, when concentrations are expected to be highest. 

All biota sampling works should be incorporated into the SAQP and appropriate ethics and Fisheries 
licences should be obtained prior to sample collection. The SAQP should include specific details 
regarding sampling locations, sample collection methods, target species and sample preparation 
methods. This should be relatively consistent with previous works undertaken, including the following:  

• Sample collection methodologies should be selected based on the most suitable method for the 
location and target species. These methods may include the following: 

o Angling with a fishing rod, reel and braid fishing line  

o Gill nets 

o Electrofishing 

• Target species will be based on those that are recognised as frequently consumed, and from the 
following three groups: 

o Diadromous or estuarine fish  
(Barramundi, Flathead, Javelin, Sweetlips, Mullet, Rockcod, Queenfish, Jewfish etc) 

o Molluscs 
(Longbums and Whelk) 

o Crustaceans 
(Redclaw Crayfish) 

• The number of samples collected will vary based on what is caught. 

Table 3.  Biota sampling targets 

Location Target species Target sample numbers 

Rapid Creek – (Freshwater) 
upstream of Trower Road 
(BIO024, BIO026, BIO028 or 
new location) 

Redclaw Crayfish (C. 
quadricarinatus.) 

Minimum three of at least 100g 

Ludmilla Creek (Estuarine area) 
– BIO016 or new location 

Longbums (Telescopium 
telescopium.) 

Five composite samples of 10 molluscs 
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Rapid Creek mouth (Casuarina 
Drive) – BIO007 

Fish Three samples of each of 5 species of 
commonly consumed fish (15 total) 

Ludmilla Creek Boat Ramp -
BIO018 

Fish Three samples of each of 5 species of 
commonly consumed fish (15 total) 

• Captured target fish should be euthanised in line with ethics approval, which may involve ice 
slurry, Aqui-S solution anaesthesia, clubbing, pithing and/or cervical dislocation.   

• For larger fish, complete tissue samples of edible fillet flesh should be collected. Whole gutted fish 
samples could be taken for smaller fish, if large fish are not able to be caught. 

• A clean polypropylene cover should be used over a chopping board, and new sterilised scalpel 
blades or washed stainless steel blades used for sample preparation. 

2.4 Analytical plan 

Samples should be analysed for the standard required PFAS suite, as specified in Defence PFAS 
Framework – Construction and Maintenance Projects. This suite is presented in the following table. 

Table 4.  Standard laboratory PFAS suite 

Group Acronym Chemical Compound CAS No 
Perfluoroalkane 
Sulfonic Acids 

PFBS Perfluorobutane sulfonic acid 375-73-5 
PFPeS Perfluoropentane sulfonic acid 2706-91-4 
PFHxS Perfluorohexane sulfonic acid 355-46-4 
PFHpS Perfluoroheptane sulfonic acid 375-92-8 
PFOS Perfluorooctane sulfonic acid 1763-23-1 
PFDS Perfluorodecane sulfonic acid 335-77-3 

Perfluoroalkane 
Carboxylic Acids 

PFBA Perfluorobutanoic acid 375-22-4 
PFPeA Perfluoropentanoic acid 2706-90-3 
PFHxA Perfluorohexanoic acid 307-24-4 
(PFHpA) Perfluoroheptanoic acid 375-85-9 
PFOA Perfluorooctanoic acid 335-67-1 
PFNA Perfluorononanoic acid 375-95-1 
PFDA Perfluorodecanoic acid 335-76-2 
PFUnDA Perfluoroundecanoic acid 2058-94-8 
PFDoDA Perfluorododecanoic acid 307-55-1 
PFTrDA Perfluorotridecanoic acid 72629-94-8 
PFTeDA Perfluorotetradecanoic acid 376-06-7 

Perfluoroalkyl 
Sulfonamides 

FOSA Perfluorooctane sulfonamide 754-91-6 
MeFOSA N-Methyl perfluorooctane sulfonamide 31506-32-8 
EtFOSA N-Ethyl perfluorooctane sulfonamide 4151-50-2 
MeFOSE N-methyl perfluorooctane sulfonamidoethanol 24448-09-7 
EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol 1691-99-2 
MeFOSAA N-methyl perfluorooctane sulfonamidoacetic acid 2355-31-9 
EtFOSAA N-ethyl perfluorooctane sulfonamidoacetic acid 2991-50-6 

(n:2) Fluorotelomer 
Sulfonic Acids 

4:2 FTS 4:2 Fluorotelomer sulfonic acid 757124-72-4 
6:2 FTS 6:2 Fluorotelomer sulfonic acid 27619-97-2 
8:2 FTS 8:2 Fluorotelomer sulfonic acid 39108-34-4 
10:2 FTS 10:2 Fluorotelomer sulfonic acid 120226-60-0 

 



PFAS MANAGEMENT AREA PLAN – RAAF Base Darwin 
 

 
 

 11 July 2019 
 

2.5 Inspect Administrative Controls 

Various administrative controls are recommended to be implemented as a part of the management of risks to 
human health arising from PFAS at the Base. The administrative controls required to be implemented include: 

• Implementing PPE and Hazard control requirements for maintaining and cleaning Fire Training Area 
equipment, tanks and sumps 

• Ensuring construction and maintenance activities that are undertaken within PFAS source areas are 
undertaken safely and using the required PPE and Hazard/ Waste control requirements.  

• Ensuring construction and maintenance activities that are undertaking at depths that may encounter 
groundwater are undertaken safely and using the required PPE and Hazard/ Waste control requirements.  

• An area of PFAS impacted soil stockpiles is located within an area of the base.  These are to be inspected to 
ensure that coverings are in place and not degrading.  

Inspection actions should be undertaken twice yearly in consultation with the REO and the outcomes of the 
review documented in the annual report.  Where opportunities for improvement are identified in the management 
measures or procedures, these should also be documented in the annual report. 
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3 Quality procedures 
The recommendations of this procedure are based on the guidelines presented in: 

• NEPM [the National Environment Protection (Assessment of Site Contamination) Measure 1999] 
as amended in 2013. 

• AS4482.1 Guide to the sampling and investigation of potentially contaminated soil, Part 1: Non 
Volatile and Semi-volatile Substances. 

• AS4482.2 Guide to the sampling and investigation of potentially contaminated soil, Part 2: Volatile 
Substances. 

• AS/NZ 5667.1 Water Quality Sampling – Guidance on the design of sampling programs, sampling 
techniques and the preservation and handling of samples. 

• ANZECC&ARMCANZ (2000). Australian guidelines for water quality monitoring and reporting. 

• ANZECC&ARMCANZ (2000). Australian and New Zealand guidelines for fresh and marine water 
quality. 

• WA DER (2017). Interim Guideline on the Assessment and Management of Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS). 

3.1 Data Quality Objectives 

In order to ensure that the OMP will meet the objectives of the monitoring program, the following data 
quality objectives have been selected.  

Table 5.  Data Quality Objectives 

Data Quality Objectives 

1. State the Problem 

Confirmed PFAS contamination sources have been identified at RAAF Base Darwin that have led 
to the contamination of soil, groundwater and surface water, with PFAS measured within biota 
associated with surrounding surface water bodies. Advice has been provided to NT agencies 
regarding the consumption of biota in some water bodies surrounding the Base, as well as various 
advice regarding management of maintenance activities on the Base.  It is important to that the 
concentrations of PFAS within the environment are monitored to ensure that health advice 
provided to the NT agencies is relevant, appropriate and ensures that risks to human health and 
environmental receptors are managed.  
 

2. Identify the goal of the study 

The purpose of the OMP is to ensure that the concentrations of PFAS within groundwater, surface 
water and biota are monitored and compared against baseline conditions and to assess potential 
changes in risks to sensitive receptors (human and ecological receptors).  This will then allow NT 
government agencies to be provided with advice regarding managing and/or controlling exposure 
to contamination.  

3. Identify information inputs 

• Existing data relevant to PFAS in soil, waters and biota  

• Surface water and groundwater flow regimes 

• Location and types of human and environmental receptors 
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Data Quality Objectives 

4. Define the boundary of the study 

Based on the understood extent of contaminated surface water or shallow groundwater at the 
Base the study area includes land and waterways on RAAF Base Darwin and in each direction 
towards, and including, the receiving water bodies.  The Management Area is shown in Figure 1.  

5. Develop a decision rule 

Primary environmental samples are to be collected and analysed for the 28 PFAS compounds 
described in Defence Technical Memorandum on Laboratory Analysis Suite (reference number 
1652034-060-M-Rev2 dated 30 March 2017). 

PFOS, PFHxS and PFOA concentrations will be compared against screening levels relevant to the 
potential beneficial uses of water to identify changes to risk profile.  

The relative concentrations of all (analysed) PFAS compounds over time in groundwater, surface 
water and aquatic biota samples will be used to assess changes in the extent or magnitude of 
contamination. 

6. Specify performance of acceptance criteria 

The ongoing monitoring program as a whole must reliably characterise the changes in PFAS 
contamination within surface water, groundwater and biota compared with the baseline conditions 
and describe the risk that the contamination poses to human or ecological receptors.  Analytical 
data quality indicators are described below in Quality control procedures section.   

7. Develop a plan for obtaining the data 

The methodology and rationale for obtaining relevant data for the OMP is described below. 

 

Table 6.  Field quality control samples 

Sample Type Comments 

Intra-laboratory 
duplicates 

 

Intra-laboratory field duplicates will be collected at a frequency of one sample per ten 
samples collected (10%). The analytical results of the two duplicate samples will be 
compared to assess the precision of the sampling protocol and to provide an indication of 
variation in the sample source. 

Repeatability will be assessed by calculating the relative percentage difference (RPD) 
between the primary and duplicate results.  Where the RPD is greater than 30%, the potential 
causes of variability will be reviewed. 

Inter-laboratory 
duplicates 

Inter-laboratory field duplicates will be collected of surface water and sediment samples at a 
frequency of one sample per ten samples collected (10%). The analytical results of the two 
duplicate samples will be compared to assess the precision of the sampling protocol, provide 
an indication of variation in the sample source and to assess the accuracy of analysis. 

Reproducibility will be assessed by calculating the relative percentage difference (RPD) 
between the primary and duplicate sample results.  Where the RPD is greater than 30%, the 
potential causes of variability will be reviewed. 
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Sample Type Comments 

Rinsate blanks 

 

Rinsate samples will be prepared in the field using laboratory prepared bottles and PFAS free 
deionised water used for the cleaning of reusable sampling equipment (if used). These 
samples will be a check of field decontamination procedures. A rinsate sample will be 
collected and analysed for each day of field work carried out or for each 10 primary samples 
where more than ten samples are collected in a day, where reusable sampling equipment 
has been used. 

Detectable concentrations of PFAS in a rinsate blank sample will trigger review of 
decontamination procedures, equipment materials, sample container types and UHP water 
quality.  The concentration and compound detected will be considered in reviewing the 
potential impact of transport related cross-contamination of the assessment data quality. 

Trip blanks Trip blanks are a check on sample contamination originating from containers, sample 
transport, shipping and site conditions. The blank will be prepared in a clean environment 
(office or warehouse) and remain with the sample containers during sampling and during the 
return trip to the lab.  At no time during these procedures will the blanks be opened. Upon 
return to the lab the blank will be analysed, if needed, as any other field sample.  As PFAS is 
not volatile, a reduced blank frequency is considered appropriate and a single trip blank will 
be transported and analysed for each day. 

Detectable concentrations of PFAS in a trip blank sample will trigger review of sample 
container types, transport procedures and UHP water quality.  The concentration and 
compound detected will be considered in reviewing the potential impact of transport related 
cross-contamination of the assessment data quality. 
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Table 7.  Laboratory quality control procedures 

Sample Type Comments 

Sample 
Analysis 

All sample analyses to be conducted using NATA certified laboratories which will implement 
a quality control plan in accordance with NEPM (1999). 

Holding times Groundwater/surface water: 14 days prior to extraction or 28 days following extraction for 
PFAS (NMI 2017) 

Soil: 60 days prior to extraction for PFAS (NMI 2017) 

Biota: 180 days prior to extraction for PFAS 

Laboratory 
detection limits 

All laboratory detection limits to be less than the site investigation criteria. 

Laboratory 
Blanks 

Laboratory blanks to be analysed at a rate of 1 in 20, with a minimum of one analysed per 
batch. 

Concentration of analytes to be less than the laboratory detection limits. 

Laboratory 
Duplicates 

Laboratory duplicates to be analysed at a rate of 1 in 20, with a minimum of one analysed per 
batch. RPDs to be less than 30%. 

Laboratory 
Control 
Samples (LCS) 

LCSs to be analysed at a rate of 1 in 20, with a minimum of one analysed per analytical 
batch. 

Control limits: 50 to 150 % Acceptable Recovery 

Surrogate Labelled surrogates of target analytes are added in known amounts to each sample during 
analysis and recovery of the surrogate is quantified to assess equipment and process 
response. The recovery is then used to adjust the calculation of the target analyte in that 
sample. 

Surrogate 
control limits: 

50–150 % Acceptable recovery.  

Matrix spike 
duplicate 

Matrix spike duplicate prepared by dividing a field sample into two aliquots, then spiking each 
with identical concentrations of the analytes at a rate of 1 in 20. 

Matrix spike 
duplicates: 

RPDs <50% 
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4 Trigger values or performance standards 

4.1 Screening values 

PFAS screening values have been adopted for groundwater and surface water from the following 
documents: 

• HEPA (2018) PFAS National Environmental Management Plan NEMP).   

• Department of Health (2017) Final Health Based Guidance Values for PFAS for use in site 
investigations in Australia Health, developed by Food Standards Australia New Zealand (FSANZ) 
and based on FSANZ recommended TDI. 

The adopted screening values are provided in the following table and should be reviewed and 
updated annually as and when changes to guidance occurs. 

Table 8.  Groundwater and surface water screening levels (µg/L) 

Contaminant Maintenance of Ecosystems 
(Modified Ecosystems) Freshwater Recreation Drinking water 

PFOS 0.00023 (99%) 
0.13 (95%) 0.7 0.07 

PFHxS - 

PFOA 19 (99%) 
220 (95%) 5.6 0.56 

4.2 Trigger points 

Several trigger points have been identified which should be incorporated into any future SAQPs 
prepared in relation to this OMP. These trigger points and proposed further actions are summarised in 
the table below. 

Table 9.  Groundwater and surface water screening levels (µg/L) 

Location Trigger Point Action 

Groundwater 
locations 
previously  
below 
laboratory  
LOR for 
PFAS 

Detection of PFAS compounds  

Check and confirm with the laboratory that the concentration 
measured was not reported in error, or a quality 
assurance/quality control discrepancy.  
If concentration is confirmed by laboratory as correct and 
QA/QC review does not identify any discrepancies that may 
have led to the result, undertake a round of confirmation 
sampling of the affected well within 6 weeks.  
If the additional sampling confirm the presence (or absence) 
of PFAS, the HHRA should  be reviewed in light of the 
identified PFAS change in groundwater and PMAP/OMP be 
updated accordingly depending on the potential risks arising 
from the change (which may include increased sampling 
frequencies, updating Territory Agencies regarding health 
advice, amending administrative controls, etc.) 
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Location Trigger Point Action 

All monitoring 
locations 

PFOS+PFHxS and/or sum of 
PFAS concentrations show an 
increasing trend (using 
statistical analysis) over two 
years of monitoring or increase 
by >30% in one year. 

Undertake QA/QC checks with laboratory/data to confirm 
concentrations. 
Review the change in the context of the overall CSM and 
whether the change is material or not.  Instances where a 
change may be considered immaterial is where a 
concentration change does not change the interpretation 
against the screening values.  
Review the OMP and/or HHRA and consider additional 
monitoring rounds and/or locations. 
Consider additional investigation of known or potential source 
areas. 
Consider updating health advice to Territory Agencies or 
amending administrative controls.  

All monitoring 
locations 

PFOS+PFHxS and/or sum of 
PFAS concentrations show a 
decreasing trend (using 
statistical analysis) over two 
years of monitoring or decrease 
by >30% in one year. 

