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ABOUT THIS DOCUMENT 

This is the Defence PFAS Management Area Plan (PMAP) for RAAF Base Amberley. 

This PMAP sets out a plan for Defence to manage potential risks that may become elevated that 
relate to PFAS contamination on and emanating from the RAAF Base Amberley, Ipswich, 
Queensland, as identified in the: 

 Detailed Site Investigation report (12 November 2018) 

 Human Health Risk Assessment for the RAAF Base Amberley PFAS Investigation (Rev F, 
5 July 2019), published in August 2019 

 Human Health Risk Assessment for Leichhardt Residential Area (Rev 3, 18 June 2020) 

 Screening Level Ecological Risk Assessment for the RAAF Base Amberley PFAS 
Investigation (Rev F, 10 March 2020) 

 RAAF Base Amberley PFAS Seasonal Monitoring Event (Rev 4, 11 June 2020) 

 RAAF Base Amberley PFAS Seasonal Monitoring Event, Post Dry Season 2019 – 
Addendum Report (Rev 2, 11 June 2020) 

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

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

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

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

The PFAS Management Area Plan (PMAP) for RAAF Base Amberley (the Base) is a roadmap 
detailing the management measures that can be undertaken on-Base to address soil and water 
contamination concerns and potential risks resulting from per- and polyfluoroalkyl substances (PFAS) 
on and off the Base. 

Background 

RAAF Base Amberley is the largest operational air force base in the Defence estate with over 7,000 
Base personnel. It is located 7 kilometres (km) west of Ipswich and 50 km southwest of Brisbane. The 
facility is approximately 23 square kilometres (km2) in area and includes the Base itself as well as 
several parcels of Defence owned land to the east and south of the Base. 

Aqueous Film-Forming Foam (AFFF) products, which contain PFAS, have historically been used at 
Amberley for fire fighting and fire fighting training. Defence commenced an environmental 
investigation of PFAS at Amberley and the surrounding areas in February 2017. This investigation 
has involved Preliminary and Detailed Site Investigations as well as a Human Health Risk 
Assessment (HHRA) and an Ecological Risk Assessment (ERA). 

The investigations identified 29 Confirmed Primary Source Areas (CPSAs) for PFAS on-Base. This 
includes 13 Major, four Moderate, five Minor and seven Insignificant CPSAs. Two secondary impact 
areas were also identified on the Base. The Major CPSAs relate to activities which occurred on the 
Base that frequently used AFFF and include confirmed fire training areas (FTAs) and hangars. 

The Major CPSAs identified were: 

 CPSA A – Former Topside Aviation Fire Training Area and current Fire Training Area Pad 
 CPSA N – Former Fire Station and near vicinity 
 CPSA U – 33 Squadron Hangar 
 CPSA J – Former Fire Training Area, Operations Testing Area and Bomb Replacement Apron 
 CPSA W – Fire Fighting Training School 
 CPSA Y – Former Secondary Fire Training Area 
 CPSA G – Former FTA and Operations Testing Area 
 CPSA B - Hangar 410 (Building 410) and Former Landfill 
 CPSA M – Former Fuel Farm 1 
 CPSA DD – HS748 Former Fire Training Area on Disused Runway 
 CPSA X – Former Structural and Open Pit Fire Training Area 
 CPSA C – Frogs Hollow Former Fire Training School 
 CPSA D – Sewage Treatment Plant 

In addition to the above, seasonal groundwater monitoring events performed at the Base since the 
completion of the Detailed Site Investigation (DSI) indicates that CPSA V (AFFF Wastewater Holding 
Tank) may be contributing towards PFAS concentrations reported in groundwater.   

Based on the outcomes of the DSI and subsequent HHRA and ERA, current and potential future risks 
were identified that require some form of management. 

The following have been identified in the HHRA or ERA as being potentially elevated risks, including 
the area that each risk relates to. 
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Human Health: 

 Incidental direct contact with PFAS in soil and sediment at RAAF Base Amberley. Risks are 
low and acceptable except for two source areas, namely CPSA A and CPSA N and for Base 
personnel (including contractors) undertaking regular soil disturbance works. It is noted that 
these potential risks can be managed through a combination of appropriate construction 
management controls and occupational health and hygiene practices. Risks have been 
assessed as low and acceptable for office workers in all areas at the Base (including CPSA A 
and N) where no or limited contact with soil occurs. 

 Human consumption of fish caught from local waterways (Warrill Creek and Bremer River). 
Exposures by adults and children have the potential to be elevated above the tolerable daily 
intake (TDI) in the event of consumption of fish and crustaceans from these local waterways. 
It is noted that potential risks to adults and children that may consume eel from Purga Creek 
have been assessed as low and acceptable.  

 Consumption of chicken eggs at private properties adjacent to the Warrill Creek. Exposures 
by children have the potential to be elevated above the TDI following the consumption of 
chicken eggs (this is based on worst-case consumption rates). Exposures by adults and 
children (based on medium and light consumption rates) have not been calculated to be 
elevated.    

 Consumption of home-slaughtered beef meat and beef offal (liver and / or kidney) at private 
properties adjacent to the Warrill Creek. Exposures by adults and children have the potential 
to be elevated above TDI following the consumption of home slaughtered beef meat. In 
addition, exposures by adults have the potential to be elevated above TDI following the 
consumption of home slaughtered beef offal. In conducting the risk assessment it was 
assumed that children do not eat offal and therefore potential exposures were not calculated.   

In addition to the above, the potential for elevated risk has been identified in circumstances where 
multiple exposures could occur (i.e. cumulative risks associated with multiple exposures). This could 
include the consumption of home-grown eggs and beef products, fish and crustaceans from 
waterways, incidental direct contact with water and swimming in waterways. This risk that has the 
potential to become elevated applies to the Warrill Creek and Bremer River and adjacent private 
properties. 

Ecological Health: 

 Direct toxicity to terrestrial ecosystems. This potential risk applies to RAAF Base Amberley, 
specifically CPSA A, CPSA G, CPSA W and CPSA CC. At other areas at the Base the 
potential risk was assessed as low and acceptable.  

 Bioaccumulation and effects on higher order consumers within terrestrial ecosystems. This 
potential risk applies to RAAF Base Amberley and off-Base. On-Base, this relates specifically 
to CPSA A, CPSA C, CPSA G, CPSA W, CPSA X and CPSA CC (at other areas at the Base 
the potential risk was assessed as low and acceptable). Potential risk issues identified off-
Base relate to sediments in the Warrill Creek.  

 Direct toxicity to aquatic ecosystems. This applies to RAAF Base Amberley. Specifically, this 
relates to Frogs Hollow Gully where potential risk issues were identified. At other on-Base 
locations the potential risk was assessed as low and acceptable. In addition, potential direct 
toxicity effects to aquatic ecosystems in Warrill Creek and Bremer River are unable to be 
excluded. 

 Bioaccumulation and effects on higher order consumers within aquatic ecosystems. This 
applies to RAAF Base Amberley (on-Base drainage channels immediately up-stream of the 
River Bremer and Warrill Creek) as well as the Warrill Creek and the Bremer River 
themselves off-Base. Within these aquatic ecosystems, bioaccumulation and effects on 
higher order consumers are unable to be excluded. 
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Ongoing Monitoring Plan and PMAP Actions: 

An Ongoing Monitoring Plan will be implemented in order to assess PFAS concentration trends over 
time. Results will be reviewed in order to evaluate any changes to current or new risks identified 
within the Management Area. 

A screening assessment was undertaken to determine potential options for managing the risks 
identified above. A comparative assessment of nine options was then undertaken. Based on the 
outcomes of this assessment, the following five PMAP response actions are: 

Action 1: Restrict surface runoff and infiltration of PFAS to the stormwater networks on-Base and limit 
direct discharge to the Bremer River and / or Warrill Creek. The stormwater network in this instance 
includes above ground lined and unlined drains, as well as below ground lined drains. This action will 
involve: 

a) Completion of additional investigation to better understand the extent of the stormwater 
networks at the Base. This should include a survey of the condition of stormwater pipes and 
pits in the vicinity of source areas CPSA A, CPSA B, CPSA C, CPSA D, CPSA N, CPSA U, 
CPSA W and CPSA DD in order to identify potential PFAS infiltration points.  

b) Completion of an assessment of stormwater drainage points that discharge to the Warrill 
Creek and Bremer River. The purpose of this assessment should be to determine PFAS mass 
discharge (flux) from the different stormwater drainage points into the Bremer River or Warrill 
Creek. The mass of PFAS being discharged from each drainage point under different flow 
conditions can be calculated and will provide a means by which drainage improvement works 
at the Base can be prioritised. This assessment should also include consideration of PFAS 
concentrations in sediments within the drainage channels in order to inform specific 
management options / requirements. 

c) Development of a RAP that identifies options for drainage improvement works.  

Action 2: Restriction of infiltration of PFAS to the sewer network on-Base as well as further 
assessment of the vertical and lateral extent of PFAS at CPSA D (the STP) and the adjacent Frogs 
Hollow Gully. The purpose of this action is to limit direct discharge of PFAS to Warrill Creek via the 
STP. This action will involve: 

a) Completion of additional investigation to better understand the extent and integrity of the 
sewer network at the Base, particularly in the immediate vicinity of identified source areas. 
This should include a survey of the condition of sewer pipes, pits and other related 
infrastructure in the vicinity of CPSA B, CPSA N, CPSA U, and CPSA W in order to identify 
potential PFAS infiltration points. 

b) The completion of item (a) above should aim to identify which sections of the sewer system 
that interface with the identified source areas are impacted by PFAS and to what extent. This 
information should guide the prioritisation of subsequent management actions specific to the 
sewerage system and inform the design of a PFAS mass flux assessment. PFAS impact 
should be assessed in the context of a Base-wide sewer network PFAS mass flux. 

c) Additional review of the preliminary STP factual soil investigation report (CH2M, 2020). Based 
on data gaps identified, completion of additional soil investigations at the STP compound and 
Frogs Hollow Gully in order to determine the vertical and lateral extent of PFAS impact in soils 
/ sediments as well as leachability potential.  

d) Development of a RAP (or multiple RAPs) that can be implemented in order to reduce PFAS 
discharges from the Base through the sewerage system, including the STP. The development 
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of the RAP(s) should be undertaken in consideration of information relating to the 
replacement of the STP. Factors that may influence management requirements may include 
timelines for construction and details regarding any associated sewer upgrade works and 
network analyses that may be planned. 

Action 3: Reduction of PFAS mass flux through vertical / lateral migration from CPSA A (Former 
Topside Aviation Fire Training Area and current Fire Training Area Pad). This action will involve: 

a) Completion of additional investigations to better understand the vertical and lateral distribution 
of PFAS across this source area. This should include a detailed survey of infrastructure, 
including a review of infrastructure associated with the existing temporary stockpiling facility 
completed as part of the BFA. 

b) Development of a RAP for the implementation of source management actions. This RAP 
should include remediation design components. At this stage a capping solution is proposed, 
therefore the remediation design should include the selection of capping materials and 
specification.  

Action 4: Further assessment of the infrastructure associated with CPSA V (AFFF Wastewater 
Holding Tank): 

a) Additional investigation of CPSA V (the AFFF Wastewater Holding Tank) in order to better 
understand how this infrastructure operates and assess the extent to which this feature may 
be contributing towards PFAS concentrations observed in groundwater at the Base.   