Undertake QA/QC checks with laboratory/data to confirm 
concentrations. 
Review the change in the context of the overall CSM and 
whether the change is material or not.   
Review the OMP and/or HHRA and consider reducing the 
monitoring network or frequency as appropriate. 
Consider adding additional trigger points relating to cessation 
of monitoring. 
Consider updating health advice to Territory Agencies or 
amending administrative controls. 

All monitoring 
locations 

Groundwater monitoring well is 
not able to be sampled as it is 
dry, blocked, damaged, 
decommissioned, inaccessible, 
lost etc. 

Attempts should be made to locate/repair/unblock the 
monitoring well. 
If this is not successful, a contingency location should be 
sampled instead. 
If no suitable contingency location can be identified, the 
monitoring well should be reinstalled in a similar location, 
depth and screen interval. 

4.3 Administrative control trigger points 
The administrative controls are to be reviewed twice yearly to confirm that the appropriate controls 
and management measures are being implemented in accordance with the PMAP.   

Where damage to controls (such as stockpile coverings or signage, locks etc) is identified, the 
damage is to be notified to the REO within 2 weeks and any corrective actions documented.  

Any construction or maintenance activities that may result in exposure of workers to PFAS 
contaminated soils, groundwater or wastes which are to be conducted in the key PFAS source areas 
within the management area (as shown on Figure 4 of the OMP), or within 100m of any of the key 
source areas are to be reviewed by the REO.  This is to ensure that any ECC prepared for the works 
takes into consideration limiting exposure to PFAS contaminated media, and that appropriate waste 
management controls are to be implemented prior to issuing the ECC. 

Where remedial actions are undertaken and risks to receptors are lowered, or risks are noted to 
increase (through on-going monitoring and review of results against ERA and HHRA outcomes), a 
review of the administrative controls should be undertaken (in accordance with the following section) 
to adjust the relevant controls accordingly.  
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5 Reporting 

Upon completion of each sampling event, data collected by the environmental consultant should be 
documented in a report to Defence, which should contain the following, as a minimum. 

• A summary of the scope of works undertaken. 

• A summary of the field methodologies used to complete the scope of works. 

• A summary of field observations and field measured data, such as water quality parameters and 
gauging data. 

• Presentation of inferred groundwater elevation contours. 

• Estimation of rate of surface water flow at each monitoring point. 

• Presentation of analytical laboratory results and comparison with adopted screening levels. 

• Review of data quality. 

• Comparison of analytical results to historical data (including trend analysis and/or graphing). 

• Discussion of trends in PFAS concentrations. 

• Provision of attachments including laboratory reports and chain of custody documentation, results 
tables, figures, field notes and calibration records (where applicable). 

The anticipated reporting schedule and purpose is described in Table 10. 

Table 10.  Anticipated reports 
Report type Frequency and 

recipient 
Report purpose 

Monitoring 
report 

Bi-annually to 
Defence 

Presentation of factual data  

Review against Triggers 

Confirmation of appropriate implementation of administrative controls 

Flagging of changes in risk profile 

Annual PFAS 
monitoring and 
management 
report 

Annually for 
Defence to 
provide to NT 
Government and 
the Public 

Presentation of full year’s monitoring data 

Collation of related information from other sources (i.e. DENR or NT 
Health data, relevant Incident reports, publically available verified 
data) 

Review of trends in concentrations 

Verification that HHRA and ERA outcomes remain relevant 

Assessment of adequacy of existing exposure management controls 

Assessment of adequacy of monitoring locations, types and 
frequency to meet OMP objectives 

OMP review End of 3 years for 
Defence to 
discuss with NT 
Government 

Identification of improvements to the OMP procedures in light of 
observed variability or concentration changes 

Review of data gaps and nomination of measures to address 
significant gaps 

Review of changes in Australian or International practice and 
guidance in PFAS investigation 

Incident reports As required to 
Defence 

Reporting of changed conditions that require mitigation or warrant 
review of risk assessments 
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A review of the results of any monitoring program is to be undertaken with a view to confirming 
whether the risk profile of PFAS within the environment has changed.  This will include the 
comparison of results of sampling against published criteria, and also require a re-evaluation of risks 
to receptors in the areas where administrative controls apply.  This includes assessing the potential 
risks to consumers of fish/crustaceans/molluscs from Ludmilla and Rapid Creek, and risks to 
swimmers within Ludmilla Creek (up-stream of Dick Ward Drive).  Where the risk levels change and 
are either acceptable or become worse (such that an affected receptor group requires additional 
administrative controls), this advice is to be provided to Territory Agencies to review and update any 
health advice for these relevant receptor groups.   
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Appendix A OMP Figures 
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Table 1.  Groundwater monitoring network 

Loc Code Legacy Name On/Off 
Base 

Location Easting Northing Longitude Latitude Alternative Rationale/description 

MW215 201_MW04 On-Base Former Fuel Farm 1 702818.47 8626602.03 130.865746 -12.417202 MW121 Monitoring PFAS in source area 
Former Fuel Farm 1 

MW297 206_MW05 On-Base Former Fuel Farm 5 705349.27 8626029.66 130.889056 -12.422214 MW296 
(206_MW04) 

Monitoring PFAS within source 
area Former Fuel Farm 5 

MW303 207_MW04 On-Base Former Fuel Farms 
4 & 6 

704505.42 8626191.8 130.881285 -12.420803 MW302 
(207_MW05) 

Monitoring PFAS within source 
area Former Fuel Farms 4 & 6 

MW233 234_MW07 On-Base Former Fire Training 
Area 1 

705836.92 8625875.38 130.89355 -12.423577 MW235 
(241_MW02) 

Monitoring PFAS in source area 
Former Fire Training Area 1 

MW240 243_MW02 On-Base Current Fire Training 
Area 

702901.87 8628227.47 130.866408 -12.402506 Reinstall Monitoring PFAS in source area 
Current fire training area 

MW241 243_MW03 On-Base Current Fire Training 
Area 

702934.85 8628273.21 130.866709 -12.40209 Reinstall Monitoring PFAS down-gradient of 
Current fire training area 

MW405 BLD33_South On-Base Hangar 31 702890.28 8626701.32 130.8664 -12.4163 Reinstall Monitoring PFAS within source 
area Hangar 31 

MW103  On-Base RAAF Fire Station 702481.92 8626317.11 130.86267 -12.419798 MW100 Monitoring PFAS in source area 
RAAF Fire Station 

MW107  On-Base Down-gradient of 
Hangar 31 

705524.84 8626321.42 130.890651 -12.419566 MW108 Monitoring PFAS from source area 
Hangar 31 

MW112  On-Base North of Former Fuel 
Farm 5 

704057.23 8626597.16 130.877137 -12.417167 Reinstall Monitoring PFAS on plume 
centreline from Former Fuel Farm 5  

MW115  On-Base Former ARFF Fire 
Station 

704705.61 8626109.97 130.883131 -12.421529 MW116 Monitoring PFAS within source 
area Former ARFF Fire station 

MW128  On-Base Down-gradient of 
RAAF Fire Station 

705834.11 8625785.59 130.89353 -12.424389 Reinstall Monitoring PFAS migrating down-
gradient from source area Former 
RAAF fire station 

MW133  On-Base Former Fuel Farms 
4 & 6 

705231.13 8625726.89 130.887989 -12.424958 MW292 
(205_MW04) 

Monitoring PFAS in groundwater in 
source area Former Fuel Farm 4 & 
6 

MW139  On-Base Former Fire Training 
Area 1 

706047.36 8626483.27 130.895445 -12.418069 reinstall Monitoring PFAS leaving Former 
Fire Training Area 1 to the south 

MW141  On-Base Southern boundary 
of site 

703244.08 8625345.73 130.869741 -12.42853 MW231 
(234_MW04) 

Monitoring PFAS migrating south 
off the Base 

MW144  On-Base Southern boundary 
of site 

705496.65 8625510.42 130.890445 -12.426897 MW143 Monitoring PFAS migrating south 
off the Base 
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MW148  On-Base Western boundary of 
site 

703585.72 8628730.15 130.872664 -12.397919 MW201 Monitoring PFAS migrating off-
Base to the west 

MW156  On-Base Rapid Creek - 
Eastern end 

704143.58 8628184.64 130.877829 -12.402814 reinstall Monitoring PFAS in groundwater 
prior to discharge to Rapid Creek  

MW176  Off-Base Off-Base-south 705423.89 8627115.01 130.889671 -12.4124 reinstall Monitoring PFAS plume extent off-
Base 

MW180  Off-Base Off-Base-south 705166.52 8627447.70 130.887283 -12.409409 reinstall Monitoring PFAS plume extent off-
Base 

MW185  Off-Base Off-Base north 703180.55 8627939.89 130.868989 -12.405087 MW189 Monitoring PFAS plume extent off-
Base 

MW191  Off-Base Rapid Creek 704625.88 8626588.53 130.882367 -12.417209 reinstall Monitoring PFAS in groundwater 
prior to discharge to Rapid Creek  

MW193  Off-Base Rapid Creek 704261.79 8624938.78 130.879126 -12.432143 reinstall Monitoring PFAS in groundwater 
prior to discharge to Rapid Creek  

MW194  Off-Base Rapid Creek 701388.72 8626600.04 130.852599 -12.41731 reinstall Monitoring PFAS in groundwater 
prior to discharge to Rapid Creek  

MW195  Off-Base Rapid Creek 702589.34 8626487.45 130.863646 -12.418252 reinstall Monitoring PFAS in groundwater 
prior to discharge to Rapid Creek  

MW197  Off-Base Former Fire training 
area 2 (DIA) 

702075.69 8625981.38 130.858955 -12.422859 MW236 
(242_MW02) 

Monitoring PFAS in groundwater at 
source area Former Fire training 
area 2 

MW200  Off-Base Off-Base-south 704149.61 8625760.08 130.878041 -12.424727 reinstall Monitoring PFAS plume extent off-
Base 

MW205  On-Base North of Former Fuel 
Farms 4 & 6 

701819.74 8626389.55 130.856576 -12.419186 reinstall Monitoring PFAS in plume 
centreline from source area Former 
Fuel Farms 4 & 6 

MW209  Off-Base Off-Base-south 703156.19 8629358.70 130.868674 -12.392265 reinstall Monitoring PFAS plume extent off-
Base 

MW210  Off-Base Off-Base-west 704086.91 8625326.54 130.877493 -12.42865 reinstall Monitoring PFAS in Bagot/Ludmilla 
(off-Base plume) 

MW211  Off-Base Off-Base south west 702102.35 8625715.78 130.859218 -12.425257 reinstall Monitoring PFAS in the Narrows 
(off-Base) 

Note: Legacy well location names for alternative wells are listed in italics  
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Table 2.  Surface water monitoring network 

Loc code On/Off Base Location Easting Northing Longitude Latitude rationale/description 

SW101 On-Base Rapid Creek – Headwater south 
arm 706324 8626468 130.89799 -12.41819 Monitoring PFAS within Rapid Creek 

SW104 Off-Base Rapid Creek – Upstream of Weir 705089 8627606 130.88656 -12.407983 Monitoring PFAS within Rapid Creek 

SW106 Off-Base Rapid Creek - Weir 704584 8627963 130.881893 -12.404789 Monitoring PFAS within Rapid Creek  

SW108 Off-Base Rapid Creek - Near Henry-
Wrigley Drive 704144 8628315 130.877824 -12.401637 Monitoring PFAS within Rapid Creek  

SW109 Off-Base Rapid Creek - Near McMillans 
Road 703587 8628927 130.872663 -12.39614 Monitoring PFAS within Rapid Creek  

SW112 Off-Base Rapid Creek - Pipe-track 702788 8630605 130.865208 -12.381024 Monitoring PFAS within Rapid Creek  

SW113 Off-Base Rapid Creek - Fishing Platform 702326 8631150 130.860926 -12.376127 Monitoring PFAS within Rapid Creek  

SW114 Off-Base DIA drain to Rapid Creek - Near 
Dogs home 704995 8627526 130.8857 -12.408712 Monitoring PFAS contribution from DIA entering 

Rapid Creek 
SW115 Off-Base DIA drain to Rapid Creek 704642 8627648 130.882442 -12.407626 Monitoring PFAS contribution from DIA entering 

Rapid Creek 
SW168 Off-Base DIA drain to Rapid Creek - off 

Charles Eaton Dve 701052 8626476 130.849507 -12.418457 Monitoring PFAS contribution from DIA entering 
Rapid Creek 

SW120 Off-Base Ludmilla Creek (Dick Ward 
Drive) 701522 8626133 130.853854 -12.421523 Monitoring PFAS within Ludmilla Creek 

SW124 Off-Base Ludmilla Creek (Boat Ramp) 699783 8627150 130.837798 -12.412441 Monitoring PFAS within Ludmilla Creek 

SW125 Off-Base Ludmilla Creek (Accessible 
Drain) 704955 8624422 130.885536 -12.436766 Monitoring PFAS discharging off-Base to Ludmilla 

Creek 
SW132 Off-Base Top of Reichardt Creek east arm 706201 8624346 130.896997 -12.437375 Monitoring PFAS discharging to Reichardt Creek 

SW133 Off-Base Top of Reichardt Creek west arm 702410 8624851 130.862102 -12.433054 Monitoring PFAS discharging to Reichardt Creek 

SW143 Off-Base Drain to Sadgroves Creek 703882 8628384 130.875411 -12.401031 Monitoring PFAS discharging to Sadgroves Creek 

SW156 On-Base On-Base – Current fire training 
ground 702904 8628401 130.866417 -12.400937 Monitoring surface water flow from the current fire 

training area 
SW160 On-Base On-Base – stormwater pipe from 

Airside operations 702276 8626280 130.860778 -12.420147 Monitoring PFAS in on-Base stormwater pipe 
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SW162 On-Base On-Base – southern boundary 703449 8625753 130.871599 -12.424836 Monitoring PFAS in stormwater leaving the Base to 
the south 

SW170 On-Base On Base - Eastern end of runway 706189 8626092 130.896773 -12.421596 Monitoring PFAS in surface water drains coming from 
key on-Base source areas  

SW178 On-Base On Base - Drain near Former 
Fuel Farm 5 705274 8626083 130.888363 -12.421735 Monitoring PFAS in surface water drains coming from 

key on-Base source areas  
SW181 On-Base On Base - Main drain to the north 

of Former Fuel Farms 4 & 6 704774 8626170 130.883754 -12.420986 Monitoring PFAS in surface water drains coming from 
key on-Base source areas  
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Appendix C Recommended sampling methodologies 

All sampling works should be conducted in accordance with guidance set out in the PFAS NEMP 
(2018) and the NEPM (2013). In addition to these documents, the following section provides 
additional information regarding sampling methodologies. 

Groundwater sampling methodology 

Groundwater samples should be collected via an appropriate sampling technique, in accordance with 
the PFAS NEMP (2018) and industry best practice guidelines. The general groundwater sampling 
methodology is described below. 

•  Gauge and record the depth to groundwater: 

o Use an interface probe to measure depth to water. In the event that LNAPL is detected, 
measure the thickness and confirm using a disposable bailer.  

o Measure the total well depth. In the event that DNAPL is detected, measure the thickness and 
confirm using a disposable bailer. 

o Measure depth to water to the nearest mm, measured from the survey mark or highest point of 
the well casing. 

o Record the date, time, well condition and any odours noted. 

• Collect a groundwater sample using either low/high-flow pump purging or via a Hydrasleeve grab 
sampler. These samples should be collected in accordance with industry and/or manufacturer 
guidelines. 

• If conducting low/high-flow sampling, purging of groundwater should take place until field 
parameters have stabilised prior to collecting a sample, two equipment volumes or one well 
volume has been purged. Field parameters should be recorded at regular intervals. 

• If collecting samples using Hydrasleeves (to be left within each well for a minimum of 12 hours 
prior to sampling), in-situ groundwater field quality parameters should be recorded after sample 
collection using a down-hole water quality meter. 

•  Groundwater samples should be collected from approximately 1 m below the standing water level 
(SWL). 