Action 5: Reduction of PFAS mass flux through vertical / lateral migration from CPSA N (Former Fire 
Station). This action will involve: 

a) Review of documentation relating to the recently completed upgrade works in order to 
establish the extent of source area removal already completed, noting that such information is 
not currently available.  

b) Completion of additional investigations to better understand the vertical and lateral distribution 
of PFAS across this source area. This should include a detailed survey of infrastructure. 

c) Development of a RAP for the implementation of source management actions. This RAP 
should include remediation design components. At this stage a capping solution is proposed, 
therefore the remediation design should include the selection of capping materials and 
specification.  
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GLOSSARY 

AAFC Amberley Air Force Cadets 

ACS NEMP National Environment Protection (Assessment of Site Contamination) 
Measure 

AFFF Aqueous Film-Forming Foam 

AHD Australian Height Datum 

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

BFA Battlefield Airlifter Project 

CPSA Confirmed Primary Source Area 

DES Department of Environment and Science 

DEQMS Defence Estate Quality Management System 

DoEE Department of Energy and Environment (Commonwealth) 

DSI Detailed Site Investigation as identified in section 1.5 

ERA Ecological Risk Assessment 

Extended implementation 
period 

Period when PMAP response actions are required beyond the primary 
implementation period. These actions include ongoing: 

monitoring, leachate management, and maintenance of stockpiles 

monitoring of Management Area for PFAS 

assessment of developments and technologies for application to 
stockpiled PFAS impacted soils and materials 

FTA Fire Training Area 

ha Hectares 

HEPA Heads of EPA, a forum of State, Territory and Commonwealth 
environmental regulators, and publisher of the PFAS NEMP 

HHRA Human Health Risk Assessment 

IA Investigation Area 

IRM Guidelines PFAS Interim Response Management 
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km Kilometres 

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

m Metres 

m BGL Metres below ground level 

Net environmental 
benefit (NEB) 

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

a) impacts on: 

 ecosystem health 
 sensitive species 
 fate and transport of PFAS. 

 planned mitigation actions for any negative impacts. 
Off-site Off-Base (or other Defence property) 

Ongoing Monitoring Plan 
(OMP) 

The Ongoing Monitoring Plan forming a part of this PMAP as set out in 
Chapter 5 and Attachment 1. 

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

PFAS Per- and Poly-Fluoroalkyl Substances 

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

PFHxS Perfluorohexane Sulfonate 

PFOA Perfluorooctanoic Acid 

PFOS Perfluorooctane Sulfonate 

Primary implementation 
period 

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

Primary source area An original source of PFAS contamination, generally on-site, for 
example, a fire-fighting training ground 

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

Public Works Committee 
(PWC) 

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

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

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

Response Management 
Strategy (RMS) 

The Defence PFAS Response Management Strategy 

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

SCEP Stakeholder Community and Engagement Plan 

Secondary source area An area containing elevated PFAS concentrations originally sourced 
from pathways from a Primary source area, and itself functioning as a 
source area  

Site Selection Board Approve the siting of semi-permanent and permanent structures, 
including the location of response actions and any supporting 
infrastructure. 

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

STP Sewage Treatment Plant 

SWL Standing water level 

TSF Temporary Stockpile Facility 

TWG (Queensland Government) Technical Working Group 

WHS Work, Health and Safety 

WuS Water Use Survey 

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

1.1 Purpose 

This PFAS Management Area Plan (PMAP) provides a broad roadmap for response management by 
Defence of potential risks arising from Per- and poly-fluoroalkyl substances (PFAS) contamination 
associated with RAAF Base Amberley (the Base) and surrounding areas, consistent with the PFAS 
National Environmental Management Plan (PFAS NEMP) (HEPA, 2018). The location of the Base is 
presented in Figure 1, while features are presented in Figure 2.  

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

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

 Reducing the mass of the PFAS contamination source, and/or 
 Blocking or diverting the migration pathway of the contamination from the source to a receptor 

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

1.2 Application 

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

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

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

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

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

The Queensland Technical Working Group (TWG), which is made up of representatives from the 
Department of Environment and Science (DES), Queensland Health, Department of Agriculture and 
Fisheries, Department of Natural Resources, Mines and Energy, and Ipswich City Council, have been 
consulted in the development of this document. 

1.3 Background 

1.3.1 PFAS and its use 

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

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

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

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

1.3.2 The nature of PFAS 

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

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

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

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

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

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

1.4 Policy context 

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

1.4.1 PFAS National Environmental Management Plan 

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

                                                      

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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Department of Environment and Energy (DoEE) and has been endorsed by the Commonwealth 
Government. 

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

1.4.2 Defence estate and environmental management 

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

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

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

Strategic Aim 1: Defence will deliver a sustainable estate 

Strategic Aim 2: Defence will understand and manage its environmental impacts 

Strategic Aim 3: Defence will minimise future pollution risks and manage existing 
contamination risks 

1.4.3 PFAS Response Management Strategy 

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

PFAS Management 
Area Plan (PMAP) 
template and 
guidance 

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

PFAS Interim 
Response 
Management (IRM 
Guidelines) 

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

                                                      

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

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

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

Diagram 1: Defence PFAS response management and implementation map 

 

 

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

1.4.4 PFAS Applied Research Strategy 

The PFAS Response Management Strategy objective is to ensure that Defence is sufficiently 
supported by research and new technologies to efficiently and effectively manage the risks associated 
with PFAS contamination on or emanating from the Defence estate. This includes supporting 
demonstration and validating PFAS remediation technologies. The PFAS Technology Demonstration 
Guideline provides guidance for the processes involved in Defence investment in technology 
demonstration. The outcomes of program may (as relevant) inform the review of this PMAP. 

1.5 Scope 

This PMAP relies on the following reports to inform risk identification and definition of the 
Management Area: 

 The Detailed Site Investigation (DSI) for the RAAF Base Amberley PFAS Investigation 
(CH2M, 2018). 
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 The Human Health Risk Assessment (HHRA) for the RAAF Base Amberley PFAS 
Investigation (EnRiskS, 2019). 

 The HHRA for Leichhardt Residential Area (CH2M, 2020b) 

 The Screening Level Ecological Risk Assessment (ERA) for the RAAF Base Amberley PFAS 
Investigation (EnRiskS, 2020). 

 The RAAF Base Amberley PFAS Seasonal Monitoring Event (SME) report (CH2M, 2020d) 
and addendum (CH2M, 2020c) 

The key parameters for the PMAP are set out below. 

Management Area The Management Area is where the DSI, HHRA and ERA have 
identified potential risks of exposure to PFAS that require 
management by Defence, including ongoing monitoring under the 
Ongoing Monitoring Plan (OMP) 

The Management Area is defined as the geographical boundaries of 
the Base, although within this area there are specific PFAS source 
areas identified as contributing most significantly towards risks that 
have the potential to become elevated that require management, 
including: 

 CPSA A – Former Topside Aviation Fire Training Area and 
current Fire Training Area Pad 

 CPSA B – Hangar 410 (Building 410) and Former Landfill 
 CPSA C – Frogs Hollow Former Fire Training School  
 CPSA D – Sewage Treatment Plant  
 CPSA N – Former Fire Station 
 CPSA U – 33 Squadron Hangar 
 CPSA W – Fire Fighting Training School 
 CPSA DD – HS748 Former Fire Training Area on Disused 

Runway 
 CPSA V – AFFF Wastewater Holding Tank (Note: the 

contribution that this source is making towards overall risk 
at the Base is yet to be determined although further 
assessment of this source area is proposed as part of this 
PMAP) 

The Management Area also includes the following areas (in addition 
to RAAF Base Amberley): 

 Warrill Creek – this comprises a portion of the Warrill Creek 
adjacent to the southern boundary of the Base and extends 
as far downstream as the point of confluence with the 
Bremer River. This includes private properties adjacent to 
the Base along this stretch of the creek. Note: this 
represents what has previously been referred to as Area 1 
in the DSI, HHRA and ERA documents. 

 Bremer River – this comprises a portion of the Bremer River 
adjacent to the northern and eastern boundaries of the 
Base and extends as far downstream as Cribb Park. This 
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area includes private properties adjacent to the stretch of 
river adjacent to the Base as far downstream as Berry’s 
Weir. Note: this represents what has previously been 
referred to as Area 2 and 3 in the DSI, HHRA and ERA 
documents. 

The Area does not include: the Bremer River and adjacent 
properties to the north and north-west of the Base (upstream of the 
section of the Bremer River referred to above), Purga Creek to the 
south of the Base and the Leichhardt Residential Area. Note: these 
represent what has previously referred to as Area 4, 5 and 6 
respectively in the DSI, HHRA and ERA. Potential risks relevant to 
these areas assessed as part of the HHRA or ERA were deemed to 
be low and acceptable. It is however noted that ongoing monitoring 
has been recommended in Area 4 and 5 in order to confirm 
temporal / seasonal trends in PFAS concentrations. 

The extent of the Management Area, including relevant source 
areas contributing towards risks that have the potential to become 
elevated that require management are shown in Figure 3. Further 
detail is provided in Section 2.1. 

Issue/risk identification The following have been identified in the HHRA or ERA as being 
potential risks: 

Human Health: 

 Incidental direct contact with PFAS in soil and sediment at 
RAAF Base Amberley. Risks are low and acceptable except 
for two source areas, namely CPSA A and CPSA N and for 
Base personnel (including contractors) undertaking regular 
soil disturbance works. It is noted that these potential risks 
can be managed through a combination of appropriate 
construction management controls and occupational health 
and hygiene practices. Risks have been assessed as low 
and acceptable for office workers in all areas at the Base 
(including CPSA A and N) where no or limited contact with 
soil occurs. 

 Human consumption of fish caught from local waterways 
(Warrill Creek and Bremer River). Exposures by adults and 
children have the potential to be elevated above the 
tolerable daily intake (TDI) in the event of consumption of 
fish and crustaceans from these local waterways. It is noted 
that potential risks to adults and children that may consume 
eel from Purga Creek have been assessed as low and 
acceptable.  

 Consumption of chicken eggs at private properties adjacent 
to the Warrill Creek. Exposures by children have the 
potential to be elevated above the TDI following the 
consumption of chicken eggs (this is based on worst-case 
consumption rates). Exposures by adults and children 
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(based on medium and light consumption rates) have not 
been calculated to be elevated.    

 Consumption of home-slaughtered beef meat and beef offal 
(liver and / or kidney) at private properties adjacent to the 
Warrill Creek. Exposures by adults and children have the 
potential to be elevated above TDI following the 
consumption of home slaughtered beef meat. In addition, 
exposures by adults have the potential to be elevated above 
TDI following the consumption of home slaughtered beef 
offal. In conducting the risk assessment it was assumed that 
children do not eat offal and therefore potential exposures 
were not calculated.   

In addition to the above, the potential for elevated risk has been 
identified in circumstances where multiple exposures could occur 
(i.e. cumulative risks associated with multiple exposures). This could 
include the consumption of home-grown eggs and beef products, 
fish and crustaceans from waterways, incidental direct contact with 
water and swimming in waterways. This risk that has the potential to 
become elevated applies to the Warrill Creek and Bremer River and 
adjacent private properties. 

Ecological Health: 

 Direct toxicity to terrestrial ecosystems. This potential risk 
applies to RAAF Base Amberley, specifically CPSA A, 
CPSA G, CPSA W and CPSA CC. At other areas at the 
Base the potential risk was assessed as low and 
acceptable.  

 Bioaccumulation and effects on higher order consumers 
within terrestrial ecosystems. This potential risk applies to 
RAAF Base Amberley and off-Base. On-Base, this relates 
specifically to CPSA A, CPSA C, CPSA G, CPSA W, CPSA 
X and CPSA CC (at other areas at the Base the potential 
risk was assessed as low and acceptable). Potential risk 
issues identified off-Base relate to sediments in the Warrill 
Creek.  

 Direct toxicity to aquatic ecosystems. This applies to RAAF 
Base Amberley. Specifically, this relates to Frogs Hollow 
Gully where potential risk issues were identified. At other 
on-Base locations the potential risk was assessed as low 
and acceptable. In addition, potential direct toxicity effects 
to aquatic ecosystems in Warrill Creek and Bremer River 
are unable to be excluded. 

 Bioaccumulation and effects on higher order consumers 
within aquatic ecosystems. This applies to RAAF Base 
Amberley (on-Base drainage channels immediately up-
stream of the River Bremer and Warrill Creek) as well as 
the Warrill Creek and the Bremer River themselves off-
Base. Within these aquatic ecosystems, bioaccumulation 
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and effects on higher order consumers are unable to be 
excluded. 

The Ongoing Monitoring Plan (provided in Attachment 1) will be 
implemented in order to assess PFAS concentration trends over 
time. Results will be reviewed in order to evaluate any changes to 
current or new risks identified within the Management Area. Further 
details regarding the OMP is provided in Section 5 

Issue/risk range A PMAP addresses the range of risks that have the potential to 
become elevated that have been identified in a DSI and the risk 
assessment, but excludes WHS PFAS exposure risks within the 
Management Area. They are appropriately managed by the relevant 
contractor in accordance with applicable work, health and safety 
legislation. 

Remediation technology 
status 

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

1.6 Key response factors 

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

 whether an option is proportional to risks 

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

 views of the jurisdictional regulator and other 
stakeholders 

 availability of best-practice management 
systems, treatments and technologies 

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

 effectiveness and validation status of 
technology 

 success measures for the treatment or remediation outcomes 

 the need for ongoing operations, management, maintenance or monitoring 

 the net environmental benefit 

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

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

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

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

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

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

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

This will inform any changes to, and re-alignment of, the PMAP. The purpose of the PMAP is to 
identify proposed remediation actions for the Base, based on the potentially elevated risks identified in 
the HHRA and ERA. However, the details of remediation actions that will be performed will be 
specified in Remediation Action Plans that will follow as the recommendations of the PMAP are 
implemented. 

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). 

It is noted that a new Medium Works project is in its early stages the will comprise the design and 
construction of a new Sewage Treatment Plant (STP) at the Base. The new STP will be located in a 
different location to the existing STP. It is understood that the demolition and remediation of the 
current STP will form part of the project. This project has been initiated independently of any 
recommendations included in this PMAP, but it is recognised that the current STP does represent a 
primary PFAS source area and primary migration pathway by which PFAS contaminated effluent from 
the sewerage network at the Base is discharged to the Warrill Creek. For the purposes of identifying 
actions associated with the sewerage system, this PMAP excludes all actions that relate directly to 
the current STP itself, noting that these remedial actions will form part of the Medium Works project. 
The PMAP will instead focus only on actions relating to the sewer network only at the PFAS source 
areas identified where there is understood to be connectivity with the sewer system. Assessment of 
inflows in to the sewer system elsewhere at the Base (and inflows in to the new STP more broadly) 
will be considered as part of other projects. 

Advisories notices or other management actions that are required for off-Base properties will be 
implemented in consultation with the Technical Working Group. 

1.7.1 Approvals 

A. Higher value public works 

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

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

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

 approval to proceed 
 approval to proceed, subject to specific conditions or requirements 

                                                      

4 Public Works Committee Act 1969, sections 18(8) and 18(8A) 
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 Committee deliberation postponed, pending further information, or 
 Committee resolution to seek a referral. 

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

B. Site Selection Board 

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

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

1.7.2 Procurement phase 

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

1.7.3 Implementation timelines 

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

The PMAP is divided into two implementation periods: 

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

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

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

soils and materials. 

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

a) the primary implementation period 

b) the extended implementation period, or 

                                                      

5 http://www.defence.gov.au/EstateManagement/lifecycle/SiteSelection/Task4.asp 
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c) both the primary and extended implementation periods (eg, monitoring of the Management 
Area for PFAS). 

1.7.4 A living document 

The science of understanding PFAS impacts and ways of managing PFAS contamination are 
constantly evolving. There is still a lot that is not established about PFAS behaviour and the impacts 
of PFAS contamination on human health and the environment. Similarly, remediation technologies, 
particularly 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 (CH2M, 2018) and the Risk Assessments (CH2M, 2020b; EnRiskS, 2019). 
Defence recognises that there may still be gaps in information that will be progressively addressed 
while impacted sites are being managed. 

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

1.8 Constraints and assumptions 

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

 Receptors, exposure mechanisms and risks for PFAS are based on current activities 
undertaken within the Management Area.  

 As noted in Section 2.2.8, there is the potential for land currently zoned for rural land use 
around the Base to be rezoned for residential use. This would require a planning proposal 
and eventual development applications.  

 This PMAP has been prepared based on the current knowledge pertaining to PFAS at the 
Base as presented in the DSI (CH2M, 2018), ERA (EnRiskS, 2020) and HHRA (CH2M, 
2020b; EnRiskS, 2019). Relevant information includes (but is not limited to): 

 Historic uses of AFFF at the Base and the surrounding area. 

 PFAS sampling results, both on- and off-Base.   

 Understanding of the conceptual site model. 

 Information gathered from community events and surveys 

 Management actions have been proposed in consideration of the latest available 
information regarding the feasibility of remediation technologies currently available, as 
informed by: 

 Management and remedial technologies summarised in the PFAS NEMP. 

 Additional technologies based on successful trials within and outside of Australia, 
informed by publicly available information such as that presented by Interstate 
Technology Regulatory Council (ITRC). 

Technologies that are not considered economically viable or feasible for use at RAAF Base Amberley 
have been excluded (as recommended in PFAS NEMP). 
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Figure 2: Defence PFAS management process map 
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2 PROFILE OF THE MANAGEMENT AREA  

2.1 Management Area description 

The Management Area comprises the Base property, which occupies an area of approximately 2,030 
hectares (ha). Of this, approximately 1,600 ha is used for operational purposes, while the remaining 
approximately 430 ha is leased for agricultural or commercial use.  

The Management Area also includes the geographic extents of ongoing monitoring nominated in the 
Ongoing Monitoring Plan (provided in Appendix I) as well as encompassing off-base areas where 
potential risks have been identified that require management. In addition to RAAF Base Amberley, the 
Management Area encompasses the following specific areas where potential risks have been 
identified: 

 Warrill Creek – this area comprises the Warrill Creek adjacent to the southern boundary of the 
Base and extends as far downstream as the point of confluence with the Bremer River. This 
area includes private properties adjacent to the Base along this stretch of the creek. Private 
properties that lie within this area are used for agriculture and rural residential purposes. 
Note: this area represents what has previously been referred to as Area 1 in the DSI, HHRA 
and ERA documents.  

 Bremer River – this area comprises the Bremer River adjacent to the northern and eastern 
boundaries of the Base and extends as far downstream as Cribb Park. This area includes 
private properties adjacent to the stretch of river adjacent to the Base as far downstream as 
Berry’s Weir. Private properties that lie within this area are used for agriculture and rural 
residential purposes. Note: this represents what has previously been referred to as Area 2 
and 3 in the DSI, HHRA and ERA documents. 

The Management Area does not encompass the Bremer River and adjacent properties to the north 
and north-west of the Base (upstream of the section of the Bremer River referred to above) as well as 
Purga Creek to the south of the Base. Note: these represent what has previously referred to as Area 
4 and 5 respectively in the DSI, HHRA and ERA. There were no potential risks relevant to these areas 
identified as part of the HHRA or ERA but nonetheless, ongoing monitoring has been recommended 
in order to confirm temporal / seasonal trends in PFAS concentrations. 

The Management Area is presented in Figure 3, with risks relevant to each area described in Section 
1.5. 

Further details regarding the Base are presented in the following section, while the broader 
environmental setting of the Management Area is described in Section 2.2. 

2.1.1 RAAF Base Amberley 

The Base is the largest operational air force base in the Defence estate with over 7,000 Base 
personnel. It is located 7 kilometres (km) west of Ipswich and 50 km southwest of Brisbane (Figure 
1). The facility is approximately 2,030 ha in area and includes the Base itself as well as several 
parcels of Defence owned land to the east and south of the Base (Figure 2). The Base details are 
listed in Table 1. 
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Table 1 Property Details 

Property Name RAAF Base Amberley 

Address Southern Amberley Road, Amberley, Queensland 

Coordinates Northern boundary: 273608.92 S, 1524139.18 E 

Southern boundary: 273917.50 S, 1524257.17 E 

Eastern boundary: 273809.06 S, 1424353.04 E 

Western boundary: 273806.10 S, 1524049.85 E 

South western point: 273905.38 S, 1524125.91 E 

North western point: 273737.99 S, 1524007.07 E 

North eastern point: 273659.71 S, 1524250.53 E 

South eastern point: 273836.01 S, 1524351.63 E 

Property Owner Department of Defence 

Lot and Plan The Base consists of 716 property Lots 

Current Property Use Military Aircraft Base 

Size ~2,030 ha, with ~1,600 ha used for operational purposes and the remaining area 
leased for agricultural or commercial use 

Local Government Area Ipswich City Council 

The Base operates two runways as shown on Figure 2. The main runway runs approximately north to 
south, parallel to the eastern boundary. The second runway is shorter and runs southwest to 
northeast and is located in the southern part of the Base. Parallel to the main runway is a taxiway that 
services both runways and provides access to the main hangars. 

The majority of the operational areas, historic, current and ‘planned for the future’ are located to the 
west of the runways and taxiways. Operational areas include: 

 The main hangars for 1 Squadron, 6 Squadron and 33 Squadron 
 Short term accommodation for military personnel 
 The redeveloped fire training area (FTA) pad 
 The fire-fighter training school 
 Logistics facilities 
 Military dog training facilities 
 Fuel facilities 
 An AFFF holding tank 
 Engine test facilities 
 Battlefield Airlifter Project (BFA) (at the former Fuel Farm 1 location) 
 C17 Globemaster III maintenance and facilities project offices and car parking 
 Temporary Stockpile Facility (TSF) for PFAS impacted soils 

2.2 Management Area setting 

This section provides a summary of the environmental setting of the Management Area. Further 
detailed information is presented in the DSI (CH2M, 2018). 

2.2.1 Climate 

The climate within the Amberley area is warm and temperate with annual average day-time 
temperatures ranging from 21°C in July to 31°C in January (BoM, 2019). There is a defined wet 
season from December through March, with the months from April to November being relatively dry. 
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2.2.2 Topography 

The Base is approximately 2,030 ha and is mostly located in the floodplains of the Bremer River, and 
Purga and Warrill Creeks. 

The runways, taxiways and hangars are located below the 30 m Australia Height Datum (AHD) 
contour line within the flood plains where the topography is very flat (surface gradients of 0.003 to 
0.005). In the central west of the Base the topography raises above the floodplain to topographical 
highs of 50 m AHD in the south to the south of Frogs Hollow Gully and 60 m AHD in the west at the 
Fire Fighter Training School. The majority of the other operational areas and accommodation are 
located in this area above the floodplains. 

2.2.3 Regional and Local Geology 

The Ipswich 1:100,000 Geological Map Sheet SG56-14-9442 (Geological Survey of Queensland, 
1971), presented on Figure 5, identifies the surficial geology at the Base as consisting of: 

 Quaternary Floodplain Alluvium (Qa), comprising silt, gravel and clay in the eastern and lower 
elevation portions of the property. 