• All sampling equipment used should be made from appropriate materials, as described in the 
PFAS NEMP (2018). 

• All reusable sampling equipment should be decontaminated in accordance with the methodology 
described in this OMP. 

• Single use sampling equipment and any waste generated during works associated with this OMP 
(including generation of waste water or soil) should be managed and/or disposed of appropriately. 

Surface water sampling methodology 

Surface water samples should be collected in accordance with PFAS NEMP (2018) guidelines.  

Surface water samples should be collected from either mid-way through the water column or 
approximately 0.5 m below the surface (if possible), without disturbing the bottom of the surface water 
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body. Samples should be collected without capturing any surface film.  Observations of weather 
conditions, an estimate of flow velocity and water column observations should be collected.  

Decontamination procedures 

In addition to guidance described in the PFAS NEMP (2018), the following procedures should be 
applied for decontamination of sampling equipment, where applicable. 

• Re-useable equipment (e.g. level probe, water quality probes, sampling poles etc.) shall be 
decontaminated prior to first use each day at each site, and between each sampling location or at 
an increased frequency to provide a satisfactory level of decontamination suitable to meet the 
project requirements/site conditions.  

• Disposable (single use) equipment, such as nitrile gloves, tubing, Hydrasleeves etc., will be 
disposed of appropriately following each use. This equipment is not to be re-used and therefore 
does not require decontamination.  

• Care will be taken at all times to handle the cleaned equipment and samples only with clean 
disposable nitrile gloves. Equipment will be stored after decontamination and prior to use, in clean 
polypropylene bags, to ensure the cleaned equipment does not come into contact with anything 
that may introduce contamination to the equipment.  

• Care will be taken to ensure that the decontamination process does not contribute to the spread of 
contamination of the site, stormwater or off site locations.  

The procedure noted below will be followed as a minimum when decontaminating reusable equipment 
used to sample soil and groundwater at the site. 

• For equipment used to sample solids, all adhered materials (such as soil, vegetation) will be 
removed from the sampling equipment by gloved hand, paper towel or scrubbing brush.  

• Wash the equipment in a bucket of potable water. Use of detergents is only recommended if 
appropriate testing has confirmed that the detergent is suitable for use in a PFAS investigation. 

• Rinse the equipment thoroughly in a second bucket containing distilled water.  

• Spray rinse the equipment with pure water (preferably UHP or deionised/distilled water meeting 
Grade 3 as defined in ISO 3696).  

• Dry the decontaminated equipment with disposable towels or air dry on a surface that will not 
result in the re-contamination of the equipment.  

• Where equipment is being temporarily stored between sample locations (i.e. where another round 
of decontamination washing is not being undertaken) the equipment is to be stored in clean 
polypropylene bags, to prevent re-contamination prior to its next use.  

Sample preservation and documentation 

Samples will be placed in laboratory prepared containers suitable for PFAS analysis. The sample 
containers will then be placed directly into an insulated ice chest containing ice, for transportation to a 
NATA accredited analytical laboratory with the Chain of Custody form recording the following 
information: 

• project reference; 

• date of sampling; 

• sample identifications; 
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• matrix and container details; 

• preservation methods; 

• name of sampler; 

• required analysis; 

• turnaround times required; and 

• signatures of sender and receiving laboratory. 

The following sample naming protocols will be adopted for all samples, in accordance with Defence 
Contamination Directive #7. 

• Property ID (1302_) 

• Sample location incorporating sample type (i.e. SW124) 

• Date sample collected (_YYMMDD) 

Additional details for sample nomenclature should be sourced from Defence Contamination Directive 
#7. 
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Appendix D Monitoring well construction details 

 



RAAF Base Darwin
PFAS Management Area Plan - Ongoing Monitoring Program

Appendix D - Groundwater Monitoring Well Details

Department of Defence

Sample ID
Date of 
Installation

Top of Well 
Casing 
Elevation 
(mAHD)

Bottom of 
Well Casing / 
Top of Well 

Screen Depth 
(mBTOC)

Bottom of 
Well Casing / 
Top of Well 
Screen Depth 
(mAHD)

Bottom of 
Well Screen 

(mBTOC)

Bottom of 
Well Screen 
(mAHD)

Screen length Description of Screened Lithology

016_MW01 28-02-12 unknown - - - - - -
018_MW02 28-02-12 unknown - - - - - -
201_MW04 26-06-06 unknown 1.5 - 15 - 13.5 -
204_MW03 28-02-12 unknown - - - - - -
204_MW04 28-02-12 unknown - - - - - -
204_MW05 28-02-12 unknown - - - - - -
204_MW11 28-02-12 unknown - - - - - -
205_MW01 26-06-06 unknown 1.5 - 15 - 13.5 -
205_MW02 26-06-06 unknown 1.5 - 15 - 13.5 -
205_MW03 28-02-12 unknown - - - - - -
205_MW04 28-02-12 unknown 1 - 15 - 14 -
205_MW05 28-02-12 unknown 1 - 15 - 14 -
206_MW01 26-06-06 unknown 1.5 - 15 - 13.5 -
206_MW02 26-06-06 unknown 1.5 - 15 - 13.5 -
206_MW03 26-06-06 unknown 1.5 - 15 - 13.5 -
206_MW04 28-02-12 unknown 1 - 15 - 14 -
206_MW05 28-02-12 unknown 1 - 15 - 14 -
206_MW06 28-02-12 unknown 1 - 15 - 14 -
207_MW01 26-06-06 unknown 1 - 15 - 14 -
207_MW02 26-06-06 unknown 1.5 - 14.5 - 13 -
207_MW03 26-06-06 unknown 1.4 - 14.9 - 13.5 -
207_MW04 28-02-12 unknown 1 - 15 - 14 -
207_MW05 28-02-12 unknown 1 - 15 - 14 -
221_MW01 26-06-06 unknown - - - - - -
221_MW02 26-06-06 unknown 1 - 16 - 15 -
221_MW03 26-06-06 unknown - - - - - -
222_MW01 26-06-06 unknown 1 - 15.5 - 14.5 -
222_MW02 26-06-06 unknown 1 - 15.5 - 14.5 -
222_MW03 26-06-06 unknown 1 - 15.5 - 14.5 -
229_MW01 26-06-06 unknown 1.5 - 15 - 13.5 -
229_MW02 26-06-06 unknown 1.5 - 15 - 13.5 -
230_MW01 26-06-06 unknown 1.5 - 15 - 13.5 -
232_MW01 26-06-06 unknown - - - - - -
232_MW02 26-06-06 unknown - - - - - -
232_MW03 26-06-06 unknown - - - - - -
234_MW01 26-06-06 unknown 1 - 15 - 14 -
234_MW03 26-06-06 unknown 1 - 15 - 14 -
234_MW04 26-06-06 unknown 1 - 15 - 14 -
234_MW06 26-06-06 unknown 1.5 - 15 - 13.5 -
234_MW07 26-06-06 unknown 1 - 15 - 14 -
241_MW01 28-02-12 unknown 1 - 15 - 14 -
241_MW02 28-02-12 unknown 1 - 15 - 14 -
242_MW01 28-02-12 unknown 1 - 15 - 14 -
242_MW02 28-02-12 unknown 1 - 15 - 14 -
242_MW03 28-02-12 unknown 1 - 15 - 14 -
243_MW01 28-02-12 unknown 1 - 15 - 14 -
243_MW02 28-02-12 unknown 1 - 15 - 14 -
243_MW03 28-02-12 unknown 1 - 15 - 14 -
246_MW02 26-06-06 unknown - - - - - -
246_MW03 26-06-06 unknown - - - - - -
441_MW01 28-02-12 unknown - - - - - -
441_MW02 28-02-12 unknown - - - - - -
446_MW01 28-02-12 unknown - - - - - -
502_MW01 28-02-12 unknown - - - - - -
502_TP01 28-02-12 unknown - - - - - -
507_MW01 28-02-12 unknown 0.5 - 2 - 1.5 -
ASMW01 unknown unknown - - - - - -
ASMW02 unknown unknown - - - - - -
ASMW03 unknown unknown - - - - - -
ASMW04 unknown unknown - - - - - -
BLD33_North unknown unknown 1 - 15 - 14 -
BLD33_South unknown unknown - - - - - -
DARMW01 26-06-06 unknown - - - - - -
DARMW02 26-06-06 unknown - - - - - -
DARMW04 26-06-06 unknown 1 - 15 - 14 -
DARMW07 26-06-06 unknown - - - - - -
GMW103 unknown unknown - - - - - -
HLAM-08 unknown unknown - - - - - -
MW100 20-06-17 19.242 1 18.242 12 7.242 11 Mostly Silt Stone
MW101 20-06-17 19.346 1 18.346 12 7.346 11 Mostly Silt Stone
MW102 20-06-17 19.58 1 18.58 12 7.58 11 Mostly Silt Stone
MW103 20-06-17 19.549 1 18.549 12 7.549 11 Mostly Silt Stone
MW104 21-06-17 16.971 1 15.971 12 4.971 11 Mostly Silt Stone
MW105 21-06-17 17.439 1 16.439 12 5.439 11 Mostly Silt Stone
MW106 22-06-17 17.695 1 16.695 12 5.695 11
MW107 22-06-17 21.941 1 20.941 12 9.941 11 Mostly Silt Stone
MW108 23-06-17 23.646 1 22.646 12 11.646 11
MW109 23-06-17 24.017 1 23.017 12 12.017 11
MW110 26-06-17 24.613 1 23.613 12 12.613 11 Mostly siltstone
MW111 24-06-17 25.422 1 24.422 12 13.422 11
MW112 24-06-17 26.971 1 25.971 12 14.971 11 Mostly Silt Stone
MW113 24-06-17 27.4 1 26.4 12 15.4 11 Mostly Silt Stone with some porcelenite
MW114 24-06-17 29.225 1 28.225 12 17.225 11 Mostly Silt Stone
MW115 25-06-17 32.407 1 31.407 12 20.407 11 Mostly Silt Stone
MW116 25-06-17 32.184 1 31.184 12 20.184 11 Mostly Silt Stone
MW117 25-06-17 31.506 1 30.506 12 19.506 11 Mostly Silt Stone
MW118 26-06-17 25.579 1 24.579 12 13.579 11
MW119 28-06-17 20.757 1 19.757 12 8.757 11 Mostly siltstone
MW120 28-06-17 22.617 1 21.617 12 10.617 11 Mostly Silt Stone
MW121 27-06-17 25.898 1 24.898 12 13.898 11

754-MELEN199421 1 of 2
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Appendix D - Groundwater Monitoring Well Details

Department of Defence

Sample ID
Date of 
Installation

Top of Well 
Casing 
Elevation 
(mAHD)

Bottom of 
Well Casing / 
Top of Well 

Screen Depth 
(mBTOC)

Bottom of 
Well Casing / 
Top of Well 
Screen Depth 
(mAHD)

Bottom of 
Well Screen 

(mBTOC)

Bottom of 
Well Screen 
(mAHD)

Screen length Description of Screened Lithology

MW122 03-07-17 31.678 1 30.678 12 19.678 11 Laterite and siltstone gravels
MW123 03-07-17 30.874 1 29.874 12 18.874 11 Mostly Siltstone
MW124 03-07-17 31.753 1 30.753 12 19.753 11 Siltstone
MW125 29-06-17 15.981 1 14.981 12 3.981 11 Mostly siltstone
MW126 29-06-17 15.277 1 14.277 12 3.277 11 Mostly siltstone
MW127 21-08-17 16.2 1 15.2 12 4.2 11 Mostly Silt Stone
MW128 30-06-17 11.394 1 10.394 12 -0.606 11 Mostly siltstone
MW129 30-06-17 17.559 1 16.559 12 5.559 11 Mostly siltstone
MW130 30-06-17 17.613 1 16.613 12 5.613 11 Mostly siltstone
MW131 14-07-17 22.35 1 21.35 12 10.35 11 Siltstone
MW132 14-07-17 23.63 1 22.63 12 11.63 11 Mostly siltstone
MW133 04-07-17 30.902 1 29.902 12 18.902 11 Silty gravel
MW134 04-07-17 30.999 1 29.999 12 18.999 11 Gravelly siltstone
MW135 05-07-17 25.006 1 24.006 12 13.006 11 Siltstone
MW136 05-07-17 24.894 1 23.894 12 12.894 11 Siltstone
MW137 05-07-17 27.356 1 26.356 12 15.356 11 Siltstone
MW138 06-07-17 27.761 1 26.761 12 15.761 11 Siltstone
MW139 06-07-17 28.548 1 27.548 12 16.548 11 Sandstone
MW140 06-07-17 29.925 1 28.925 12 17.925 11 Siltstone
MW141 07-07-17 30.097 1 29.097 12 18.097 11 Silt and claystone
MW142 07-07-17 31.508 1 30.508 12 19.508 11 Laterite, claystone and siltstone
MW143 10-07-17 30.368 1 29.368 12 18.368 11 Sandy gravel and siltstone
MW144 10-07-17 30.686 1 29.686 12 18.686 11 Gravel and siltstone
MW145 10-07-17 7.423 1 6.423 12 -4.577 11 Mostly Silt Stone
MW146 11-07-17 14.051 1 13.051 12 2.051 11 Mostly Silt Stone
MW147 10-07-17 10.153 1 9.153 12 -1.847 11 Siltstone
MW148 11-07-17 12.156 1 11.156 12 0.156 11 Mostly Silt Stone
MW149 11-07-17 13.123 1 12.123 12 1.123 11 Siltstone
MW150 12-07-17 10.229 1 9.229 12 -1.771 11 Mostly siltstone
MW151 12-07-17 14.429 1 13.429 12 2.429 11 Mostly siltstone
MW152 12-07-17 15.401 1 14.401 12 3.401 11 Mostly siltstone
MW153 13-07-17 20.607 1 19.607 12 8.607 11 Mostly siltstone
MW154 13-07-17 25.465 1 24.465 12 13.465 11 Mostly siltstone
MW155 13-07-17 22.644 1 21.644 12 10.644 11 Mostly siltstone
MW156 19-07-17 23.043 1 22.043 12 11.043 11 Mostly Silt Stone
MW157 17-07-17 29.13 1 28.13 12 17.13 11 Mostly Silt Stone
MW158 17-07-17 34.9 1 33.9 12 22.9 11 Mostly Silt Stone
MW161 18-07-17 30.538 1 29.538 12 18.538 11 Mostly Silt Stone
MW162 18-07-17 30.915 1 29.915 12 18.915 11 Mostly Silt Stone
MW163 18-07-17 31.064 1 30.064 12 19.064 11 Mostly Silt Stone
MW164 19-07-17 30.934 1 29.934 12 18.934 11 Mostly Silt Stone
MW165 19-07-17 30.785 1 29.785 12 18.785 11 Mostly Silt Stone
MW166 19-07-17 30.522 1 29.522 12 18.522 11 Mostly Silt Stone
MW167 20-07-17 31.692 1 30.692 12 19.692 11 Mostly Silt Stone
MW168 21-07-17 29.407 1 28.407 12 17.407 11 Mostly Silt Stone
MW169 21-07-17 29.249 1 28.249 12 17.249 11 Mostly Silt Stone
MW170 24-07-17 28.638 1 27.638 12 16.638 11 Mostly Silt Stone
MW171 24-07-17 28.95 1 27.95 12 16.95 11 Mostly Silt Stone
MW172 25-07-17 29.038 1 28.038 12 17.038 11 Mostly Silt Stone
MW173 25-07-17 14.321 1 13.321 12 2.321 11 Mostly Silt Stone
MW174 25-07-17 27.383 1 26.383 12 15.383 11 Mostly Silt Stone
MW175 26-07-17 8.675 1 7.675 12 -3.325 11 Mostly Silt Stone
MW176 26-07-17 18.739 1 17.739 12 6.739 11 Mostly Silt Stone
MW177 27-07-17 21.315 1 20.315 12 9.315 11 Mostly Silt Stone
MW178 27-07-17 19.73 1 18.73 12 7.73 11 Mostly Silt Stone
MW179 27-07-17 21.415 1 20.415 12 9.415 11 Mostly Silt Stone
MW180 31-07-17 29.056 1 28.056 12 17.056 11 Mostly siltstone
MW181 31-07-17 15.588 1 14.588 12 3.588 11
MW182 01-08-17 4.527 1 3.527 12 -7.473 11 Mostly Silt Stone
MW183 01-08-17 4.476 1 3.476 12 -7.524 11 Mostly Silt Stone
MW184 01-08-17 10.249 1 9.249 12 -1.751 11 Mostly Silt Stone
MW185 02-08-17 5.823 1 4.823 12 -6.177 11 Mostly Silt Stone
MW186 04-08-17 8.513 1 7.513 12 -3.487 11 Mostly siltstone
MW187 02-08-17 3.698 1 2.698 12 -8.302 11 Mostly Silt Stone and clay
MW188 03-08-17 6.054 1 5.054 12 -5.946 11 Mostly Silt Stone
MW189 05-08-17 9.431 1 8.431 12 -2.569 11 Mostly Silt Stone
MW190 04-08-17 11.342 1 10.342 12 -0.658 11 Mostly Silt Stone with clay
MW191 05-08-17 10.909 1 9.909 12 -1.091 11 Mostly Silt Stone
MW192 06-08-17 12.418 1 11.418 12 0.418 11 Mostly Silt Stone
MW193 07-08-17 13.14 1 12.14 12 1.14 11 Mostly Silt Stone and clayey gravel
MW194 09-08-17 18.238 1 17.238 12 6.238 11 Mostly Silt Stone
MW195 11-08-17 16.738 1 15.738 12 4.738 11 Mostly Silt Stone some clayey gravelly higher in hole
MW196 10-08-17 11.969 1 10.969 12 -0.031 11 Mostly Silt Stone
MW197 10-08-17 26.195 1 25.195 12 14.195 11 Siltstone
MW198 10-08-17 21.995 1 20.995 12 9.995 11 Siltstone
MW199 11-08-17 29.64 1 28.64 15 14.64 11 Mostly Silt Stone
MW200 18-08-17 26.233 1 25.233 12 14.233 11 Mostly Silt Stone
MW201 18-08-17 5.923 1 4.923 12 -6.077 11 Mostly Silt Stone
MW202 18-08-17 14.94 1 13.94 15 -0.06 11 Mostly Silt Stone
MW203 22-08-17 21.368 1 20.368 10 11.368 11 Clay
MW204 24-08-17 22.539 1 21.539 15 7.539 11 Mostly Silt Stone
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Irrigation3 5.65 0.75