 Tertiary claystone, siltstone, sandstone and basalt (Ts/1) in the west-central, higher elevation 
portions of the property. 

 Tertiary basalt (Tv/1), Amberley Basin basalt in the northwest-central and southwest-central 
portions of the property. 

In addition, the following units are present at the surface along the perimeter of the Base: 

 Jurassic Walloon Coal Measures (Jw), comprising shale, siltstone, sandstone and coal 
seams, cropping out along the western property boundary. 

 Quaternary (Holocene) terrace alluvium (Qha/1, Qha/2), lowest river terrace comprising 
gravel, sand, silt and clay along the Bremer River and Warrill Creek at the northern, southern, 
and eastern boundaries, respectively. 

2.2.4 Regional and Local Hydrogeology 

The three main geological formations and deposits of varying ages comprise water-bearing units 
beneath the Base including: Quaternary Floodplain Alluvium, Tertiary Formation, and the Walloon 
Coal Measures. 

Quaternary Floodplain Alluvium 

The floodplain alluvium is one of the main aquifers underlying the property. This aquifer is a shallow 
unconfined system, 10 to 13 m in thickness. It is comprised of sand, silt and clay. The sand and sandy 
clay horizons are the predominant water bearing zones.  

The groundwater in the alluvium is suitable for most stock, domestic and irrigation purposes, but is 
marginal for human consumption. 

Tertiary Formation 

The Tertiary Formation outcrops in the west-central, higher elevation areas of the property and 
contains a weathered clay upper profile and more competent clay and basalt in the lower portion. In 
lower elevation areas of the base, the Tertiary Formation underlies the Quaternary Floodplain 
Alluvium. 

The QLD Government Groundwater Database (Queensland Government, 2020) indicates that 
groundwater in the Tertiary Formation is saline and has an average yield of 0.65 L/s. Beneficial use of 
groundwater in the Tertiary Formation has been reported as being limited to stock watering. Where it 
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crops out in the western portion of the property, the Tertiary Formation is likely recharged by direct 
infiltration of rainfall. 

Walloon Coal Measures 

The Jurassic Walloon Coal Measures underlie the Tertiary Formation and are comprised of low 
permeability shale, coal, siltstone and sandstone. The coal measures are approximately 250 to 300 m 
thick near the property (PB, 2014). 

Local Groundwater Flow 

The water table at the Base has generally been encountered at depths between 10 to 15 m BGL. 
Groundwater flow beneath the Base in both the Quaternary/Tertiary Hydrogeological Unit and the 
Walloon Coal Measures is predominantly from the higher elevation central-west areas of the Base 
north and east towards the Bremer River and south towards Warrill Creek. Potentiometric contours 
developed from gauging during the DSI are presented on Figure 6a and Figure 6b. 

For the Quaternary/Tertiary Hydrogeological Unit Figure 6a contours indicate that groundwater flows 
from the potentiometric highs at MW27 and MW26 radially to the north, east and south through the 
Tertiary Formation. As the topography flattens out across the Alluvial floodplain, the contours indicate 
that groundwater flow continues to the northeast, east and southeast through the Alluvium. 

For the Walloon Coal Measures, the contours on Figure 6b indicated that across the developed areas 
of the Base, groundwater flow is from the potentiometric high in the west towards the east and 
southeast of the Base and are influenced mainly by topography over the longer distances. In the 
western portion of the Base, there is also the potential for groundwater to flow to the west in the 
Walloon Coal Measures (this may be influenced by water extraction at the coal mine located to the 
south-west of the property). 

Groundwater/Surface Water Connectivity 

PFAS is transported with both surface water and groundwater at the Base and therefore 
understanding the interaction between the groundwater and surface water is very important for PFAS 
management activities. 

Losing streams are characterised by groundwater elevations below the water level in the stream/river. 
Water from a losing stream discharges to groundwater. Areas where groundwater discharges to surface 
water are known as gaining streams. At the Base, these conditions have been shown to vary along the 
length of the Bremer River and potentially seasonally. It is more likely that Warrill Creek would be a 
losing stream for a majority of the time, given the flat topography of the floodplain in this area. 

Groundwater and surface water elevations within and adjacent to the Bremer River and Warrill Creek 
suggests that the Quaternary Floodplain Alluvium may be providing base flow to the rivers.  An 
ephemeral water body, Frogs Hollow Gully is present in the south-west portion of the Base, it 
connects with Warrill Creek at the property boundary. Based on the climatic conditions, groundwater 
recharge and a likely rise of the groundwater table would occur through the wet season. This increase 
in water table elevation would have the potential to increase contaminant migration towards the 
surface water bodies during those wetter months. 

Perched Groundwater 

Investigations (CH2M, 2020d) confirmed the presence of perched groundwater at 2.1 m below ground 
level (m BGL), near CPSAs M and N (former fire station and Fuel Farm 1). The perched groundwater 
is contaminated with PFAS. This perched groundwater is considered to be associated with the 
underground storage tank (UST) pits. USTs and much of the impacted soil within Fuel Farm 1 have 
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been removed as part of the BFA. It is not believed that perched groundwater is widespread and 
perched water has not been reported elsewhere at the Base. 

2.2.5 Surface Water 

The Base is within the Bremer River sub-catchment. The Bremer River sub-catchment is about 
2,036 km2 and is a major sub-catchment of the Brisbane River catchment. The main watercourses in 
the Bremer River sub-catchment within the Investigation Area (IA) include the Bremer River, Purga 
Creek and Warrill Creek. Purga and Warrill Creeks run in a south-to-north direction and follow the 
southern boundary of the Base before joining the Bremer River to the east of the Base. The Bremer 
River flows from the west and borders the northwest, northern and eastern extents of the Base. 

Warrill Creek originates 50 km southwest of the Base, with a catchment area of 920 km2. Flow into 
Warrill Creek is partly controlled by the Moogerah Dam on Reynolds Creek, a tributary of Warrill 
Creek. The Bremer River enters the Brisbane River 8 km downstream and to the northeast of the 
Base. The location of the Bremer River and, Warrill and Purga Creeks, along with other minor water 
courses are also shown in Figure 7. 

The Brisbane River Catchment Flood Study provides mapping of the regional flood events. The 1 in 
20 annual exceedance probability (AEP) flood event shows that operational sections of the Base 
would be inundated during these flood events. In these flood events, the Bremer River surface water 
extent to the north of the Base is wide compared to the surface water extent around Warrill and Purga 
Creeks. PFAS detected on private properties adjacent to Warrill Creek and the Bremer River can 
likely be attributed (in part) to historic flooding events whereby land has been inundated with surface 
water impacted by PFAS as well as deposition of sediment that contains PFAS. 

2.2.6 Base Management Area Drainage 

There is an extensive stormwater drainage system across the property that dates back to the 1940s. 
The drainage system is designed to avoid ponding. Drains on the property in operational areas 
ultimately discharge off-Base. The drainage system contains a variety of features, including: open, 
lined and unlined drains; covered lined drains; underground drainpipes and grated lined drains. 

A desktop connectivity survey was completed (PB, 2014) to assess the hydrology at the Base and the 
following conclusions were made: 

 Stormwater discharges to the Bremer River and Warrill Creek. 

 The stormwater system is designed to retain water during heavy rainfall, particularly in the 
northern portion of the property. As a result, stormwater flow rates into the Bremer River and 
Warrill Creek are restricted compared to the maximum potential flow rate. 

 Peaks in river flow can coincide with stormwater release from the property. 

 Overland flow paths discharge in four directions including (see Figure 7a to Figure 7e): 

 the northern portion of the Base to the north into the Bremer River 

 the western portion of the Base to the west into the Bremer River 

 the central and eastern portions of the Base to the east into the Bremer River 

 the southern portion of the Base to the south-west into Warrill Creek 

 Discharge of treated water from the Base STP flows into Frogs Hollow Gully, which 
discharges to Warrill Creek. Flows from the STP alone are not sufficient to maintain constant 
flow in Frogs Hollow Gully (and therefore discharge to the Warrill Creek is not constant). 

Estimated stormwater runoff from the Base into the Bremer River and Warrill Creek accounts for 
approximately 1-3 % of the water flowing in these watercourses during rainfall events (PB, 2014). The 
majority of stormwater runoff from the Base to the Bremer River and Warrill Creek is typically 
generated during the wet season from October to March. 
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During the DSI, 11 catchments and 27 drainage discharge points were identified through previous 
reports (Aurecon, 2013 & PB, 2014) and Defence National Spatial Information Management System. 
Detailed information on catchment areas and discharge points can be found in the DSI (CH2M, 2018). 

Water Use 

Three extraction licences exist downstream of the Base (one in Warrill Creek and two in the Bremer 
River) for the purposes of agriculture and irrigation. Due to the salinity concentrations ranging from 
500 – 5,000 mg/L and data from Water Use Survey (WuS) completed in 2017 is considered unlikely 
that surface waters were used for potable purposes. It was identified that water from the Bremer River 
is also used for industrial water supplies. 

Stock watering 

Beneficial use of groundwater in the Tertiary Formation has been reported as being limited to stock 
watering, due to high salinity levels (QLD Government Groundwater Database, 2018). Average yield 
is 0.65 L/s. Landowners who adjoin waterways have ‘riparian rights’ under the Water Act, that permit 
the owner of land adjoining a watercourse to take from that stream for stock watering or domestic 
purposes without a licence. The WuS identified properties that have access to water from the Bremer 
River, Warrill Creek or Purga Creek. It is important to note that stock watering from polluted 
waterways is related to risks that have the potential to become elevated identified in the HHRA. 

2.2.7 Flora and Fauna 

A study (CH2M, 2018) was undertaken to determine the likelihood of the presence of listed protected 
flora and fauna species, or suitable habitat to support such species, within the Base and ERA IA off-
Base. Ecological receptors which were identified included: 

 Mapped Remnant (pre-clearing) Regional Ecosystems under Queensland’s Vegetation 
Management Act 1999.  

 Koala habitat and koalas. 

 Threatened Ecological Communities (TECs), listed threatened species, listed migratory 
species and listed marine species (birds) under the Environment Protection and Biodiversity 
Conservation Act (EPBC) Act. 

 Threated species listed under the Nature Conservation (NC) Regulation 2006, including 
amphibians. 

 Domestic animals and livestock. 

A field survey was also undertaken to assess the condition and habitat value of remnant vegetation, 
to further refine the likelihood assessment and to collect samples of grass and Eucalypt leaves for 
analysis of PFAS. The desktop study and field survey undertaken identified a total of fifteen species 
listed under the EPBC Act that may potentially be present on-Base or within the IA off-Base. Based 
on their dietary preference and feeding behaviour, thirteen of these species were identified to be key 
ecological species for the ERA. The identified key ecological receptors are summarised in Table 2. 
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Table 2 Summary of Key Receptor Species 

Primary Consumers1 Secondary Consumers2 Tertiary Consumers3 

Koala 

Magpie Goose 

Australian Painted Snipe 

Grey-headed Flying Fox 

Oriental Cockatoo 

Latham’s Snipe 

Cattle Egret 

Rainbow Bee-eater 

Powerful Owl 

Red Goshawk 

Osprey 

White-bellied Sea-eagle 

Great Egret 

1. Herbivores that feed on plants. 

2. Animals that feed on primary consumers. This includes omnivores, insectivores and carnivores. 

3. Animals that are at the top of the food chain (often referred to as apex predators) and eat primary and secondary consumers. 
Tertiary consumers have no natural predators. 

Non-listed (common) fauna identified during the CH2M (CH2M, 2019) field investigation and historical 
report review included the Eastern Grey Kangaroo; Common Brushtail Possum; Sugar Glider; Squirrel 
Glider; and Wood Duck. 

Aquatic ecosystems 

Aquatic ecological values identified in the DSI and ERA, relevant to the Management Area, are: 

 Aquatic ecosystems including native aquatic fish species present in surface water such as 
creeks and rivers. 

 Mapped Groundwater Dependent Ecosystems (GDEs). These ecosystems require access to 
groundwater either permanently or on an intermittent basis to meet their water requirements. 

The Queensland Department of Agriculture and Fishery provided guidance on the species of edible 
fish that would likely be present within main watercourses of the DSI IA (CH2M, 2018). For the 
Bremer River, the edible species identified were Australian Bass; Threadfin Salmon; Yellowfin Bream; 
Mullet; Catfish and Long-finned Eel. For the Warrill Creek, these were: Australian Bass; Golden 
Perch; Silver Perch and Long-finned Eel. 

A more detailed overview of freshwater fish and crustacea within the Management Area is presented 
in the DSI (CH2M, 2018). 

2.2.8 Current and Projected Land Uses 

Land to the north, south and west of the Base is surrounded largely by rural residential areas and 
several urban suburbs (Figure 2). Land is used for grazing, some cropping, mining and small 
acreages/hobby farms. East of the Base, land uses changes from rural to industrial and residential 
approaching the City of Ipswich. Warrill Creek and the Bremer River form part of the boundary of the 
Base. Within the City of Ipswich, residential development and parkland areas are found adjacent to 
these watercourses. Kayaking, canoeing, fishing and swimming are popular recreational activities in 
these waterways. 

2.3 Management Area complexity scale 

Taking into account a range of factors that influence the scale and ability to manage identified risks, a 
rating scale associated with the complexity of the Management Area is provided in Table 3 below. 
Based on consideration of the characteristics and consequences outlined in this table the RAAF Base 
Amberley Management Area is rated as Large. 
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Table 3 Management Area Complexity 

 Characteristics Consequences 

Very 
Large 

 High number of identified risks 

 Multiple areas of contamination, both on-Base and 
off-Base 

 hydrogeological profile facilitates rapid migration of 
contamination 

 large impacted community 

 PMAP complex 

 Development / implementation timeframe: 
highly extended 

Large  Medium number of identified risks 

 Multiple areas of contamination, both on-Base and 
off-Base 

 Medium-sized impacted community 

 PMAP moderately complex 

 Development / implementation timeframe: 
extended 

Medium  Small-medium number of identified risks 

 Localised areas of contamination both on-Base 
and off-Base 

 PMAP simplified 

 Development / implementation timeframe: 
medium 

Small  Small number of identified risks 

 Contamination currently confined to isolated 
locations on-Base 

 Potential risk of contamination to a small number 
of sensitive receptors 

 Basic PMAP 

 Development / implementation timeframe: 
medium 

2.4 Extent of contamination 

2.4.1 Source areas 

The DSI identified 29 Confirmed Primary Source Areas (CPSAs) for PFAS on-Base which are shown 
in Figure 3. Following completion of the HHRA and ERA (and in consideration of the updated CSM 
for the Base), 15 of these source areas are considered relevant from the perspective of contributing 
materially towards risk. These source areas are identified below: 

Source areas with a high relative contribution toward risk: 

 CPSA A – Former Topside Aviation Fire Training Area and current Fire Training Area Pad  
 CPSA D – Sewage Treatment Plant 

Source areas with a moderate relative contribution toward risk: 

 CPSA N – Former Fire Station 
 CPSA V – AFFF Wastewater Holding Tank 
 CPSA W – Fire Fighting Training School 
 CPSA X – Former Structural and Open Pit Fire Training Area 

Source areas with a low relative contribution toward risk: 

 CPSA B - Hangar 410 (Building 410) and Former Landfill 
 CPSA C – Frogs Hollow Former Fire Training School  
 CPSA G – Former FTA and Operations Testing Area 
 CPSA J – Former Fire Training Area, Operations Testing Area and Bomb Replacement Apron 
 CPSA M – Former Fuel Farm 1 
 CPSA U – 33 Squadron Hangar 
 CPSA Y – Former Secondary Fire Training Area 
 CPSA DD – HS748 Former Fire Training Area on Disused Runway 
 CPSA CC – Former Landfill 
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2.4.2 Transport pathways and receptors 

Surface water and stormwater 

PFAS contaminated surface water primarily discharges from the Base to the east into the Bremer 
River, and south to Warrill Creek, through the Base stormwater drainage network and across land. 
Surface water on the Base is also discharged from the Base to the north west and north into the 
Bremer River, however the impact of PFAS in the Bremer River is much lower in these directions. 

The extraction and use of surface water (primarily for irrigation) and riverine flooding are considered 
the most important pathways for the transfer of PFAS in the Bremer River and Warrill Creek to off-
Base land within the IA. The highest concentrations of PFAS in surface water and sediment occur 
east and south of the Base and relate to PFAS in surface water and groundwater discharged from the 
Base in these directions. 

PFOS+PFHxS has been found to consistently exceed drinking water guidelines in the Bremer River 
east (downstream of major drainage point DP5) and south of the Base downstream of the Frogs 
Hollow discharge point into Warrill Creek. PFOS has been found to exceed ecological guidelines in 
these areas. PFAS has been found in surface water downstream of the confluence of the Bremer 
River and Warrill Creek to the boundary of the IA with concentrations that exceed drinking water and 
ecological guidelines.  

Substantially lower concentrations of PFAS have been detected in surface water and sediment north 
and west of the Base. Concentrations are below drinking water guidelines and recreational guidelines, 
and below ecological guidelines (95% species protection) in these areas. The source of PFAS in 
these areas are CPSAs on the Base, that discharge to the west and north. 

Groundwater 

PFAS contaminated groundwater in the Tertiary-Alluvium groundwater aquifer is primarily discharged 
from the Base to the east into the Bremer River, and south to Warrill Creek. Exceedances of the 
drinking water guideline were reported for groundwater samples analysed from downgradient 
monitoring wells adjacent to the southern and eastern Base boundaries. Based on the distribution of 
PFAS in groundwater in the Alluvium and Tertiary Formation, it is expected that there is horizontal 
migration in groundwater along the direction of the prevailing groundwater hydraulic gradients. 

Four areas with >100 ug/L PFOS concentrations in groundwater were identified in the DSI. The areas 
are located at the north-central portion of the active Base area at Major CPSA U and Minor CPSA V 
(33 Squadron Hangar and AFFF Wastewater Holding Tank), the central portion of the active base 
area at Major CPSAs M and N (Former Fuel Farm and Former Fire Station), to the east of the cross 
runway and in the south-east near the STP. The general PFOS concentration contour trend observed 
tends to a reduction in concentration toward the boundary of the Base.  

PFAS were found in groundwater off-Base south of Warrill Creek, and north of the confluence of the 
Bremer River and Warrill Creek. Where PFOS+PFHxS have been detected in groundwater, 
concentrations have been below drinking water guidelines and recreational guidelines with the 
exception of one monitoring well located east of the Base close to Warrill Creek. At this monitoring 
well, PFOS+PFHxS exceeded the drinking water guideline and was below recreational guideline. 

There is a substantial reduction in PFAS concentrations in groundwater off-Base in comparison to 
surface water in Warrill Creek and the Bremer River. This shows that PFAS impact in groundwater off-
Base is limited. PFAS were not detected in groundwater north and west of the Base. 
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Based on the presence of PFAS in the Tertiary Formation and Walloon Coal Measures in several 
portions of the site, there does appear to be vertical migration of PFAS to these deeper aquifer zones. 
Further details regarding this are presented in the DSI. 

Sewerage system 

The sewer network on-Base drains to the Base STP located in the south eastern corner of the Base 
at Frogs Hollow Gully. The Base STP operates continually and discharges treated water into Frogs 
Hollow Gully at a rate of approximately 5-8 L/s during dry weather and 40 L/s during wet weather 
flows. In turn, Frogs Hollow Gully discharges to Warrill Creek (albeit during dry periods the discharge 
from the STP is not enough to maintain constant flow within Frogs Hollow Gully, therefore discharge 
to Warrill Creek is not continuous). Solid waste streams from the Base STP are disposed off-Base by 
a licensed waste carrier to an appropriately licensed waste disposal facility. Water quality monitoring 
at the Base STP in 2015-16 confirmed the presence of PFAS in the effluent with PFOS 
concentrations ranging from 1.22 to 4.66 μg/L, and PFOA from 0.25 to 0.57 μg/L. 

Aurecon reported that Base personnel had advised that there is a history of sewage overflow at 
manholes located at low points during wet weather (Aurecon, 2013). Accordingly, interconnectivity 
between the stormwater and sewerage system is present. An investigation of the sewer network by 
Aurecon identified surface water infiltrating into manhole covers along John Ward Way as potential 
location for PFAS contamination entering the sewer network (Aurecon, 2017). 

In late 2017, the Base completed manhole sealing on the Base, and subsequently, the STP reportedly 
no longer experienced higher flow during storm events. Prior to the manhole sealing, the flow through 
the STP, had been triple the volume to that that was being experienced following the sealing for 
similar sized storm events (CH2M, 2018). This indicated a likely reduction in volume of potentially 
PFAS contaminated surface water passing through and discharging from the Base STP following the 
sealing. 

Additionally, there are plans to upgrade the STP. It is anticipated that this will occur in the coming 
years with the design and location of the new STP yet to be confirmed. CH2M recently completed an 
additional soil investigation for the STP (CH2M, 2020a) and this has been used to inform proposed 
management actions described later in this document.  

2.5 Groundwater use 

A search of the QLD Government’s Groundwater Database identified 39 registered bores within 1 km 
of the Base and 19 registered bores within 1-2 km. The majority of these registered bores are 
installed in the alluvium; however, there are a number of other lithologies noted on the bore 
registrations. The majority of the bores are existing and are used for water supply or investigation 
purposes, with a recorded standing water level (SWL) ranging from 4.80–13 m BGL.  

The QLD Government Groundwater Database indicates that groundwater in the Tertiary Formation is 
saline and has an average yield of 0.65 L/s. Beneficial use of groundwater in the Tertiary Formation 
has been reported as being limited to stock watering. 

Groundwater is not currently abstracted for use on-Base.  

A WuS was completed of landowners within the IA in 2017. The WuS confirmed that groundwater is 
not used for drinking water supply in the IA. Drinking water is sourced from either mains water or from 
rainwater tanks. 

Uses of extracted groundwater from bores (and surface water from the Bremer River and Warrill 
Creek) include the following: 

 Stock watering for domestic and international cattle export, including cattle 
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 Stock watering for animals and pets including horses and alpacas 
 Water for poultry 
 Irrigation of fruit and vegetable gardens 
 Irrigation of crops, including crops used as feed for stock and vegetable crops sold 

commercially 
 Lawn irrigation 
 General outdoor use (e.g. car and machinery washing) 
 Filling of private water storages dams 
 Filling of a swimming pools 

2.6 Relevant legislation and government policy 

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

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

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

Other key drivers and constraints impacting upon response management include: 

Key drivers 

Where on-Base contaminant sources are migrating off-Base there are obligations under the 
Environmental Protection Act, 1994 (Qld) (EP Act) to protect Queensland’s environment. Specific 
obligations to meet general environmental duty to prevent environmental harm under the EP Act are 
discussed in Appendix A. 

The Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (Qld) aims to achieve the 
object of the EP Act in relation to waters and wetlands by: 

 identifying environmental values for waters and wetlands 
 identifying management goals for waters 
 stating water quality guidelines and water quality objectives to enhance or protect the 

environmental values 
 providing a framework for making consistent, equitable and informed decisions about waters 
 monitoring and reporting on the condition of waters 

Key constraints 

Licencing 

Under the EP Act, activities which have the potential to damage the environment are known as 
environmentally relevant activities (ERAs). Anyone carrying out an ERA must be licensed under the 
Act. Point source and sewerage system discharges from an environmentally relevant activity must be 
licensed under the EP Act. Further discussion is presented in Appendix A. 

Waste transport 

In Queensland, regulated wastes (liquids and solids, including soils and biosolids) containing PFAS 
are only to be moved by an appropriately licenced transporter and tracked. Regulated wastes 
containing PFAS are to be tested to appropriately classify the waste type and determine waste 
management options and approved waste receiving facilities. This has been implemented in 
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Queensland from 4 February 2019 following amendments to the Environmental Protection Regulation 
2008. The amended EP (Regulated Waste) Regulation has a PFAS threshold level of zero in 
contaminated waste (solid and liquid). Further discussion is presented in Appendix A. 

Native vegetation protection 

The Planning Act 2016 regulates new development, including areas of South East Queensland 
identified as having important koala habitat values. The Planning Regulation 2017 (Schedule 11) 
prohibits the clearing of bushland habitat in priority koala habitat areas. 

PFAS management actions which include proposals for vegetation clearing may trigger State 
development approvals in the Planning Regulation 2017 (Qld). 

Cultural Heritage Duty of Care 

The Aboriginal Cultural Heritage Act 2003 affords blanket protection of Cultural Heritage and establish 
a duty of care that requires all persons to take reasonable and practicable steps to prevent harm to 
Cultural Heritage. PFAS management actions (such as earth works near waterways) will need to 
assess the likelihood of damage to Cultural Heritage, and the nature and extent of past land use and 
design approaches to avoid and minimise impacts to Cultural Heritage. 

Relevant legislation in Queensland 

 Aboriginal Cultural Heritage Act 2003 (Qld)  
 Biosecurity Act 2014 (Qld)  
 Environmental Offsets Act 2014 (Qld 

 Environmental Offsets Regulation 2014, Schedule 1 Prescribed Activities 
 Environmental Protection Act 1994 (Qld) 

 Environmental Protection Regulation 2019,  
 Environmental Protection (Air) Policy 2019 
 Environmental Protection (Noise) Policy 2019 
 Environmental Protection (Water and Wetland Biodiversity) Policy 2019 

 South East Queensland (SEQ) Healthy Waterways Strategy 2007‐2026 
 Queensland Urban Utilities (QUU) Water Netserv Plan 2013 

 Nature Conservation Act 1992 (Qld) 
 Planning Act 2016 (Qld) 

 Planning Regulation 2017 (Qld) 
 State Government Supported Infrastructure Koala Conservation Policy (2017) (Qld) 

 Public Health Act 2005 (Qld) 
 Queensland Heritage Act 1992 (Qld) 
 Soil Conservation Act 1986 (Qld) 

 Ipswich City Council, Soil Management Guidelines 
 Ipswich City Council, Soils of Ipswich Field Guide 

 Vegetation Management Act 1999 (Qld) 
 Vegetation Management Regulations 2000 (Qld) 

 Water Act 2000 (Qld) 
 Waste Reduction and Recycling Act 2011 (Qld) 

 Environmental Protection (Regulated Waste) Amendment Regulation 2018 (Qld) 
 Work Health and Safety Act 2011 (Qld) 

2.7 Interim response management actions / existing institutional controls 

This section sets out the response actions and institutional controls commenced or in place for the 
management during the investigation phase and assesses their contribution to management of the 
identified risks that have the potential to become elevated. 
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2.7.1 Interim response actions 

No interim response management (IRM) actions have been undertaken as part of the PFAS 
investigation. 

2.7.2 Institutional controls 

IRM ACTION 
Recommendation 

Continue / Terminate 
REASON 

1. Precautionary signage installed on 
the Bremer River and Warrill Creek in 
the Management Area at the request of 
Queensland Government 

Continue HHRA findings indicated potential for elevated 
exposure above the TDI following the 
consumption of finfish and shellfish caught in 
the waterways near the Base. Reduce 
exposure recommended through catch and 
release advice. 

2. Precautionary signage extended on 
three dams at local recreational facility 
(identified as WuS_ID_08) at the 
request of Queensland Government 

Continue In response the land owner of WuS_ID_08 
(used for sports and recreation), contacting the 
Defence project line requesting precautionary 
signage installation on three water dams, where 
people regularly catch fish. Surface Water 
sampled from dams on WuS_ID_08 exceeded 
Health guideline values for PFAS. 

3. Precautionary signage extended on 
the Bremer River to Cribb Point at the 
request of Queensland Government 

Continue Expanded sampling of aquatic biota for the 
HHRA identified potential for elevated exposure 
above the TDI following consumption of finfish 
and shellfish caught in further downstream of 
the Bremer River to the extents of the 
Management Area. 

4. Restriction on on-Base groundwater 
use for potable water supply, and use 
for irrigating food crops.  

Continue The HHRA identified a potential future risk 
associated with the use of groundwater at the 
Base for potable water supply. It is noted that 
the Base is currently supplied by mains water. 
Contamination of groundwater will be recorded 
in the Contaminated Sites Register for the 
Base. This will provide a reference for Base 
operations in order that this potential future risk 
can be appropriately managed.   

2.8 Stakeholders 

The Amberley Environmental Investigation Project is complex impacting and involving a large number 
of stakeholders. The project’s key stakeholder groups include: 

 Defence personnel 
 Landowners and residents within the Management Area 
 Landowners and residents adjacent to the Management Area 
 Business within the Management Area 
 Business adjacent to the Management Area 
 Traditional Landowners 
 Community Groups 
 Commonwealth government agencies 
 State government departments 
 Local government 
 Politicians and elected representatives 
 Media 
 General public 
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Stakeholder Engagement Actions 

Defence has proactively collaborated with Commonwealth, State and local authorities to conduct the 
Amberley Environmental Investigation and to respond to PFAS contamination. The Amberley 
Environmental Investigation Project Stakeholder and Community Engagement Plan (SCEP) is the 
strategic document through which stakeholders are consulted. 

To date engagement has been focused on providing timely and accurate information to: 

 support stakeholders understanding of the contamination issue and investigation 
 obtain information about and access to land within and surrounding the Management Area 
 communicate how stakeholders can participate in the investigation or obtain further 

information 
 understand if and how individuals, groups or agencies may have been impacted 
 understand and respond to key concerns, questions and requests, and 
 communicate the outcomes of the investigation and detail the next steps 

Key stakeholder engagement activities employed on the Amberley Environmental Investigation 
Project to date include: 

 Established and maintained project communication channels: 
 Information line (free call 1800 number) 
 Project email address 
 Defence website page 

 A project database was set up to record community interactions 
 Water and land use surveys were completed 
 Letter box drops were performed 
 Bulk email and newsletters sent to community members and stakeholders 
 Results letters were provided to off-site properties where sampling has been performed 
 Queensland Government Reporting was undertaken 
 Project Fact Sheets were prepared 
 Defence Base Presentations and Q&A sessions were held 
 Community information sessions were held 
 Government briefings and presentations were held 
 Key stakeholder briefings were completed 
 Individual meetings with local landowners and residents 

Future Stakeholder and Community Engagement 

The importance of maintaining ongoing liaison / communication with the community and Queensland 
Technical Working Group (TWG) after the completion of the investigation phase is recognised. On 
this basis, a provision has been made within the scope of the OMP service provider to undertake 
future engagement. The engagement with the community and TWG will seek to inform on the ongoing 
monitoring results through to remedial management actions where required. Based on previous 
engagement with the local community, this liaison will be tailored to maintain continuity of information 
updates. 
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3 PMAP METHODOLOGY AND APPROACH 

3.1 Overview of approach 

This PMAP conforms with the PFAS National Environmental Management Plan. The Queensland 
Technical Working Group has been consulted in the development of the PMAP. 

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

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

3.2 Identify risks and consequences (Chapter 4) 

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

3.3 Prepare Ongoing Monitoring Plan (Chapter 5) 

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

3.4 Develop risk management options (Section 6.1) 

Management option/s were identified to address each of the risks identified in Chapter 4. The list of 
options has been informed by a range of information and research, both general and specific to the 
Management Area. Management Area-specific information includes: 

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

The management options include  

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

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

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) 

An initial list of potential management options was developed and screened to identify options for 
detailed analysis. The management options each address one or more of the identified risks and 
therefore the risks were grouped into six separate ‘risk groups’: 
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 Risk Group 1 – CPSA A and N, located within the RAAF Base Amberley Management Area  
 Risk Group 2 – CPSA A, C, G, W, X, CC located within the RAAF Base Amberley 

Management Area 
 Risk Group 3 – Risks relevant to Warrill Creek 
 Risk Group 4 – Risks relevant to properties adjacent Warrill Creek  
 Risk Group 5 – Risks relevant to Bremer River 
 Risk Group 6 – Risks relevant to properties adjacent Bremer River 

The basis for nominating the above risk groups is presented in Section 4. Risk groups are presented 
spatially on Figure 4.  

For each risk source area and for each management option, the following analysis was undertaken: 

C. Cost / effectiveness / impact analysis 

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

institutional controls) 

D. 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 

E. Defence implications 

12 Defence capability 
13 Project fit 
14 Scalability 

F. Stakeholder impacts, views and consents 

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

G. Comparative analysis 

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

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

3.6 Integrated options analysis (Section 6.3) 

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

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

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

3.7 Recommendations analysis (Section 7.1) 

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

4.1 Source / pathway / receptor analysis 

An overview discussion of PFAS sources, transport pathways and receptors is provided in Section 
2.4. More information, including a detailed CSM, is provided in the DSI. Refinements have been made 
to the CSM following the HHRA and draft ERA outcomes and key elements are summarised in this 
section. A visualisation of the refined CSM is also provided in Appendix C. 

Table 4 provides an overview of the source – pathway – receptor linkages that have been identified at 
the Base and surrounding area, as well as the relative contribution each source area is believed to be 
making toward identified risks that have the potential to become elevated. This summary is 
supplemented by further details regarding exposure pathways and receptors in Section 4.1.2 to 4.1.5. 

Table 4 Source – pathway – receptor overview 

Source Pathway / Exposure Receptors Relative Risk 
Contribution 

CPSA A – Former Topside 
Aviation Fire Training Area 
and current Fire Training 
Area Pad. 