Non-potable Domestic 0.566 0.076

Maintenance of Ecosystems - Freshwater 95%2 2204 0.134

Maintenance of Ecosystems - Freshwater 99%2 194 0.000234

Field ID Location Sample Date Area Source
1302_201_MW04_171114 1302_201_MW04 14-Nov-17 Fuel Farm 1 (NT 201) Coffey 0.06 0.12 0.23 0.06 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.11 1.4 0.08 3.6 5 <0.01 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_201_MW04_180111 1302_201_MW04 11-Jan-18 Fuel Farm 1 (NT 201) Coffey 0.05 0.11 0.29 0.06 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.16 1.6 0.09 3.9 5.5 <0.01 0.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_201_MW04_180308 1302_201_MW04 08-Mar-18 Fuel Farm 1 (NT 201) Coffey 0.08 0.17 0.64 0.1 0.16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.25 3.3 0.2 6.6 9.9 <0.01 0.47 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.06 <0.01 <0.01
1302_201_MW04_170828 1302_201_MW04 28-Aug-17 Fuel Farm 1 (NT 201) Coffey 0.06 0.11 0.29 0.06 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.6 0.11 3.8 5.4 <0.01 0.17 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_201_MW04_170424 1302_201_MW04 24-Apr-17 Fuel Farm 1 (NT 201) Coffey 0.09 0.18 0.78 0.14 0.19 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.47 4.5 0.22 6.1 10.6 <0.01 0.57 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.06 <0.01 <0.01
1302_201_MW04_170422 1302_201_MW04 22-Apr-17 Fuel Farm 1 (NT 201) Coffey 0.1 0.19 0.85 0.16 0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.54 5.5 0.26 7.4 12.9 <0.01 0.6 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.05 <0.01 <0.01
1302_206_MW05_170901 1302_206_MW05 01-Sep-17 Fuel Farm 5 (NT0206) Coffey 0.18 0.25 1.6 0.22 0.53 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.79 5 0.51 23 28 0.03 0.65 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.03 <0.01
1302_207_MW04_170905 1302_207_MW04 05-Sep-17 Fuel farm 6 (NT0207) Coffey 1.4 2.3 11 1.6 3.7 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 6.1 51 2.7 57 108 <0.01 4.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.11 0.03 <0.01
1302_234_MW07_171115 1302_234_MW07 15-Nov-17 Former fire training ground 1 (NT0241) Coffey 0.49 0.62 2.7 0.29 0.69 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1.8 9.9 0.88 37 46.9 0.02 1.6 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_234_MW07_180112 1302_234_MW07 12-Jan-18 Former fire training ground 1 (NT0241) Coffey 0.35 0.63 2.2 0.21 0.4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.91 6.3 0.43 20 26.3 0.02 0.88 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_234_MW07_180307 1302_234_MW07 07-Mar-18 Former fire training ground 1 (NT0241) Coffey 0.11 0.14 0.51 0.06 0.14 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.26 1.8 0.15 7.7 9.5 0.06 0.24 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_234_MW07_170831 1302_234_MW07 31-Aug-17 Former fire training ground 1 (NT0241) Coffey 0.11 0.15 0.69 0.07 0.16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.43 2.2 0.2 6.7 8.9 <0.01 0.37 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_234_MW07_170424 1302_234_MW07 24-Apr-17 Former fire training ground 1 (NT0241) Coffey 0.28 0.38 1.4 0.17 0.44 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.76 5.3 0.48 22 27.3 0.13 0.65 0.19 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_243_MW02_180112 1302_243_MW02 12-Jan-18 Current Fire Training Ground (NT0243) Coffey 2.3 3.9 9.6 6 10 3.1 0.15 <0.01 <0.01 <0.01 <0.01 2.3 17 2.5 82 99 <0.01 3.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.84 4.6 <0.01
1302_243_MW02_180308 1302_243_MW02 08-Mar-18 Current Fire Training Ground (NT0243) Coffey 2 3.8 7.3 4 5.1 1.1 0.11 <0.01 <0.01 <0.01 <0.01 1.6 10 1.3 29 39 0.06 0.76 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.45 2.3 <0.01
1302_243_MW02_170822 1302_243_MW02 22-Aug-17 Current Fire Training Ground (NT0243) Coffey 1.9 2.9 7 4.3 5.5 1 0.11 0.01 <0.01 <0.01 <0.01 2.2 11 1.3 48 59 0.05 2.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.62 2 <0.01
1302_243_MW02_170424 1302_243_MW02 24-Apr-17 Current Fire Training Ground (NT0243) Coffey 1.5 2.2 4.9 3.3 3.7 0.88 0.1 <0.01 <0.01 <0.01 <0.01 1.3 6.7 0.4 23 29.7 <0.01 1.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.41 1.3 <0.01
1302_243_MW03_180112 1302_243_MW03 12-Jan-18 Current Fire Training Ground (NT0243) Coffey 1 1.8 3 2.5 2.9 0.66 0.05 <0.01 <0.01 <0.01 <0.01 0.74 5.5 0.56 23 28.5 <0.01 0.91 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.25 0.82 <0.01
1302_243_MW03_180308 1302_243_MW03 08-Mar-18 Current Fire Training Ground (NT0243) Coffey 1.3 3.2 3.8 2.8 3.6 0.68 0.04 <0.01 <0.01 <0.01 <0.01 0.99 6.7 0.78 17 23.7 <0.01 0.61 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.3 0.82 <0.01
1302_243_MW03_170424 1302_243_MW03 24-Apr-17 Current Fire Training Ground (NT0243) Coffey 1.2 2.1 3.6 2.9 3.2 0.66 0.05 <0.01 <0.01 <0.01 <0.01 0.91 5.3 0.41 18 23.3 <0.01 0.82 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.33 0.59 <0.01
1302_BLD33_STH_180306 1302_BLD33_STH 06-Mar-18 Hangar 31 (NT1031) Coffey <0.05 0.02 0.1 0.01 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.63 0.05 1.4 2.03 0.01 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.01 <0.01
1302_MW103_171114 1302_MW103 14-Nov-17 Former RAAF Fire Station Coffey <0.05 0.02 0.07 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.56 0.02 1.4 1.96 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW103_180308 1302_MW103 08-Mar-18 Former RAAF Fire Station Coffey 0.07 0.13 0.76 0.1 0.2 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.22 3.2 0.2 14 17.2 <0.01 0.35 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW103_170823 1302_MW103 23-Aug-17 Former RAAF Fire Station Coffey 0.08 0.17 0.81 0.14 0.31 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.3 4.5 0.23 8.2 12.7 <0.01 0.34 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW103_170724 1302_MW103 24-Jul-17 Former RAAF Fire Station Coffey 0.07 0.18 0.79 0.1 0.25 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.29 4.3 0.29 13 17.3 <0.01 0.37 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW107_171114 1302_MW107 14-Nov-17 general site Coffey 0.12 0.18 0.73 0.13 0.26 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.32 4.8 0.35 10 14.8 <0.01 0.49 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW107_180112 1302_MW107 12-Jan-18 general site Coffey 0.09 0.19 0.77 0.12 0.19 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.3 3.9 0.21 7.9 11.8 <0.01 0.43 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW107_180308 1302_MW107 08-Mar-18 general site Coffey 0.08 0.18 0.59 0.09 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 2.7 0.18 6.1 8.8 <0.01 0.34 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW107_170829 1302_MW107 29-Aug-17 general site Coffey 0.09 0.17 0.76 0.1 0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.37 3.8 0.28 8.3 12.1 <0.01 0.47 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW107_170710 1302_MW107 10-Jul-17 general site Coffey 0.09 0.19 0.91 0.12 0.29 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.32 4.1 0.61 10 14.1 <0.01 0.52 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW112_171113 1302_MW112 13-Nov-17 Fuel Farm 5 (NT0206) Coffey 0.13 0.28 1.3 0.2 0.34 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.46 5.9 0.24 14 19.9 <0.01 0.58 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.02 <0.01
1302_MW112_180112 1302_MW112 12-Jan-18 Fuel Farm 5 (NT0206) Coffey 0.12 0.18 1 0.12 0.25 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.43 3.4 0.27 15 18.4 <0.01 0.49 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.02 <0.01
1302_MW112_180306 1302_MW112 06-Mar-18 Fuel Farm 5 (NT0206) Coffey 0.09 0.14 0.88 0.09 0.19 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.35 2.7 0.36 7.8 10.5 0.03 0.39 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.01 <0.01
1302_MW112_170824 1302_MW112 24-Aug-17 Fuel Farm 5 (NT0206) Coffey 0.14 0.28 1.3 0.14 0.29 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.52 5.7 0.26 15 20.7 <0.01 0.55 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW112_170803 1302_MW112 03-Aug-17 Fuel Farm 5 (NT0206) Coffey 0.16 0.25 1.4 0.16 0.33 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.61 4.5 0.37 20 24.5 0.02 0.59 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.03 <0.01
1302_MW115_171113 1302_MW115 13-Nov-17 Former ARFF Fire Station Coffey 1.7 3.6 14 1.7 4.1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 7.4 57 6.9 260 317 <0.2 6.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
1302_MW115_180112 1302_MW115 12-Jan-18 Former ARFF Fire Station Coffey 0.7 1.4 6.8 0.71 1.9 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 3.7 28 2.7 130 158 <0.2 4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
1302_MW115_180306 1302_MW115 06-Mar-18 Former ARFF Fire Station Coffey 0.37 0.77 4.1 0.44 1.3 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 2.3 16 3 52 68 0.06 2.7 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW115_170824 1302_MW115 24-Aug-17 Former ARFF Fire Station Coffey 1.4 2.9 10 1.2 3 0.03 0.01 <0.01 <0.01 <0.01 <0.01 5.7 46 6.4 340 386 <0.01 5.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.06 0.04 <0.01
1302_MW115_170803 1302_MW115 03-Aug-17 Former ARFF Fire Station Coffey 0.89 1.7 7.9 0.83 2.1 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 4.3 31 2.3 80 111 0.02 4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW128_171116 1302_MW128 16-Nov-17 general site Coffey 0.09 0.13 0.57 0.09 0.2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.24 3.3 0.24 7.1 10.4 <0.01 0.33 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW128_180115 1302_MW128 15-Jan-18 general site Coffey 0.07 0.14 0.61 0.07 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.31 2.9 0.14 6.8 9.7 <0.01 0.36 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW128_180308 1302_MW128 08-Mar-18 general site Coffey 0.07 0.11 0.57 0.08 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.29 3 0.18 8 11 <0.01 0.34 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW128_170901 1302_MW128 01-Sep-17 general site Coffey 0.07 0.14 0.6 0.09 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.23 3.2 0.22 6.8 10 <0.01 0.37 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW128_170724 1302_MW128 24-Jul-17 general site Coffey 0.06 0.12 0.54 0.07 0.14 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.26 2.5 0.19 7.1 9.6 <0.01 0.28 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW133_171115 1302_MW133 15-Nov-17 Fuel farm 4 (NT0205) Coffey 0.18 0.4 3.2 0.26 0.72 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.63 8.4 0.91 53 61.4 <0.01 0.85 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.17 0.04 <0.01
1302_MW133_180112 1302_MW133 12-Jan-18 Fuel farm 4 (NT0205) Coffey 0.19 0.63 3 0.27 0.56 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.35 6.8 0.66 45 51.8 <0.01 0.55 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.27 0.07 <0.01
1302_MW133_180307 1302_MW133 07-Mar-18 Fuel farm 4 (NT0205) Coffey 0.32 0.72 4.4 0.44 1.2 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 1.1 13 1.6 99 112 <0.01 1.5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.07 0.07 <0.01
1302_MW133_170828 1302_MW133 28-Aug-17 Fuel farm 4 (NT0205) Coffey 0.25 0.56 3.2 0.29 0.74 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.93 9 1.1 51 60 <0.01 1.1 0.12 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.37 0.04 <0.01
1302_MW133_170807 1302_MW133 07-Aug-17 Fuel farm 4 (NT0205) Coffey 0.29 0.76 3.8 0.35 0.94 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 1 10 1.3 62 72 <0.01 1.3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.42 0.05 <0.01
1302_MW139_171115 1302_MW139 15-Nov-17 general site Coffey <0.05 0.05 0.23 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.2 0.11 4.5 5.7 <0.01 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW139_180112 1302_MW139 12-Jan-18 general site Coffey <0.05 0.02 0.07 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.24 0.02 1.3 1.54 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW139_180307 1302_MW139 07-Mar-18 general site Coffey <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.13 <0.01 0.43 0.56 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW139_170828 1302_MW139 28-Aug-17 general site Coffey <0.05 0.05 0.23 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.2 0.14 5.2 6.4 <0.01 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW139_170724 1302_MW139 24-Jul-17 general site Coffey <0.05 0.05 0.19 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.11 0.96 0.12 4.1 5.06 <0.01 0.13 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW141_180307 1302_MW141 07-Mar-18 general site Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.12 <0.01 0.11 0.23 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW141_170828 1302_MW141 28-Aug-17 general site Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 <0.01 0.14 0.27 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Irrigation3 5.65 0.75

Non-potable Domestic 0.566 0.076

Maintenance of Ecosystems - Freshwater 95%2 2204 0.134

Maintenance of Ecosystems - Freshwater 99%2 194 0.000234

Field ID Location Sample Date Area Source

PFAS

1302_MW141_170724 1302_MW141 24-Jul-17 general site Coffey <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 <0.01 0.16 0.29 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW144_171115 1302_MW144 15-Nov-17 general site Coffey <0.05 0.05 0.3 0.03 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.21 1.8 0.1 3.6 5.4 <0.01 0.22 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW144_180111 1302_MW144 11-Jan-18 general site Coffey <0.05 0.05 0.26 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 1.5 0.08 3.4 4.9 <0.01 0.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW144_180307 1302_MW144 07-Mar-18 general site Coffey <0.05 0.02 0.11 0.02 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 0.95 0.05 1.6 2.55 <0.01 0.11 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW144_170828 1302_MW144 28-Aug-17 general site Coffey <0.05 0.05 0.29 0.03 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.2 1.7 0.11 3.5 5.2 <0.01 0.22 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW144_170724 1302_MW144 24-Jul-17 general site Coffey <0.05 0.06 0.29 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 1.5 0.11 3.4 4.9 <0.01 0.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW148_171116 1302_MW148 16-Nov-17 general site Coffey <0.05 0.05 0.26 0.06 0.14 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.17 2.6 0.23 7.5 10.1 <0.01 0.24 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW148_180115 1302_MW148 15-Jan-18 general site Coffey <0.05 0.06 0.31 0.05 0.11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.23 2.4 0.17 7.9 10.3 <0.01 0.31 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW148_180308 1302_MW148 08-Mar-18 general site Coffey <0.05 0.05 0.3 0.05 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.22 2.6 0.18 7.6 10.2 <0.01 0.28 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW148_170901 1302_MW148 01-Sep-17 general site Coffey <0.05 0.07 0.33 0.06 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.19 2.8 0.22 5.2 8 <0.01 0.3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.06 0.02 <0.01
1302_MW148_170807 1302_MW148 07-Aug-17 general site Coffey <0.05 0.06 0.32 0.04 0.14 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.22 2.7 0.17 4.5 7.2 <0.01 0.33 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW156_171114 1302_MW156 14-Nov-17 Rapid Creek Sentinel Coffey 0.07 0.11 0.4 0.05 0.16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.19 2.8 0.23 8.7 11.5 <0.01 0.26 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW156_180111 1302_MW156 11-Jan-18 Rapid Creek Sentinel Coffey 0.05 0.08 0.39 0.04 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.2 1.8 0.1 5.7 7.5 <0.01 0.21 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW156_180307 1302_MW156 07-Mar-18 Rapid Creek Sentinel Coffey 0.09 0.14 0.71 0.08 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.37 3.4 0.2 8.9 12.3 <0.01 0.41 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW156_170905 1302_MW156 05-Sep-17 Rapid Creek Sentinel Coffey 0.06 0.11 0.45 0.06 0.16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.25 2.7 0.11 6.5 9.2 <0.01 0.22 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW156_170807 1302_MW156 07-Aug-17 Rapid Creek Sentinel Coffey 0.06 0.1 0.43 0.05 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.24 2.3 0.18 5.7 8 <0.01 0.26 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW176_180307 1302_MW176 07-Mar-18 Off-Site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.09 0.13 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW176_170905 1302_MW176 05-Sep-17 Off-Site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 0.09 0.15 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW180_180307 1302_MW180 07-Mar-18 Off-Site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.11 <0.01 0.01 0.12 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW180_170906 1302_MW180 06-Sep-17 Off-Site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 0.03 0.09 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW185_171116 1302_MW185 16-Nov-17 Off-Site North Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.02 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW185_180115 1302_MW185 15-Jan-18 Off-Site North Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW185_170905 1302_MW185 05-Sep-17 Off-Site North Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 0.03 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW185_180322 1302_MW185 22-Mar-18 Off-Site North Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW191_171116 1302_MW191 16-Nov-17 DIA Coffey <0.05 0.04 0.16 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 1 0.06 2.9 3.9 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW191_180115 1302_MW191 15-Jan-18 DIA Coffey <0.05 0.04 0.16 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.82 0.04 2.2 3.02 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW191_180309 1302_MW191 08-Mar-18 DIA Coffey <0.05 0.02 0.11 0.02 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.63 0.03 1.8 2.43 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW191_170905 1302_MW191 05-Sep-17 DIA Coffey <0.05 0.03 0.14 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 1 0.03 1.8 2.8 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW193_171116 1302_MW193 16-Nov-17 DIA Coffey <0.05 0.04 0.21 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 1.4 0.07 2.9 4.3 <0.01 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW193_180115 1302_MW193 15-Jan-18 DIA Coffey <0.05 0.05 0.2 0.02 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 1.2 0.07 2.6 3.8 <0.01 0.18 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW193_180309 1302_MW193 08-Mar-18 DIA Coffey <0.05 <0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.23 0.01 0.71 0.94 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW193_170905 1302_MW193 05-Sep-17 DIA Coffey <0.05 0.05 0.23 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.6 0.06 2.5 4.1 <0.01 0.15 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW194_171116 1302_MW194 16-Nov-17 DIA Coffey <0.05 0.05 0.25 0.03 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.11 1.1 0.07 4.9 6 <0.01 0.11 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW194_180309 1302_MW194 08-Mar-18 DIA Coffey <0.05 0.03 0.19 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.81 0.06 3.1 3.91 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW194_170906 1302_MW194 06-Sep-17 DIA Coffey <0.05 0.05 0.24 0.04 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 1.1 0.08 3.8 4.9 <0.01 0.13 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW195_171116 1302_MW195 16-Nov-17 DIA Coffey <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.28 0.01 0.53 0.81 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW195_180115 1302_MW195 15-Jan-18 DIA Coffey <0.05 0.02 0.07 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 0.76 0.03 1.1 1.86 <0.01 0.11 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW195_180309 1302_MW195 08-Mar-18 DIA Coffey <0.05 <0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.32 0.02 0.86 1.18 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW195_170906 1302_MW195 06-Sep-17 DIA Coffey <0.05 0.01 0.06 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.47 0.02 0.76 1.23 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW197_180111 1302_MW197 11-Jan-18 Former Fire Training Ground 2 (NT0242) Coffey <0.05 0.08 0.39 0.05 0.11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 2.2 0.19 7.8 10 <0.01 0.23 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW197_180308 1302_MW197 08-Mar-18 Former Fire Training Ground 2 (NT0242) Coffey 0.05 0.12 0.53 0.06 0.15 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 3 0.23 7.8 10.8 <0.01 0.28 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW197_170907 1302_MW197 07-Sep-17 Former Fire Training Ground 2 (NT0242) Coffey 0.08 0.13 0.48 0.08 0.14 0.03 0.03 0.03 0.03 0.03 0.03 0.24 2.2 0.18 4.1 6.3 0.03 0.29 <0.05 <0.05 0.15 <0.05 <0.05 <0.05 <0.05 0.03 <0.05 0.03 0.02
1302_MW200_171117 1302_MW200 17-Nov-17 Off-Site South Coffey <0.05 0.02 0.11 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.84 0.04 1.5 2.34 <0.01 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW200_180115 1302_MW200 15-Jan-18 Off-Site South Coffey <0.05 0.02 0.1 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.75 0.04 1.3 2.05 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW200_180307 1302_MW200 07-Mar-18 Off-Site South Coffey <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.22 <0.01 0.4 0.62 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW200_170905 1302_MW200 05-Sep-17 Off-Site South Coffey <0.05 0.02 0.1 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.8 0.03 0.92 1.72 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW205_171113 1302_MW205 13-Nov-17 Fuel farm 6 (NT0207) Coffey <0.05 <0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.51 0.02 0.61 1.12 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW205_180112 1302_MW205 12-Jan-18 Fuel farm 6 (NT0207) Coffey <0.05 0.08 0.33 0.05 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.25 2.4 0.12 3.7 6.1 <0.01 0.35 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW205_180306 1302_MW205 06-Mar-18 Fuel farm 6 (NT0207) Coffey <0.05 0.06 0.27 0.04 0.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 1.2 0.12 3.7 4.9 <0.01 0.21 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW209_171117 1302_MW209 17-Nov-17 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.14 <0.01 0.22 0.36 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW209_180115 1302_MW209 15-Jan-18 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.1 <0.01 0.16 0.26 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW209_180307 1302_MW209 07-Mar-18 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 <0.01 0.15 0.24 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW210_171116 1302_MW210 16-Nov-17 Off-site West Coffey <0.05 0.03 0.12 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.91 0.08 3.4 4.31 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.28 <0.01 <0.05 <0.01 <0.01
1302_MW210_180115 1302_MW210 15-Jan-18 Off-site West Coffey <0.05 0.03 0.08 0.02 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.78 0.04 1.8 2.58 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW210_180308 1302_MW210 08-Mar-18 Off-site West Coffey <0.05 0.02 0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.42 0.02 1.1 1.52 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW211_171116 1302_MW211 16-Nov-17 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
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TABLE E1
RAAF Base Darwin 

PFAS Ongoing Management Plan
Historic Groundwater Analytical Results - PFAS

Department of Defence
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Irrigation3 5.65 0.75

Non-potable Domestic 0.566 0.076

Maintenance of Ecosystems - Freshwater 95%2 2204 0.134

Maintenance of Ecosystems - Freshwater 99%2 194 0.000234

Field ID Location Sample Date Area Source

PFAS

1302_MW211_180115 1302_MW211 15-Jan-18 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
1302_MW211_180308 1302_MW211 08-Mar-18 Off-site South Coffey <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01

1. ANZECC (2000) Australian Water Quality Guidelines for Fresh and Marine Waters (Marine – slightly to moderately modified ecosystems)
2. ANZECC (2000) Australian Water Quality Guidelines for Fresh and Marine Waters (Freshwater – slightly to moderately modified ecosystems)
3. ANZECC (2000) Australian Water Quality Guidelines for Fresh and Marine Waters (Long-term irrigation value)
4. DoEE (2016), Draft Australian Water Quality Guidelines for Fresh and Marine Waters (as presented in Draft Commonwealth environmental management guidance on Perfluorooctane sulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)).
5. NHMRC (2008) Guidelines for Managing Risks in Recreational. Adopted value is 10 times the Australian Drinking Water Guidelines (NHRMC, 2011), unless specified otherwise
6. DoH (2017) Health Based Guidance Values for PFAS, Department of Health
   Note: DoH (2017) guidelines do not provide specific PFAS criteira for evaluating risks to irrigation and non-potablele domestic groundwater uses. The drinking water guidelins have been adopted (as ammended) to evaluate water quality for these uses
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TABLE E2
RAAF Base Darwin 

Ongoing Monitoring Plan
Historic Surface Water Analytical Results - PFAS

Department of Defence
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Maintenance of Ecosystems - Freshwater 95%2 220 0.13

Maintenance of Ecosystems - Freshwater 99%2 193 0.000234

Recreation4 5.6 0.7

Zone Field ID Location Zone Sample Date
R2 RC2_SW001_04042017 1302_SW106 Rapid Creek 04-Apr-17 0.01 0.016 0.09 0.009 0.019 0.011 <0.005 <0.005 <0.005 <0.005 <0.005 0.031 0.37 0.019 0.68 1.05 <0.005 0.028 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.005 <0.01 <0.005 <0.005
R2 1302_SWRC07_170426 1302_SW106 Rapid Creek 26-Apr-17 <0.05 0.02 0.08 0.01 0.03 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.36 0.02 0.65 1.01 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SWRC07_20170629 1302_SW106 Rapid Creek 29-Jun-17 <0.05 0.02 0.06 <0.01 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.28 0.02 0.52 0.8 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_170726 1302_SW106 Rapid Creek 26-Jul-17 <0.05 0.01 0.05 <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.21 <0.01 0.35 0.56 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_170907 1302_SW106 Rapid Creek 07-Sep-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.05 0.09 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_171024 1302_SW106 Rapid Creek 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.14 0.18 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_171118 1302_SW106 Rapid Creek 18-Nov-17 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.12 <0.01 0.08 0.2 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_171205 1302_SW106 Rapid Creek 05-Dec-17 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.24 <0.01 0.37 0.61 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180109 1302_SW106 Rapid Creek 09-Jan-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.22 0.01 0.4 0.62 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180216 1302_SW106 Rapid Creek 16-Feb-18 <0.05 <0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.21 0.01 0.61 0.82 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180222 1302_SW106 Rapid Creek 22-Feb-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.25 <0.01 0.74 0.99 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180301 1302_SW106 Rapid Creek 01-Mar-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.2 0.01 0.54 0.74 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180308 1302_SW106 Rapid Creek 08-Mar-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.25 0.02 0.62 0.87 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180321 1302_SW106 Rapid Creek 21-Mar-18 <0.05 0.04 0.1 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.39 0.02 0.86 1.25 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW106_180329 1302_SW106 Rapid Creek 29-Mar-18 <0.05 0.01 0.06 <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.29 0.02 0.61 0.9 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 RC3_SW001_04042017 1302_SW108 Rapid Creek 04-Apr-17 0.01 0.015 0.079 0.009 0.019 0.011 <0.005 <0.005 <0.005 <0.005 <0.005 0.032 0.31 0.021 0.67 0.98 <0.005 0.029 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.005 <0.01 <0.005 <0.005
R2 1302_SWRC08_170426 1302_SW108 Rapid Creek 26-Apr-17 <0.05 0.02 0.07 0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.37 0.02 0.66 1.03 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SWRC08_20170629 1302_SW108 Rapid Creek 29-Jun-17 <0.05 0.02 0.06 <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.33 0.02 0.58 0.91 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_170726 1302_SW108 Rapid Creek 26-Jul-17 <0.05 0.02 0.06 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.31 0.02 0.57 0.88 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_170907 1302_SW108 Rapid Creek 07-Sep-17 <0.05 0.02 0.07 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.41 0.02 0.84 1.25 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_171024 1302_SW108 Rapid Creek 24-Oct-17 <0.05 0.02 0.09 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.38 0.02 0.89 1.27 <0.01 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_171114 1302_SW108 Rapid Creek 14-Nov-17 <0.05 <0.01 0.03 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.26 0.01 0.25 0.51 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_171205 1302_SW108 Rapid Creek 05-Dec-17 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.26 <0.01 0.42 0.68 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_180109 1302_SW108 Rapid Creek 09-Jan-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.25 0.01 0.49 0.74 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW108_180308 1302_SW108 Rapid Creek 08-Mar-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.25 0.02 0.59 0.84 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SWRC09_170426 1302_SW109 Rapid Creek 26-Apr-17 <0.05 0.02 0.08 0.01 0.03 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.38 0.02 0.78 1.16 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SWRC09_20170629 1302_SW109 Rapid Creek 29-Jun-17 <0.05 0.03 0.11 0.01 0.03 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.56 0.03 1.1 1.66 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_170726 1302_SW109 Rapid Creek 26-Jul-17 <0.05 0.02 0.08 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.46 0.02 0.84 1.3 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_170907 1302_SW109 Rapid Creek 07-Sep-17 <0.05 0.02 0.11 0.02 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.76 0.04 1.3 2.06 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_171024 1302_SW109 Rapid Creek 24-Oct-17 <0.05 0.06 0.2 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 0.88 0.04 1.6 2.48 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_171207 1302_SW109 Rapid Creek 07-Dec-17 <0.05 0.01 0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.35 0.02 0.63 0.98 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180109 1302_SW109 Rapid Creek 09-Jan-18 <0.05 <0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.29 0.01 0.59 0.88 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180215 1302_SW109 Rapid Creek 15-Feb-18 <0.05 <0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.15 <0.01 0.47 0.62 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180222 1302_SW109 Rapid Creek 22-Feb-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.25 <0.01 0.78 1.03 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180301 1302_SW109 Rapid Creek 01-Mar-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.19 0.01 0.54 0.73 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180308 1302_SW109 Rapid Creek 08-Mar-18 <0.05 0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.26 0.02 0.61 0.87 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180321 1302_SW109 Rapid Creek 21-Mar-18 <0.05 0.03 0.1 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.35 0.02 0.82 1.17 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2 1302_SW109_180329 1302_SW109 Rapid Creek 29-Mar-18 <0.05 0.01 0.06 <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.28 0.02 0.55 0.83 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SWRC12_170426 1302_SW112 Rapid Creek - lower 26-Apr-17 <0.05 <0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.17 0.01 0.26 0.43 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_170726 1302_SW112 Rapid Creek - lower 26-Jul-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.04 0.09 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_170907 1302_SW112 Rapid Creek - lower 07-Sep-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.08 0.11 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_171024 1302_SW112 Rapid Creek - lower 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.03 0.06 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_171116 1302_SW112 Rapid Creek - lower 16-Nov-17 <0.05 0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.22 <0.01 0.18 0.4 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_171205 1302_SW112 Rapid Creek - lower 05-Dec-17 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.07 0.14 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_171205 1302_SW112 Rapid Creek - lower 05-Dec-17 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.07 0.14 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_180109 1302_SW112 Rapid Creek - lower 09-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.08 0.13 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW112_180307 1302_SW112 Rapid Creek - lower 07-Mar-18 <0.05 0.01 0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.25 0.02 0.66 0.91 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SWRC13_170426 1302_SW113 Rapid Creek - lower 26-Apr-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_170726 1302_SW113 Rapid Creek - lower 26-Jul-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_170907 1302_SW113 Rapid Creek - lower 07-Sep-17 <0.005 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 0.027 0.032 <0.001 <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.001 <0.005 <0.001 <0.001
R3 1302_SW113_171024 1302_SW113 Rapid Creek - lower 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_171120 1302_SW113 Rapid Creek - lower 20-Nov-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.03 0.05 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_171205 1302_SW113 Rapid Creek - lower 05-Dec-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.05 0.08 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_180109 1302_SW113 Rapid Creek - lower 09-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.08 0.12 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R3 1302_SW113_180307 1302_SW113 Rapid Creek - lower 07-Mar-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.16 <0.01 0.38 0.54 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW114_171024 1302_SW114 DIA drain to Rapid Creek 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.04 0.05 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW114_171205 1302_SW114 DIA drain to Rapid Creek 05-Dec-17 <0.05 0.02 0.09 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.52 0.03 0.99 1.51 <0.01 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW114_180109 1302_SW114 DIA drain to Rapid Creek 09-Jan-18 <0.05 <0.01 0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.36 0.02 0.77 1.13 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW114_180308 1302_SW114 DIA drain to Rapid Creek 08-Mar-18 <0.05 0.08 0.39 0.04 0.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 1.7 0.11 4.3 6 <0.01 0.21 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Maintenance of Ecosystems - Freshwater 95%2 220 0.13