Direct contact with soil 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (on 
and off-Base) 

Ecological receptors (on 
and off-Base) 

High 

CPSA D – Sewage 
Treatment Plant 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

High 

CPSA N – Former Fire 
Station 

Direct contact with soil 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (on 
and off-Base) 

Ecological receptors 
(off-Base) 

Moderate 

CPSA V – AFFF 
Wastewater Storage Tank 

Migration in groundwater Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Moderate 1 

CPSA W – Fire Fighting 
Training School 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Moderate 

CPSA X – Former 
Structural and Open Pit 
Fire Training Area 

Migration in groundwater 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Moderate 
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Source Pathway / Exposure Receptors Relative Risk 
Contribution 

CPSA B - Hangar 410 
(Building 410) and Former 
Landfill 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Low 

CPSA C – Frogs Hollow 
Former Fire Training 
School  

Migration in groundwater 

Migration via stormwater 
drains / channels 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Low 

CPSA G – Former FTA and 
Operations Testing Area 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Low 

CPSA J – Former Fire 
Training Area, Operations 
Testing Area and Bomb 
Replacement Apron 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

Low 

CPSA M – Former Fuel 
Farm 1 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

Low 

CPSA U – 33 Squadron 
Hangar 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

Low 

CPSA Y – Former 
Secondary Fire Training 
Area 

Migration in groundwater 

Infiltration into and then 
migration via the Base sewer 
system 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

Low 

CPSA DD – HS748 Former 
Fire Training Area on 
Disused Runway 

Migration in groundwater 

Migration via stormwater 
drains / channels 

Human receptors (off-
Base) 

Ecological receptors (on 
and off-Base) 

Low 

CPSA CC – Former Landfill  Migration in groundwater 

Migration via stormwater 
drains / channels 

Human receptors (off-
Base) 

Ecological receptors 
(off-Base) 

Low 

NOTES: 

1. The relative risk contribution for CPSA V (AFFF Holding Tank) is inferred to be ‘moderate’ at this 
stage, although it is noted that this source area is the subject of proposed further assessment. 
This relative potential risk contribution will be re-assessed on the basis of the information 
gathered as part of this additional assessment. 
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4.1.1 Sources 

The following Major source areas were identified at the Base as part of the DSI and are believed to be 
contributing most significantly towards reported PFAS concentrations in soil, surface water and 
groundwater at the Base, and key drivers of estimated exposure risks relating to human health and 
the environment: 

Source areas with a high relative contribution toward risk: 

 CPSA A – Former Topside Aviation Fire Training Area and current Fire Training Area Pad. 
 CPSA D – Sewage Treatment Plant 

Source areas with a moderate relative contribution toward risk: 

 CPSA N – Former Fire Station 
 CPSA V – AFFF Wastewater Holding Tank 
 CPSA W – Fire Fighting Training School 
 CPSA X – Former Structural and Open Pit Fire Training Area 

Source areas with a low relative contribution toward risk: 

 CPSA B - Hangar 410 (Building 410) and Former Landfill 
 CPSA C – Frogs Hollow Former Fire Training School 
 CPSA G – Former FTA and Operations Testing Area 
 CPSA J – Former Fire Training Area, Operations Testing Area and Bomb Replacement Apron 
 CPSA M – Former Fuel Farm 1 
 CPSA U – 33 Squadron Hangar 
 CPSA Y – Former Secondary Fire Training Area 
 CPSA DD – HS748 Former Fire Training Area on Disused Runway 
 CPSA CC – Former Landfill 

Further detail on the Major CPSAs is provided in the DSI. It is noted that the contribution to risk for 
each CPSA that has been identified above is a subjective assessment. Factors assessed when 
evaluating the contribution to risk for each CPSA include the maximum PFOS+PFHxS concentrations 
identified, estimated volume of soil within the CPSA, and the estimated mass of PFOS in soil relative 
to the other CPSAs. 

Several other potential source areas were investigated during the DSI, although PFOS+PFHxS 
concentrations in soil were generally lower than the Major CPSAs outlined above and / or presenting 
as lower determinants of risk (either to human health or the environment). Furthermore, a number of 
potential source areas were identified during the development of the CSM, but soil sampling was not 
performed at these areas due to access limitations and other operational factors as outlined in the 
DSI. 

4.1.2 Potential Human Receptors 

Potential human receptors, as identified in the DSI (CH2M, 2018), include: 

 Groundwater or surface water users for irrigation, filling of surface water dams, livestock 
watering and general use 

 Recreational users of Warrill Creek and Bremer River 

 Consumers of fish from the creeks and rivers  

 Consumers of meat and eggs from livestock and chickens that have been watered with or had 
contact with impacted water, soils or sediment 
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 Consumers of produce from land where groundwater or surface water is used for irrigation 

 Recreational users of riverbank areas 

 Farmers who work in riverbank areas 

 Contractors involved in off-Base maintenance works who come into contact with groundwater 
or surface water  

 Defence personnel involved in training or operational activities who come into contact with soil 

 Defence personnel/contractors involved in on-Base maintenance activities, such as clearing 
of stormwater drains or grass clearing who may come into contact with soil 

 Contractors involved in construction and maintenance works who many come into contact 
with any potentially contaminated media including soil, perched groundwater, surface water or 
sediment. 

4.1.3 Potential Ecological Receptors 

Potential ecological receptors, as identified in the DSI (CH2M, 2018), include: 

 Aquatic ecosystems in the Bremer River and Warrill Creek and GDEs 

 Terrestrial ecosystems on- and off-Base, including species that consume terrestrial and 
aquatic biota as food sources 

 Livestock that consume pasture or feed that have been irrigated with groundwater or surface 
waters from the Bremer River and Warrill Creek 

 Domestic animals that may access the rivers and/or adjacent areas 

4.1.4 Exposure Pathways – Human Receptors 

Potential exposure pathways in relation to human receptors, as identified in the DSI (CH2M, 2018), 
include: 

 Bioaccumulation of PFAS in fish and/or other edible species from the Bremer River or Warrill 
Creek and subsequent human consumption 

 Consumption of crops/garden produce off-Base that have been irrigated/watered with 
contaminated groundwater from groundwater bores 

 Consumption of livestock/cattle/poultry (including eggs) that have:  

 been watered with contaminated groundwater or surface waters and/or  

 ingested crops/grasses that have been irrigated/watered with contaminated groundwater 
from off-Base groundwater bores or surface waters 

 Direct contact (ingestion/dermal) with surface waters and sediments in the Bremer River and 
Warrill Creek off-Base 

 Direct contact (ingestion/dermal) with groundwater off-Base 

 Direct contact (ingestion/dermal) with surficial soils, sediments and surface waters 

 Direct contact (ingestion/dermal) with perched groundwater on-Base, if present 

4.1.5 Exposure Pathways – Ecological Receptors 

Potential exposure pathways in relation to ecological receptors, as identified in the DSI (CH2M, 2018), 
include: 

 Direct contact (ingestion/dermal contact) with soil, surface water and sediments on- and off-
Base, including within the Bremer River and Warrill Creek 

 Secondary toxicity and bioaccumulation effects for other species consuming terrestrial or 
aquatic biota 
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4.2 Risk listing and consequences 

Risks that have potential to become elevated are listed Table 5. .
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Table 5 Risk listing and consequence 

ID Risk Description Nature of 
risk 

Relevant Risk Group Risk 
Timescale 

1 Incidental direct contact with 
PFAS in soil and sediment  

Soils within CPSA A and N contain elevated concentrations of PFAS 
which presents a risk to Base personnel and contractors who are 
involved in regular soil disturbance activities 

Human 
health 

Risk Group 1 – CPSA A and N, located 
within the RAAF Base Amberley 
Management Area 

Current 

2 Human consumption of fish 
caught from local waterways 

PFAS has been detected in fish and crustaceans collected from Warrill 
Creek and Bremer River. Current Queensland Health advice is not to 
consume fish caught in the Investigation Area due to presence of 
PFAS 

Human 
health 

Risk Group 3 – Warrill Creek  

Risk Group 5 – Bremer River 

Current 
(although 
precautionary 
advice in place) 

3 Consumption of eggs by 
children 

PFAS has been detected in soils on private properties and in water 
that has historically been used for irrigation. This exposure risk applies 
to properties where chickens have regular access to PFAS in soil or 
where water containing PFAS is used for irrigation 

Human 
health 

Risk Group 4 – Properties adjacent to 
Warrill Creek 

Current  

4 Consumption of home-
slaughtered beef meat  

PFAS has been detected in soils on private properties and in water 
that has historically been used for irrigation. This exposure risk applies 
to properties where cattle have regular access to PFAS in soil / 
sediment / pasture, or where water containing PFAS is used for 
irrigation 

Human 
health 

Risk Group 4 – Properties adjacent to 
Warrill Creek 

Current  

5 Consumption of home-
slaughtered beef offal (liver 
and / or kidney) 

PFAS has been detected in soils on private properties and in water 
that has historically been used for irrigation. This exposure risk applies 
to properties where cattle have regular access to PFAS in soil / 
sediment / pasture, or where water containing PFAS is used for 
irrigation 

Human 
health 

Risk Group 4 – Properties adjacent to 
Warrill Creek 

Current  

6 Multiple exposure pathways Multiple exposure pathways that relate to the cumulative risks 
associated with the consumption of fish, eggs and beef products as 
identified in Risk ID 3 - 6 above and the incidental direct contact with 
water and swimming in the Bremer River and Warrill Creek.  

Human 
health 

Risk Group 3 – Warrill Creek 

Risk Group 4 – Properties adjacent to 
Warrill Creek 

Risk Group 5 – Bremer River 

Risk Group 6 – Properties adjacent to 
Bremer River 

Current 

7 Direct toxicity to terrestrial 
ecosystems 

Concentrations of PFOS in soils, sediments and some grass samples 
on-Base exceeded investigation criteria for ecological direct exposure 
(HEPA, 2018). As such, adverse effects on ecological receptors 
cannot be excluded.  

Ecological 
risk 

Risk Group 2 – CPSA A, C, G, W, X, DD, 
located within RAAF Base Amberley 
Management Area 

Current 
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8 Bioaccumulation and effects 
on higher order consumers 
within terrestrial ecosystems  

Concentrations of PFOS in soils, sediments and some grass samples 
on- and off-Base exceeded investigation criteria for ecological direct 
exposure (95% species protection) (HEPA, 2018). As such, adverse 
effects on ecological receptors cannot be excluded.  

Ecological 
risk 

Risk Group 2 – CPSA A, C, G, W, X, DD, 
located within RAAF Base Amberley 
Management Area  

Current 

9 Direct toxicity to aquatic 
ecosystems 

Concentrations of PFOS in surface water exceeded investigation 
criteria for ecological direct exposure (HEPA, 2018). As such, adverse 
effects on ecological receptors cannot be excluded.  

Ecological 
risk 

Risk Group 3 – Warrill Creek  

Risk Group 5 – Bremer River 

Current 

10 Bioaccumulation and effects 
on higher order consumers 
within aquatic ecosystems  

Concentrations of PFOS in surface water exceeded investigation 
criteria for ecological direct exposure (HEPA, 2018). As such, adverse 
effects on ecological receptors cannot be excluded. 

Ecological 
risk 

Risk Group 3 – Warrill Creek  

Risk Group 5 – Bremer River 

Current 
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5 ONGOING MONITORING PLAN 

5.1 Overview 

The Management Area OMP monitors changes to the contamination plume and surface water 
contamination characteristics to inform changes to risk management where required.  

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

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

5.1.1 Objective and purpose 

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

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

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

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

5.1.2 Impacted decisions 

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

 additional investigations  

 re-assessment of one or more remediation or containment actions 

 additional remediation or containment actions 

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

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

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

 changes or refinements to the monitoring network, frequency and parameters 

5.1.3 Related documentation 

The implementation of the OMP will be guided by a Sampling Analysis and Quality Plan (SAQP) that 
will be developed in advance of monitoring activities commencing. This document will outline the 
specific activities that will be performed as part of the monitoring. 