Maintenance of Ecosystems - Freshwater 99%2 193 0.000234

Recreation4 5.6 0.7

Zone Field ID Location Zone Sample Date

R2A 1302_SW001_20170629 1302_SW115 DIA drain to Rapid Creek 29-Jun-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.07 0.1 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW115_170726 1302_SW115 DIA drain to Rapid Creek 26-Jul-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW115_171205 1302_SW115 DIA drain to Rapid Creek 05-Dec-17 <0.05 0.05 0.21 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 1 0.06 2.2 3.2 <0.01 0.11 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW115_180109 1302_SW115 DIA drain to Rapid Creek 09-Jan-18 <0.05 0.05 0.25 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.4 0.08 3.3 4.7 <0.01 0.17 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW115_180308 1302_SW115 DIA drain to Rapid Creek 08-Mar-18 <0.05 0.04 0.16 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.12 1.1 0.07 2.7 3.8 <0.01 0.14 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SWLC02_20170629 1302_SW120 Ludmilla Creek 29-Jun-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_170726 1302_SW120 Ludmilla Creek 26-Jul-17 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.11 <0.01 0.22 0.33 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_170907 1302_SW120 Ludmilla Creek 07-Sep-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.14 0.18 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_171024 1302_SW120 Ludmilla Creek 24-Oct-17 <0.05 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.12 <0.01 0.21 0.33 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_171206 1302_SW120 Ludmilla Creek 06-Dec-17 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 0.2 0.28 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_180110 1302_SW120 Ludmilla Creek 10-Jan-18 <0.05 0.04 0.09 0.02 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.49 0.02 0.97 1.46 <0.01 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_180130 1302_SW120 Ludmilla Creek 30-Jan-18 <0.05 0.03 0.1 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.72 0.03 1.3 2.02 <0.01 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1 1302_SW120_180306 1302_SW120 Ludmilla Creek 06-Mar-18 <0.05 0.04 0.15 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.75 0.04 1.5 2.25 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SWLC05_170425 1302_SW124 Ludmilla Creek 25-Apr-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SWLC05_20170629 1302_SW124 Ludmilla Creek 29-Jun-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SW124_170726 1302_SW124 Ludmilla Creek 26-Jul-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SW124_170907 1302_SW124 Ludmilla Creek 07-Sep-17 <0.005 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.003 <0.001 <0.001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.001 <0.005 <0.001 <0.001
L2 1302_SW124_171024 1302_SW124 Ludmilla Creek 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SW124_171208 1302_SW124 Ludmilla Creek 08-Dec-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.04 0.05 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SW124_180130 1302_SW124 Ludmilla Creek 30-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 0.04 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L2 1302_SW124_180306 1302_SW124 Ludmilla Creek 06-Mar-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW167_170726 1302_SW125 Ludmilla Creek (Accessible Drain) 26-Jul-17 <0.05 0.08 0.28 0.04 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.14 1.5 0.09 4.4 5.9 <0.01 0.16 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_170907 1302_SW125 Ludmilla Creek (Accessible Drain) 07-Sep-17 <0.05 0.02 0.06 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.34 0.03 1.8 2.14 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW167_171024 1302_SW125 Ludmilla Creek (Accessible Drain) 24-Oct-17 <0.05 0.02 0.04 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.24 0.01 0.7 0.94 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 0.01 <0.01
L1A 1302_SW125_171206 1302_SW125 Ludmilla Creek (Accessible Drain) 06-Dec-17 <0.05 0.05 0.21 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.12 1.4 0.08 2.7 4.1 <0.01 0.17 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180110 1302_SW125 Ludmilla Creek (Accessible Drain) 10-Jan-18 <0.05 0.07 0.26 0.04 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1.6 0.09 3.8 5.4 <0.01 0.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180216 1302_SW125 Ludmilla Creek (Accessible Drain) 16-Feb-18 <0.05 0.09 0.33 0.05 0.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.18 1.6 0.09 4.3 5.9 <0.01 0.16 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180222 1302_SW125 Ludmilla Creek (Accessible Drain) 22-Feb-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.2 <0.01 0.43 0.63 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180301 1302_SW125 Ludmilla Creek (Accessible Drain) 01-Mar-18 0.06 0.12 0.55 0.07 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.29 2.3 0.13 5.1 7.4 <0.01 0.32 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180307 1302_SW125 Ludmilla Creek (Accessible Drain) 07-Mar-18 0.09 0.19 0.82 0.11 0.19 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.38 3.6 0.23 6.6 10.2 <0.01 0.45 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180321 1302_SW125 Ludmilla Creek (Accessible Drain) 21-Mar-18 0.06 0.14 0.49 0.07 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.24 2.2 0.13 5.2 7.4 <0.01 0.39 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180329 1302_SW125 Ludmilla Creek (Accessible Drain) 29-Mar-18 <0.05 0.12 0.47 0.06 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.2 2.3 0.12 3.9 6.2 <0.01 0.23 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1A 1302_SW125_180412 1302_SW125 Ludmilla Creek (Accessible Drain) 12-Apr-18 0.06 0.1 0.45 0.07 0.11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.2 2.9 0.19 4 6.9 <0.01 0.28 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SWRCC02_170426 1302_SW132 Reichardt Creek East 26-Apr-17 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.14 <0.01 0.25 0.39 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SWRCC02_20170629 1302_SW132 Reichardt Creek East 29-Jun-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.06 0.09 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW132_170726 1302_SW132 Reichardt Creek East 26-Jul-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.05 0.08 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW132_171024 1302_SW132 Reichardt Creek East 24-Oct-17 <0.05 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW132_171208 1302_SW132 Reichardt Creek East 08-Dec-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.06 0.08 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW132_180110 1302_SW132 Reichardt Creek East 10-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.06 0.09 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW132_180307 1302_SW132 Reichardt Creek East 07-Mar-18 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 0.2 0.28 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SWRCC01_170426 1302_SW133 Reichardt Creek 26-Apr-17 <0.05 0.08 0.05 0.03 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.08 0.15 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SWRCC01_20170629 1302_SW133 Reichardt Creek 29-Jun-17 <0.05 0.03 0.03 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.12 <0.01 0.22 0.34 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_170726 1302_SW133 Reichardt Creek 26-Jul-17 <0.05 0.03 0.04 0.01 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.13 <0.01 0.13 0.26 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_170907 1302_SW133 Reichardt Creek 07-Sep-17 <0.05 0.02 0.02 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.12 0.19 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_171024 1302_SW133 Reichardt Creek 24-Oct-17 <0.05 0.05 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.07 0.12 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_171208 1302_SW133 Reichardt Creek 08-Dec-17 <0.05 0.08 0.05 0.03 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.11 <0.01 0.13 0.24 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_180111 1302_SW133 Reichardt Creek 11-Jan-18 <0.05 0.13 0.07 0.04 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 <0.01 0.11 0.21 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
Re1 1302_SW133_180307 1302_SW133 Reichardt Creek 07-Mar-18 <0.05 0.07 0.04 0.03 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 0.09 0.15 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_170726 1302_SW143 Drain to Sadgrove Creek 26-Jul-17 <0.05 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.05 0.07 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_170907 1302_SW143 Drain to Sadgrove Creek 08-Sep-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.001 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_171024 1302_SW143 Drain to Sadgrove Creek 24-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_171117 1302_SW143 Drain to Sadgrove Creek 17-Nov-17 <0.05 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.02 0.04 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_171208 1302_SW143 Drain to Sadgrove Creek 08-Dec-17 <0.05 0.04 0.02 <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.11 0.14 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180111 1302_SW143 Drain to Sadgrove Creek 11-Jan-18 <0.05 0.05 0.03 0.02 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.11 0.16 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180216 1302_SW143 Drain to Sadgrove Creek 16-Feb-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.1 0.15 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180222 1302_SW143 Drain to Sadgrove Creek 22-Feb-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180301 1302_SW143 Drain to Sadgrove Creek 01-Mar-18 <0.05 0.02 0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 0.08 0.11 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180307 1302_SW143 Drain to Sadgrove Creek 07-Mar-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.07 0.11 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1A 1302_SW143_180321 1302_SW143 Drain to Sadgrove Creek 21-Mar-18 <0.05 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.07 0.11 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
LOR 0.005 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.001
Maintenance of Ecosystems - Freshwater 95%2 220 0.13

Maintenance of Ecosystems - Freshwater 99%2 193 0.000234

Recreation4 5.6 0.7

Zone Field ID Location Zone Sample Date

S1A 1302_SW143_180329 1302_SW143 Drain to Sadgrove Creek 29-Mar-18 0.06 0.14 0.52 0.07 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.22 2.6 0.13 4.1 6.7 <0.01 0.25 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2B 1302_SW156_180129 1302_SW156 On Base 29-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2B 1302_SW156_180314 1302_SW156 On Base 14-Mar-18 <0.05 0.01 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.34 0.01 0.38 0.72 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1B 1302_SW160_180129 1302_SW160 On Base 29-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 0.07 0.12 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
L1B 1302_SW160_180305 1302_SW160 On Base 05-Mar-18 <0.05 0.05 0.21 0.03 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.73 0.06 2.6 3.33 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_171025 1302_SW162 On Base 25-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_180108 1302_SW162 On Base 08-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.05 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_180215 1302_SW162 On Base 15-Feb-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_180222 1302_SW162 On Base 22-Feb-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.2 <0.01 0.47 0.67 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_180301 1302_SW162 On Base 01-Mar-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
S1B 1302_SW162_180305 1302_SW162 On Base 05-Mar-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW002_20170629 1302_SW168 DIA drain to Rapid Creek 29-Jun-17 <0.05 0.03 0.14 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 1 0.04 1.6 2.6 <0.01 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_170726 1302_SW168 DIA drain to Rapid Creek 26-Jul-17 <0.05 0.06 0.18 0.03 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 0.86 0.05 1.5 2.36 <0.01 0.12 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_171024 1302_SW168 DIA drain to Rapid Creek 24-Oct-17 0.06 0.09 0.22 0.04 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.66 0.03 1.5 2.16 <0.01 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_171207 1302_SW168 DIA drain to Rapid Creek 07-Dec-17 <0.05 0.03 0.12 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.83 0.05 1.7 2.53 <0.01 0.13 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180109 1302_SW168 DIA drain to Rapid Creek 09-Jan-18 <0.05 0.03 0.13 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 0.6 0.03 1.3 1.9 <0.01 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180215 1302_SW168 DIA drain to Rapid Creek 15-Feb-18 <0.05 0.05 0.16 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 0.62 0.03 1.5 2.12 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180222 1302_SW168 DIA drain to Rapid Creek 22-Feb-18 <0.05 0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.24 0.01 1 1.24 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180301 1302_SW168 DIA drain to Rapid Creek 01-Mar-18 <0.05 0.04 0.15 0.03 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.55 0.03 1.3 1.85 <0.01 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180308 1302_SW168 DIA drain to Rapid Creek 08-Mar-18 <0.05 0.03 0.12 0.03 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.43 0.03 0.93 1.36 <0.01 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180321 1302_SW168 DIA drain to Rapid Creek 21-Mar-18 <0.05 0.03 0.1 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.35 0.02 0.82 1.17 <0.01 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R2A 1302_SW168_180329 1302_SW168 DIA drain to Rapid Creek 29-Mar-18 <0.05 0.02 0.09 0.02 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.41 0.02 0.7 1.11 <0.01 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_171025 1302_SW170 On Base 25-Oct-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.48 0.52 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 0.07 0.01 <0.01
R1B 1302_SW170_171204 1302_SW170 On Base 04-Dec-17 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.16 0.18 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180108 1302_SW170 On Base 08-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.23 0.25 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180215 1302_SW170 On Base 15-Feb-18 <0.05 0.05 0.21 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.11 1.1 0.07 3.6 4.7 <0.01 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180222 1302_SW170 On Base 22-Feb-18 <0.05 0.01 0.04 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.22 0.01 1.3 1.52 <0.01 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180301 1302_SW170 On Base 01-Mar-18 <0.05 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.09 <0.01 0.4 0.49 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180305 1302_SW170 On Base 05-Mar-18 <0.05 0.02 0.07 0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.38 0.02 1.6 1.98 <0.01 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180321 1302_SW170 On Base 21-Mar-18 <0.05 0.02 0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.28 0.02 1.3 1.58 <0.01 0.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW170_180329 1302_SW170 On Base 29-Mar-18 <0.05 <0.01 0.03 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.17 0.01 0.9 1.07 <0.01 0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW178_180305 1302_SW178 On Base FF5 05-Mar-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW181_180129 1302_SW181 On Base 29-Jan-18 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01
R1B 1302_SW181_180312 1302_SW181 On Base 12-Mar-18 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.57 0.64 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.01 <0.01

1. ANZECC (2000) Australian Water Quality Guidelines for Fresh and Marine Waters (Freshwater – slightly to moderately modified ecosystems)
2. ANZECC, Draft Australian Water Quality Guidelines for Fresh and Marine Waters (as presented in Draft Commonwealth environmental management guidance on Perfluorooctane sulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)).
3. NHMRC (2008) Guidelines for Managing Risks in Recreational Waters. Adopted value is 10 times the Australian Drinking Water Guidelines (NHRMC, 2011), unless specified otherwise

Zones
L1 – Upper reach of Ludmilla Creek, predominantly freshwater fed
L2 – Estuarine portion of Ludmilla Creek. Dick Ward Drive to Creek mouth
R1 – ephemeral portion of Rapid Creek, to weir.
R2 – Freshwater section of Rapid Creek. Weir to Trower Road.
R3 – Estuarine portion of Rapid Creek. Trower Road to mouth.
Sad1 – Sadgroves Creek
Rei1 – Reichardt Creek
A – indicates drain that directly feeds into creek section
B – indicates drain that indirectly feeds to creek
C – indicates that the connection is not obvious, but water from this drain may feed to the creek section
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APPENDIX G Recommendations analysis 

Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of surface water migration from former Fire Training Area 1.   

   Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in 
soil by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil Capping of soils 
Divert drains and treat 

water 

Minor Drain 
modifications and 

Passive inline drain 
treatment 

Dietary advisories to 
restrict fish consumption 

  ID R1.6 R1.7 R1.8 R1.3 R1.6 R1.4 R1.2 
1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 3 Cat 2 Cat 3 Cat 4 
2 Effectiveness rating Medium High High Medium Low Low Low 
3 Implementation period / timeframe Short Medium Medium Short Long Medium Long 

4 

Potential impacts 

+ Reduces mobility 
- Long term management 

+ Reduces mobility 
- Long term monitoring 

+ Destroys contaminant 
- High energy input 

+ Reduces mobility 
- Ongoing monitoring 
and developmental 

restrictions 
+ local reduction 

- no material improvement 

+ Inline treatment and 
reduction of mass loading 

+Local reduction 
- Used GAC to be 

managed 
- Earthworks required for 

drain modification and 
potential for flooding 

- No material improvement 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Moderate Moderate Marginal Low Marginal Negative 
6 Proportion of action to risk Proportionate Proportionate Proportionate Proportionate Disproportionate - High Disproportionate Low Disproportionate Low 
7 Best-practice status Good Practice Best Practice Best Practice Good Practice Partial Best Practice Partial Best Practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate effort Moderate Effort Minimal Effort N/A 
10 Risks and mitigation Requiring monitoring Requiring monitoring manageable manageable manageable manageable High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Minimal Requires coordination Minimal Negligible 
13 Project fit Moderate Good Good Good in combination Good in combination Moderate Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth Commonwealth Commonwealth NT DENR NT Government 

16 
Owner / occupier consents and 
views Generally negative Manageable Requires coordination Manageable Requires coordination Defence Requires coordination 

17 Community Neutral Generally positive Generally positive Mixed Neutral Neutral Negative in isolation 
  Comments  10: Long term performance 

uncertain 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point 
controls required in 
short-medium term 
13: Established 
technology, large site 
16: Siting negotiations 

6: Proportionate when 
long term management 
considered 
9: High energy, 
equipment custom built, 
regulatory approvals 
10: High temperature 
unit, waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation 
trial 

2: Reduction in 
contaminated run off, 
leaching to groundwater 
and direct contact risks. 
4: Capping layer will 
need to be monitored 
long term with long term 
performance uncertain.  
7: Not considered best 
practice in isolation. 
Suitable option to 
minimise risks until 
source removal option is 
completed.  
13. Good fit for specific 
risk but requires 
duplicated effort once 
source removal 
implemented. 

6: Not proportionate due to 
localised treatment plant set 
up 
10: Drainage design required 
to avoid flooding risk 

2. Effectiveness to be 
tested. In isolation not a 
suitable option 
4. Spent GAC to be 
managed. Restrictions on 
flow may result in flooding 
of areas 
8. In line treatment will 
need design and 
verification. 
10. Long term 
performance unknown 
(GAC replacement cost 
and management of spent 
GAC considerations). 
11. May require 
implementation across 
multiple locations 
depending on drain points.  

7: Part of a best practice 
solution if implemented with 
source removal or pathway 
interception options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of groundwater migration from Former Fuel Farm 5 

    Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in soil 

by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil 
Ex-situ treatment of 

groundwater 
Hydraulic containment 

downgradient of source area 
Dietary advisories to restrict 

fish consumption 
  ID R2.5 R2.6 R2.7 R2.4 R2.3 R2.2 

1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Medium Low Low Low Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Medium to Long Long 

4 
Potential impacts + Reduces mobility 

- Long term management 
+ Reduces mobility 

- Long term monitoring 
+ Destroys contaminant 

- High energy input 
+ Mass removal,  

- Waste 
+ Mass removal,  

- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Low Low  Low Marginal Negative Negative 
6 Proportion of action to risk Proportionate Disproportionate - High Disproportionate - High Disproportionate - High Disproportionate - High Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Not best practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort N/A 

10 Risks and mitigation Requiring monitoring Requiring monitoring Manageable Manageable Unlikely to succeed High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Minimal Minimal Negligible 
13 Project fit Moderate Good Good Moderate Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR NT DENR NT Government 
16 Owner / occupier consents and views Generally negative Manageable Requires coordination Defence Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed Neutral Negative in isolation 
  Comments  6: Disproportionate due to low 

contribution to risk from this 
area 
10: Long term performance 
uncertain 

6: Disproportionate due 
to low contribution to 
risk from this area 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point controls 
required in short-medium 
term 
13: Established 
technology, large site 
16: Siting negotiations 

6: Disproportionate due to 
low contribution to risk 
from this area 
9: High energy, equipment 
custom built, regulatory 
approvals 
10: High temperature unit, 
waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation trial 

2: Also requires receptor 
controls 
6. Multiple drains in the 
area, and adjacent to 
operational part of the base 
will require to be sealed and 
surface water managed  
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor 
controls  

2: Unlikely to intercept and treat 
sufficient volume. Also requires 
receptor controls 
7: Not "best practice" due to high 
volumes for interception 
9: Need for Approvals, Equipment 
purpose built, moderate energy 
use. 
11: Access to power, application of 
receptor controls  

7: Part of a best practice 
solution if implemented with 
source removal or pathway 
interception options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of groundwater migration from Former Fuel Farm 5 

    Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in soil 

by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil 
Ex-situ treatment of 

groundwater 
Hydraulic containment 

downgradient of source area 
Dietary advisories to restrict 

fish consumption 
  ID R2.5 R2.6 R2.7 R2.4 R2.3 R2.2 

1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Medium Low Low Low Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Medium to Long Long 

4 
Potential impacts + Reduces mobility 

- Long term management 
+ Reduces mobility 

- Long term monitoring 
+ Destroys contaminant 

- High energy input 
+ Mass removal,  

- Waste 
+ Mass removal,  

- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Low Low  Low Marginal Negative Negative 
6 Proportion of action to risk Proportionate Disproportionate - High Disproportionate - High Disproportionate - High Disproportionate - High Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Not best practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort N/A 

10 Risks and mitigation Requiring monitoring Requiring monitoring Manageable Manageable Unlikely to succeed High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Minimal Minimal Negligible 
13 Project fit Moderate Good Good Moderate Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR NT DENR NT Government 
16 Owner / occupier consents and views Generally negative Manageable Requires coordination Defence Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed Neutral Negative in isolation 
  Comments  6: Disproportionate due to low 

contribution to risk from this 
area 
10: Long term performance 
uncertain 

6: Disproportionate due 
to low contribution to 
risk from this area 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point controls 
required in short-medium 
term 
13: Established 
technology, large site 
16: Siting negotiations 

6: Disproportionate due to 
low contribution to risk 
from this area 
9: High energy, equipment 
custom built, regulatory 
approvals 
10: High temperature unit, 
waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation trial 

2: Requires receptor controls 
6. Multiple drains in the 
area, and adjacent to 
operational part of the base 
will require to be sealed and 
surface water managed  
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor 
controls  

2: Unlikely to intercept and treat 
sufficient volume. Requires 
receptor controls 
7: Not "best practice" due to high 
volumes for interception 
9: Need for Approvals, Equipment 
purpose built, moderate energy 
use. 
11: Access to power, application of 
receptor controls  

7: Part of a best practice 
solution if implemented with 
source removal or pathway 
interception options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of groundwater migration from former Fuel Farms 4 & 6. 

   Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in 
soil by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil 
Ex situ treatment of 

groundwater 
Hydraulic containment 

downgradient of source area 
Dietary advisories to restrict 

fish consumption 
  ID R2.5 R2.6 R2.7 R2.4 R2.3 R2.2 

1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Medium High High Medium Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Medium to Long Long 

4 

Potential impacts 
+ Reduces mobility 

- Long term management 
+ Reduces mobility 

- Long term monitoring 

+ Destroys contaminant 
- High energy input 

- Limitation with existing 
infrastructure 

+ Mass removal,  
- Waste 

+ Mass removal,  
- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Moderate Moderate Marginal Negative Negative 
6 Proportion of action to risk Proportionate Proportionate Disproportionate - High Proportionate Proportionate Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Not best practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort N/A 

10 Risks and mitigation Requiring monitoring Requiring monitoring Manageable Manageable Unlikely to succeed High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Minimal Minimal Negligible 
13 Project fit Moderate Good Good Moderate Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR NT DENR NT Government 
16 Owner / occupier consents and views Generally negative Manageable Requires coordination Defence Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed Neutral Negative in isolation 

  Comments  6: Proportionate when long 
term management 
considered. 
10: Long term performance 
uncertain 

6: Proportionate due to 
area being vacant and 
source area accessible 
for treatment 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point controls 
required in short-medium 
term 
13: Established 
technology, large site 
16: Siting negotiations 

6: Proportionate due to 
area being vacant and 
source area accessible for 
treatment 
9: High energy, equipment 
custom built, regulatory 
approvals 
10: High temperature unit, 
waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation trial 

2: Requires receptor controls 
 
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor 
controls  

2: Unlikely to intercept and treat 
sufficient volume. Requires 
receptor controls, however 
noting a combined treatment 
plant for both areas could 
provide benefit  
7: Not "best practice" due to high 
volumes for interception 
9: Need for Approvals, Equipment 
purpose built, moderate energy 
use. 
11: Access to power, application of 
receptor controls  

7: Part of a best practice 
solution if implemented with 
source removal or pathway 
interception options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of groundwater migration from former ARFF Station 

    Source Management Pathway Interception Administrative Controls 

    

Immobilisation of PFAS 
in soil by adsorbent 

mixing 

Excavation and 
onsite 

containment of 
soil in purpose-

built cell 

Excavation and 
thermal treatment 

of soil 
Ex situ treatment of 

groundwater 

Hydraulic containment 
downgradient of source 

area 

Dietary advisories to 
restrict fish 

consumption 
  ID R2.5 R2.6 R2.7 R2.4 R2.3 R2.2 

1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Low Low Low Low Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Medium to Long Long 

4 

Potential impacts 

+ Reduces mobility 
- Long term management 

+ Reduces mobility 
- Long term 
monitoring 

+ Destroys 
contaminant 

- High energy input 
- Limitation with 

existing 
infrastructure 

+ Mass removal,  
- Waste 

+ Mass removal,  
- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Moderate Moderate Marginal Negative Negative 

6 Proportion of action to risk Disproportionate Low 
Disproportionate 

Low 
Disproportionate 

Low Moderate Disproportionate Low Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Not best practice Partial Best Practice 

8 Verification status Proven short term 
Proven med-long 

term Trialled Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort N/A 

10 Risks and mitigation Low Low Low Manageable Unlikely to succeed High reputational risk 
11 Key Dependencies Defence Defence Defence Limited Limited Stakeholder driven 

12 Defence capability Requires coordination 
Requires 

coordination 
Requires 

coordination Moderate Minimal Negligible 
13 Project fit Moderate Moderate Moderate Moderate Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR NT DENR NT Government 

16 Owner / occupier consents and views Generally negative Manageable 
Requires 

coordination Defence Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed Neutral Negative in isolation 

  Comments  2: Effectiveness low due to 
limitations associated with 
existing infrastructure 
6: Disproportionate due to 
access limitations 
10: Long term performance 
uncertain 

2: Effectiveness low 
due to limitations 
associated with 
existing infrastructure 
6: Disproportionate 
due to access 
limitations 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point 
controls required in 
short-medium term 
13: Established 
technology, large site 
16: Siting negotiations 

2: Effectiveness low 
due to limitations 
associated with 
existing infrastructure 
6: Disproportionate 
due to access 
limitations 
9: High energy, 
equipment custom built, 
regulatory approvals 
10: High temperature 
unit, waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation 
trial 

2: Requires receptor controls 
 
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor controls  

2: Unlikely to intercept and treat 
sufficient volume. Requires 
receptor controls, however 
noting a combined treatment 
plant for both areas could 
provide benefit  
7: Not "best practice" due to high 
volumes for interception 
9: Need for Approvals, Equipment 
purpose built, moderate energy 
use. 
11: Access to power, application of 
receptor controls  

7: Part of a best practice solution 
if implemented with source 
removal or pathway interception 
options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Ludmilla Creek, as a result of groundwater migration from Hangar 31 and Former Fuel Farm 1. 

    Source Management Pathway Interception Administrative Controls 

    

Immobilisation of PFAS 
in soil by adsorbent 

mixing 

Excavation and 
onsite 

containment of 
soil in purpose-

built cell 

Excavation and 
thermal treatment 

of soil 
Ex-situ treatment of 

groundwater 
Divert drains and treat 

water 

Hydraulic containment 
downgradient of source 

area 
Dietary advisories to 

restrict fish consumption 
  ID R3.7 R3.8 R3.9 R3.6 R3.3 R3.5 R3.2 
1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Low Low Low Medium Medium Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Long Medium to Long Long 

4 

Potential impacts 
+ Reduces mobility 

- only applies to unsealed 
area with remaining 

source left in place due 
to infrastructure 

- Long-term management 

+ Reduces mobility 
- only applies to 

unsealed area with 
remaining source 
left in place due to 

infrastructure 
- Long-term 
monitoring 

+ Destroys 
contaminant 

- only applies to 
unsealed area 
with remaining 
source left in 
place due to 

infrastructure 
- High energy input 

+ Mass removal,  
- Waste 

+ local reduction 
- no material improvement 

+ Mass removal,  
- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Low Low Low Medium Medium Negative 

6 Proportion of action to risk Disproportionate High 
Disproportionate 

High 
Disproportionate 

High Moderate Proportionate Disproportionate high Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Partial Best Practice Not best practice Partial Best Practice 

8 Verification status Proven short term 
Proven med-long 

term Trialled Proven Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort Moderate Effort N/A 

10 Risks and mitigation Requiring monitoring 
Requiring 
monitoring manageable Manageable manageable Unlikely to succeed High reputational risk 

11 Key Dependencies Limited Limited Moderate Limited Limited Moderate Stakeholder driven 
12 Defence capability Minimal manageable manageable Moderate Requires coordination Requires coordination Negligible 
13 Project fit Moderate Moderate Moderate Moderate Good in combination Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR Commonwealth NT DENR NT Government 

16 Owner / occupier consents and views Generally negative manageable 
Requires 

coordination Defence Requires coordination Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed generally positive Neutral Negative in isolation 

  Comments  2: Effectiveness low due to 
limitations associated with 
existing infrastructure, and 
mass of PFAS beyond source 
area 
10: Long term performance 
uncertain 

2: Effectiveness low 
due to limitations 
associated with 
existing infrastructure, 
and mass of PFAS 
beyond source area 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point 
controls required in 
short-medium term 
13: Established 
technology, large site 
16: Siting negotiations 

2: Effectiveness low 
due to limitations 
associated with 
existing infrastructure, 
and mass of PFAS 
beyond source area 
6: Disproportionate due 
to limited access and 
level of effort 
9: High energy, 
equipment custom built, 
regulatory approvals 
10: High temperature 
unit, waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation 
trial 

2: Requires receptor controls 
With logistical constraints 
good option in combination 
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor controls  

6: Not proportionate due to 
localised treatment plant set up 
10: Drainage design required to 
avoid flooding risk 

2: Long discharge face to 
intercept. Requires receptor 
controls,  
7: Not "best practice" due to 
large area for interception 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, application 
of receptor controls  

7: Part of a best practice solution if 
implemented with source removal 
or pathway interception options 
8: In progress as an interim 
response 
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Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of surface water migration from current Fire Training Area  

   Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in 
soil by adsorbent mixing 

Excavation and 
onsite containment 
of soil in purpose-

built cell 

Excavation and 
thermal treatment of 

soil Capping of soils - In situ 
Divert drains and treat 

water 

Minor Drain modifications 
and Passive inline drain 

treatment 

Dietary advisories to 
restrict fish 

consumption 
  ID R1.6 R1.7 R1.8 R1.3 R1.6 R1.4 R1.2 
1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 3 Cat 2 Cat 3 Cat 4 
2 Effectiveness rating Medium Medium Medium Medium Medium Low Low 
3 Implementation period / timeframe Short Medium Medium Short Long Medium Long 

4 

Potential impacts + Reduces mobility 
- only applies to unsealed 

area with remaining source 
left in place due to 

infrastructure 
- Long term management 

+ Reduces mobility 
- only applies to 

unsealed area with 
remaining source left 

in place due to 
infrastructure 

- Long term monitoring 

+ Destroys 
contaminant 

- High energy input 

+ Reduces mobility 
- only applies to unsealed 

area with remaining 
source left in place due to 

infrastructure 
- Ongoing monitoring and 
developmental restrictions 

+ local reduction 
- no material improvement 

+ Inline treatment and 
reduction of mass loading 

+Local reduction 
- Used GAC to be managed 

- Earthworks required for drain 
modification and potential for 

flooding 
- No material improvement 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Moderate Moderate Marginal Low Marginal Negative 
6 Proportion of action to risk Disproportionate Low Disproportionate Low Disproportionate Low Proportionate Disproportionate - High Disproportionate Low Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Partial Best Practice Partial best practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate effort Moderate Effort Minimal Effort N/A 

10 Risks and mitigation Requiring monitoring Requiring monitoring manageable manageable manageable manageable High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Minimal Requires coordination Minimal Negligible 
13 Project fit Moderate Moderate Moderate Good in combination Moderate Good in combination Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth Commonwealth Commonwealth NT DENR NT Government 
16 Owner / occupier consents and views Generally negative Manageable Requires coordination Manageable Requires coordination Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed generally positive Neutral Negative in isolation 

  Comments  2: Limitations in 
excavation areas due to 
existing infrastructure 
10: Long term performance 
uncertain 

2: Limitations in 
excavation areas due 
to existing 
infrastructure 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point 
controls required in 
short-medium term 
13: Established 
technology, large site 
16: Siting negotiations 

2: Limitations in 
excavation areas due 
to existing 
infrastructure 
6: Disproportionate 
due to limited access 
and level of effort 
9: High energy, 
equipment custom 
built, regulatory 
approvals 
10: High temperature 
unit, waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation 
trial 

2: Capping can only be 
applied to unsealed areas 
with remaining source 
areas left in place due to 
access restrictions 
4: Capping layer will need to 
be monitored long term with 
long term performance 
uncertain.  
7: Not considered best 
practice in isolation. Suitable 
option to minimise risks until 
source removal option is 
completed.  
13. Good fit for specific risk 
but requires duplicated effort 
once source removal 
implemented. 

6: Not proportionate due to 
localised treatment plant 
set up 
10: Drainage design 
required to avoid flooding 
risk 

2. Effectiveness to be tested 
(uncertain). In isolation, not a 
suitable option 
4. Spent GAC to be managed. 
Restrictions on flow may result 
in flooding of areas 
8. While GAC has been used 
to treat, in line treatment will 
need design and verification. 
10. Long term performance 
unknown (GAC replacement 
cost and management of 
spent GAC may outweigh 
benefits. 
11. May require 
implementation across 
multiple locations depending 
on drain points.  

7: Part of a best practice 
solution if implemented 
with source removal or 
pathway interception 
options 
8: In progress as an 
interim response 
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 Human and ecological exposure to PFAS in waters and biota in Rapid Creek, as a result of groundwater migration from current Fire Training Area 

    Source Management Pathway Interception Administrative Controls 

    
Immobilisation of PFAS in soil 

by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil 
Ex-situ treatment of 

groundwater 
Hydraulic containment 

downgradient of source area 
Dietary advisories to restrict 

fish consumption 
  ID R2.5 R2.6 R2.7 R2.4 R2.3 R2.2 
1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 2 Cat 2 Cat 4 
2 Effectiveness rating Medium Medium Medium Low Low Low 
3 Implementation period / timeframe Short Medium Medium Medium to Long Medium to Long Long 

4 

Potential impacts 
+ Reduces mobility 

- only applies to unsealed 
area with remaining source 

left in place due to 
infrastructure 

- Long term management 

+ Reduces mobility 
- only applies to unsealed 

area with remaining source 
left in place due to 

infrastructure 
- Long term monitoring 

+ Destroys contaminant 
- High energy input 

+ Mass removal,  
- Waste 

+ Mass removal,  
- Waste 

+ Reduced intake 
- No environmental 

improvement 
5 Estimated net environmental benefit Moderate Moderate Moderate Marginal Negative Negative 
6 Proportion of action to risk Disproportionate Low Disproportionate Low Disproportionate Low Moderate Disproportionate Low Disproportionate Low 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice Not best practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven Proven In progress 
9 Technology assessment Moderate Effort Moderate Effort High effort Moderate Effort Moderate Effort N/A 
10 Risks and mitigation Requiring monitoring Requiring monitoring manageable Manageable Unlikely to succeed High reputational risk 
11 Key Dependencies Limited Limited Moderate Limited Limited Stakeholder driven 
12 Defence capability Minimal Manageable Manageable Moderate Minimal Negligible 
13 Project fit Moderate Moderate Moderate Moderate Poor Good in combination 
14 Scalability Scalable Scalable Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth NT DENR NT DENR NT Government 
16 Owner / occupier consents and views Generally negative Manageable Requires coordination Defence Defence Requires coordination 
17 Community Neutral Mixed Generally positive Mixed Neutral Negative in isolation 

  Comments  2: Effectiveness low due to 
limitations associated with 
existing infrastructure 
10: Long term performance 
uncertain 

2: Effectiveness low due to 
limitations associated with 
existing infrastructure 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point controls 
required in short-medium 
term 
13: Established technology, 
large site 
16: Siting negotiations 

2: Effectiveness low due 
to limitations associated 
with existing 
infrastructure 
6: Disproportionate due to 
limited access and level of 
effort 
9: High energy, equipment 
custom built, regulatory 
approvals 
10: High temperature unit, 
waste salts 
11: Availability of fuel, 
hazard assessment, 
treatment optimisation trial 

2: Requires receptor controls 
 
7: Not "best practice" in 
isolation, but part of an 
integrated approach 
9: Need for Approvals, 
Equipment purpose built, 
moderate energy use. 
11: Access to power, 
application of receptor 
controls  

2: Unlikely to intercept and 
treat sufficient volume.  
7: Not "best practice" due to high 
volumes for interception 
9: Need for Approvals, Equipment 
purpose built, moderate energy 
use. 
11: Access to power, application 
of receptor controls  

7: Part of a best practice 
solution if implemented with 
source removal or pathway 
interception options 
8: In progress as an interim 
response 
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Direct Contact with soils presenting an exposure risk to terrestrial ecology in the former Fire Training Area 1, Former Fuel 
Farm 4 & 6, Hangar 31, Former Fuel Farm 1, Current Fire Training Area and Former Fire Training Area 2. 

   Source Control Pathway Interception 

   
Immobilisation of PFAS in soil 

by adsorbent mixing 

Excavation and onsite 
containment of soil in 

purpose-built cell 
Excavation and thermal 

treatment of soil Cap soils 

 ID R1.4 R1.5 R1.6 R3.2 
1 Cost range estimate Cat 2 Cat 2 Cat 2 Cat 3 
2 Effectiveness rating Medium High High High 

3 
Implementation period / 
timeframe Short Medium Medium Short 

4 
Potential impacts + Reduces mobility 

- Long term management 
+ Reduces mobility 

- Long term monitoring 
+ Destroys contaminant 

- High energy input 
+ reduce exposure 

- long term management 

5 
Estimated net 
environmental benefit Moderate Moderate Moderate Marginal 

6 Proportion of action to risk Disproportionate High Disproportionate High Disproportionate High Marginal 
7 Best-practice status Good Practice Best Practice Good Practice Partial Best Practice 
8 Verification status Proven short term Proven med-long term Trialled Proven 
9 Technology assessment Moderate Effort Moderate Effort High effort Low effort 
10 Risks and mitigation Requiring monitoring Requiring monitoring Manageable Manageable 
11 Key Dependencies Limited Limited Moderate Limited 
12 Defence capability Manageable Manageable Manageable Requires coordination 
13 Project fit Moderate Good Moderate Good 
14 Scalability Scalable Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth Commonwealth 

16 
Owner / occupier consents 
and views Generally negative Manageable Requires coordination Requires coordination 

17 Community Neutral Mixed Generally positive generally positive  
Comments  6: Disproportionate based on 

limited habitat value 
10: Long term performance 
uncertain 

6: Disproportionate based on 
limited habitat value 
9: Planning and design 
critical and ongoing 
maintenance 
10: Very long-term 
performance (>100yrs) 
uncertain 
11: Exposure point controls 
required in short-medium 
term 
13: Established technology, 
large site 

6: Disproportionate based on 
limited habitat value 
9: High energy, equipment 
custom built, regulatory 
approvals 
10: High temperature unit, 
waste salts 
11: Availability of fuel, hazard 
assessment, treatment 
optimisation trial 
13. Project fit would improve if 
applied across multiple 
sources 

6: Disproportionate overall 
based on limited habitat 
value, and no improvement 
for other risks 
13: Good fit for specific risk 
but requires duplicated effort 
if source removal 
implemented. 
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Human exposure to PFAS impacted groundwater during construction works in 
the former Fire Training Area 1, Former Fuel Farm 4 & 6, Former ARFF station 
and Current Fire Training Area  
 

    Source Control 
Administrative 

Controls 
Administrative 

Controls 

    
Ex-situ treatment of 

groundwater 

Restrict 
groundworks in 

the area 

Restrict access and 
implement PPE 

protocols 
  ID R5.4 R5.3 R5.2 

1 Cost range estimate Cat 2 Cat 4 Cat 4 
2 Effectiveness rating Low Moderate Moderate 

3 
Implementation period / 
timeframe Medium to Long Short Long 

4 

Potential impacts 

+ Mass removal,  
- Waste 

- Requires mobile 
treatment plants which 

will need to be 
transported to each 
area during earth 

works 

+ Limits 
mismanagement of 

impacted soil or 
groundwater 

- No environmental 
improvement 

+ Reduced intake 
- No environmental 

improvement 

5 
Estimated net environmental 
benefit Low Low Low 

6 Proportion of action to risk Disproportionately Low Moderate Moderate 
7 Best-practice status Not Best Practice Partial Best Practice Partial Best Practice 
8 Verification status Proven To commence In progress 
9 Technology assessment Significant effort N/A N/A 

10 
Risks and mitigation 

  

Source or ongoing 
impacts not 
addressed 

Source or ongoing 
impacts not 
addressed 

11 Key Dependencies Limited None None 
12 Defence capability Moderate Minimal Minimal 
13 Project fit Moderate Good Good 
14 Scalability Scalable Scalable Scalable 
15 Jurisdictional regulator/s NT DENR Commonwealth Commonwealth 

16 
Owner / occupier consents 
and views Defence 

Requires 
coordination Requires coordination 

17 Community Mixed Neutral Neutral 
  Comments  2: High cost and 

multiple units 
required and 
associated 
commissioning of 
mobile units to each 
area when 
groundwater is 
encountered 
9: Need for Approvals, 
Equipment purpose 
built, moderate energy 
use. 
11: Access to power, 
application of receptor 
controls  

7: Part of a best 
practice solution if 
implemented as an 
interim measure 
16: Will require 
coordination to 
ensure controls are 
understood and 
applicable 

7: Part of a best 
practice solution if 
implemented as an 
interim measure 
16: Will require 
coordination to 
ensure controls are 
understood and 
applicable 
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Regular contact with Effluent in tanks representing human exposure risk from 
Current Fire Training Area  

    Source Control Administrative Controls 

    
Treatment of 

Effluent 
Regular Flushing 

of Tanks 

Restrict access 
and implement 

PPE protocols and 
management 
procedures 

  ID R4.4 R4.3 R4.2 
1 Cost range estimate Cat 4 Cat 4 Cat 4 
2 Effectiveness rating Low Low Low 

3 
Implementation period / 
timeframe Short to Medium Short Short 

4 

Potential impacts 

+ Treatment and 
destruction of PFAS 

impacted water 
- No environmental 

improvement 

+ Reduced exposure 
- No environmental 

improvement 

+ Reduced 
exposure 

- No environmental 
improvement 

5 
Estimated net environmental 
benefit Low Medium Low 

6 Proportion of action to risk Low Medium Moderate 
7 Best-practice status Best Practice Good Practice Moderate 
8 Verification status Proven long term Proven medium term To commence 
9 Technology assessment High Effort Moderate Effort N/A 

10 
Risks and mitigation 

Ongoing 
contamination of 

effluent tanks Ongoing cleaning Ongoing monitoring 
11 Key Dependencies Workers Workers Workers 
12 Defence capability Low Moderate Effort Minimal 
13 Project fit Low Moderate Moderate  
14 Scalability Scalable Scalable Scalable 
15 Jurisdictional regulator/s Commonwealth Commonwealth Commonwealth 

16 
Owner / occupier consents 
and views 

Requires 
coordination 

Requires 
coordination 

Requires 
coordination 

17 Community Neutral Neutral Neutral 
  Comments  2: Unless source 

impacts are 
addressed, effluent 
within tanks will need 
to be managed on a 
regular basis (long 
term waste 
management) 

Ongoing 
contamination of 
effluent tanks will 
continue until source 
removal is 
completed 

16: Will require 
coordination to 
ensure controls are 
understood and 
applicable 
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APPENDIX H Figures 
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from  th is source  a re a  an d res tric t an y o ff-B ase tran sp ort o f so ils .

C on tro l expo su re  to  g rou ndw ater  d ur ing  de ep  e xcavation  in  th is  a re a .

In ve stiga te  p ra ctica b ility o f im p lem enting  im m o bilisa tion  o r g ro un dw a ter 
trea tm en t to  m an ag e leach in g  an d m igra tio n .

C on tro l g rou nd d is tu rb an ce  a ctiv it ies , con tro l the  m o ve m ent o f so ils  from  
th is so urce  a rea  and  res trict an y o ff-Ba se  transpo rt o f so ils .

M a in ta in  the  e xis ting  s to ckp ile  con ta inm e nt a nd  con tro l ve ge ta tio n  
g ro w th  in  the  a rea  w h ils t lo ng-te rm  m an ag em en t so lu tion s  a re  inves tiga ted .

W ith in  surfa ce  w ater  m a na gem e nt a re as  (R a p id  a nd Lu dm illa  C ree ks ) ,
su ppo rt th e  EPA an d N T  H ea lth  to  issu e , no tify an d  ro u tine ly  m on ito r  
hea lth  a dv iso ries  an d gu id ance.

C on tro l g rou nd d is tu rb an ce  a ctiv it ies , con tro l the  m o ve m ent o f so ils  
from  th is source  a re a  an d res tric t an y o ff-B ase tran sp ort o f so ils .

In ve stiga te  cap p ing , im m o bilisa tion  o r  sou rce  re m ova l o f 
im p ac ted  so ils  w ith in  the  A rea  to  re duce d irec t con ta ct by  
eco log y an d po te n tia l fo r leach in g  an d m igra tion .

C on tro l g rou nd d is tu rb an ce  a ctiv it ies , con tro l the
m ovem en t o f so ils fro m  th is  so urce  a rea  a nd  res tr ict 
any  o ff-B ase tra nsport o f so ils.

In ve stiga te  the  p ra cticab ility o f capp ing  im pa cte d  
so ils  w ith in  the  a re a  to  red uce leach in g  an d m igra tio n .

C on tro l g rou nd d is tu rb an ce  a ctiv it ies , con tro l the  m o ve m ent o f so ils  
from  th is source  a re a  an d res tric t an y o ff-B ase tran sp ort o f so ils .

In ve stiga te  p ra ctica b ility o f im p lem enting  sou rce  m an age m en t (so il)  
op tion s to  m an age  le ach ing  and  m ig ra tio n .
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