Specifically, the SAQP will include: 

 Introduction including background and summary of previous investigations; 
 Site setting and conceptual site model; 
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 Data Quality Objectives as detailed within the OMP, and a description of any inclusions or 
deviations from the objective or scope; 

 Field work sampling methodology, equipment and laboratory analysis; 
 Waste management; 
 Quality Assurance/Quality Control procedures; and  
 Fieldwork Documentation. 

5.2 OMP communications 

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

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

5.3 OMP summary 

The OMP sampling program is provided in Attachment 1, and comprises:  

 Surface water and sediment sampling at 50 locations including Base stormwater discharge 
points, on-Base drainage lines, Frogs Hollow Gully, Warrill Creek and the Bremer River 

 Groundwater sampling at 39 on-Base locations across the Base and 6 off-Base locations 
 Continuous water level monitoring in approximately 12 wells 

Surface water and groundwater samples will be collected and analysed for PFAS twice per year, 
targeting the end of wet and dry season periods.  Measured PFAS concentrations will be compared to 
the screening criteria published in the PFAS NEMP and detailed in the OMP. 

The primary implementation period of the OMP will be three years. After this time the extended 
implementation period of the OMP will be reviewed to assess the extent of the monitoring network 
and frequency of monitoring that may be required. This review will be based on the specific 
characteristics of the Management Area, an assessment of PFAS concentration for relevant media in 
consideration of measured data trends, and the revision of risk that may occur based on the 
assessment of results obtained from the monitoring or the outcomes of management actions that may 
be implemented. 

5.4 OMP review 

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

6.1 Options identification and analysis 

A screening assessment of potential management options was undertaken and is detailed in 
Appendix E, Section E.1. This screening assessment identified a total of nine options for further 
assessment. The options considered for further assessment are summarised in Table 6 with detailed 
descriptions of each presented in Appendix E, Section E.2. With applicable options identified, an 
options assessment was undertaken whereby each option was assessed against the six risk groups 
described below. The options assessment (which is presented in Appendix E, Section E.3) 
considered a range of criteria presented in Appendix D that relate to: 

 Cost, effectiveness and impact analysis  
 Risk based analysis 
 Defence implications 
 Stakeholder impacts, views and consents 

As noted in Section 3.5, the risks that have the potential to become elevated identified in the HHRA 
and ERA were grouped into six separate risk groups. The applicable management options for each 
risk group are also presented in Table 6 with detailed assessment in Appendix E, Section E.3.  

It is important to note that this PMAP only considers management actions that can be undertaken on 
the Defence estate. Management actions that are required off-Base will be implemented in 
consultation with the Technical Working Group.  

The risk groups consider the following risks that have the potential to become elevated identified in 
the ERA and HHRA (refer to Table 5 for further details for each risk ID): 

Risk Group 1 – CPSA A and N, located within the RAAF Base Amberley Management Area 

 Human health risk: Incidental direct contact with PFAS in soil and sediment (Risk ID 1) 

Risk Group 2 – CPSA A, C, G, W, X, CC located within the RAAF Base Amberley Management Area 

 Ecological health risk: Direct toxicity to terrestrial ecosystems (Risk ID 7) 
 Ecological health risk: Bioaccumulation and effects on higher order consumers within 

terrestrial ecosystems (Risk ID 8) 

Risk Group 3 – Warrill Creek 

 Human health risk: Human consumption of fish caught from local waterways (Risk ID 2) 
 Human health risk: Multiple exposures (cumulative) including the consumption of home-grown 

eggs and beef products, fish and crustaceans from waterways, incidental direct contact with 
water and swimming in waterways (Risk ID 6) 

 Ecological health risk: Direct toxicity to aquatic ecosystems (Risk ID 9) 
 Ecological health risk: Bioaccumulation and effects on higher order consumers within aquatic 

ecosystems (Risk ID 10) 

Risk Group 4 – Properties adjacent Warrill Creek 

 Human health risk: Consumption of eggs by children (Risk ID 3) 
 Human health risk: Consumption of home-slaughtered beef meat (Risk ID 4) 
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 Human health risk: Consumption of home-slaughtered beef offal (liver and / or kidney) (Risk 
ID 5) 

 Human health risk: Multiple exposures (cumulative) including the consumption of home-grown 
eggs and beef products, fish and crustaceans from waterways, incidental direct contact with 
water and swimming in waterways (Risk ID 6) 

Risk Group 5 – Bremer River 

 Human health risk: Human consumption of fish caught from local waterways (Risk ID 2) 
 Human health risk: Multiple exposures (cumulative) including the consumption of home-grown 

eggs and beef products, fish and crustaceans from waterways, incidental direct contact with 
water and swimming in waterways (Risk ID 6) 

 Ecological health risk: Direct toxicity to aquatic ecosystems (Risk ID 9) 
 Ecological health risk: Bioaccumulation and effects on higher order consumers within aquatic 

ecosystems (Risk ID 10) 

Risk Group 6 – Properties adjacent Bremer River 

 Human health risk: Multiple exposures (cumulative) including the consumption of home-grown 
eggs and beef products, fish and crustaceans from waterways, incidental direct contact with 
water and swimming in waterways (Risk ID 6) 

Based on the options assessment, preferred management actions to address each of the six risk 
groups were identified.  

No source or pathway controls are considered applicable for off-Base areas of land adjacent to Warrill 
Creek (Risk Group 4) and adjacent to the Bremer River (Risk Group 6). This is discussed further in 
Section 6.2. 

In relation to management action options related to PFAS discharges in sewer, the options assessed 
focus on reducing the infiltration of PFAS to sewer on-Base. This aligns with Defence prioritisation of 
source and pathway controls over receptor controls 
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Table 6 Summary of management options identified for further assessment 

Options identified for further assessment Applicability to risk group 

Risk Group 1 Risk Group 2 Risk Group 3 Risk Group 4 Risk Group 5 Risk Group 6 

On-base source management 

1. Capping / hydraulic isolation Preferred Applicable  Applicable Not applicable Applicable  Not applicable 

2. Excavation and on-site stabilization of soil Applicable Applicable Applicable Not applicable Applicable Not applicable 

3. Excavation and on-site treatment of soil Applicable Applicable Applicable Not applicable Applicable Not applicable 

4. Excavation and on-site containment of soil Applicable Applicable Preferred Not applicable Applicable Not applicable 

5. Excavation and off-site treatment or disposal of soil Applicable Applicable Applicable Not applicable Applicable Not applicable 

On-base pathway management 

6. Restriction of PFAS infiltration to sewer or stormwater  Not applicable Not applicable Preferred Not applicable Preferred Not applicable 

7. Ex-situ treatment of stormwater Not applicable Not applicable Applicable Not applicable Applicable Not applicable 

8. Ex-situ treatment of groundwater Not applicable Not applicable Applicable Not applicable Applicable Not applicable 

Receptor management 

9. Administrative Controls & Precautionary advice Preferred Preferred N/A  N/A N/A N/A 

Notes 

Management Options are further outlined in Section 6.2 

Risk Group 1 – CPSA A and N, located at RAAF Base Amberley  

Risk Group 2 – CPSA A, C, G, W, X, CC located at RAAF Base Amberley  

Risk Group 3 – Warrill Creek, including CPSA D 

Risk Group 4 – Properties adjacent Warrill Creek  

Risk Group 5 – Bremer River 

Risk Group 6 – Properties adjacent Bremer River 

Receptor management options for off-Base receptors within Risk Group 3 to Risk Group 6 have not been assessed, as the PMAP only considers on-Base management actions. Any management 
actions that may be required off-Base are done at the request of, and in liaison with, the Queensland Government 
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6.2 Comparative analysis 

6.2.1 Do Nothing” Option 

The DSI, and in particular the HHRA and ERA, have identified potentially elevated risks to human 
health and the environment based on use of the land and water at the Base and in the surrounding 
area. On this basis, the “do nothing” option cannot be justified and management actions to reduce 
these potentially elevated risks are required.  

Furthermore, Queensland’s Environmental Protection Act 1994 states that all persons undertaking 
activities must meet a general environmental duty to ensure that any risks to human health and the 
environment are managed so that the risk of harm is minimised.  

On the basis of the above, the “do nothing” option is not considered appropriate and will therefore not 
be considered further. 

6.2.2 Discussion on preferred management approaches 

Table 7 provides a summary of preferred management options and discussion. 
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Table 7 Summary of preferred management options and discussion 

Response Type Area Preferred option to reduce risk Discussion 

Source 
Management 

Major Source Areas: 

 CPSA A - Former Topside 
Aviation Fire Training Area 
and current Fire Training 
Area Pad 

 CPSA N – Former Fire 
Station 

The preferred source management 
approach for these areas is: 

 Selective capping of stockpiles or 
areas of exposed soils that contain 
high concentrations of PFAS in 
order to reduce lateral / vertical 
migration of PFAS into 
stormwater, sewer and / or 
groundwater 

Combined with pathway management 
controls comprising:  

 Restriction of PFAS infiltration into 
the existing sewer and stormwater 
network to reduce conveyance of 
PFAS from source areas towards 
the Base boundaries 

And supplemented by receptor 
management controls including: 

 Implementation of administrative 
controls to manage risks to base 
personnel undertaking regular soil 
disturbance activities  

Relevant Risk Groups: 

 Risk Group 1 

 Risk Group 3 (part) 

 Risk Group 5 (part) 

CPSA A and CPSA N have the highest PFAS concentrations in soils reported at the 
Base. However, it is noted that soil containing the highest concentrations of PFAS at 
CPSA N may have been relocated to CPSA A as part of the BFA project, although this 
cannot be validated at this stage.  

The preferred options for addressing these source areas includes selective capping and 
contouring activities, focusing on those areas where the highest concentrations of PFAS 
have been identified. The intent of this approach is to reduce water infiltration (thereby 
reducing PFAS leaching to stormwater, sewer and groundwater) and limit potential for 
direct contact with the most contaminated soils by Base personnel. 

Alternative source management options are feasible besides capping, (refer Appendix E, 
Section E.3) and such options should still be considered as part of the development of 
relevant Remediation Action Plans (RAPs). 

This preferred source management option should be supplemented by pathway 
management options aimed at reducing infiltration of PFAS impacted water into the 
existing sewer and stormwater system. In the case of the stormwater system, drainage 
channels terminating at major Bremer River discharge points DP5 and DP9 run adjacent 
to CPSA A and CPSA N respectively. In the case of the Base sewer system, sewerage is 
conveyed to the existing STP which then discharges directly to the Warrill Creek. It is 
understood the Base sewerage system does extend within CPSA A and CPSA N. 

Specific actions that should be considered to manage these pathways could include 
relining, replacing or upgrading pipes or pits adjacent to these source areas where 
infiltration into the sewerage or stormwater system may be occurring. This could also 
include the removal of redundant infrastructure that could be contributing towards 
ongoing PFAS impacts. In the case of stormwater, actions may also include the creation 
of detention basins for interim storage of diverted / redirected stormwater, although this 
may require subsequent treatment.  

Noting the potentially elevated risk to Base personnel through incidental direct contact 
with PFAS in soil / sediment at CPSA A and CPSA N, administrative controls should also 
be established to manage risks to on-Base personnel (including contractors) who may 
undertake regular soil disturbance work in these major source areas. These risks can be 
managed effectively through the application of the Defence Construction and 
Maintenance Framework 2018. 

Major Source Area: 

 CPSA D – Sewage 
Treatment Plant (including 
the adjacent Frogs Hollow 
Gully) 

The proposed extent of source area 

The preferred source management 
approach for this area is: 

 Selective source removal activities 
that results in the removal of the 
majority of PFAS by mass from 
this source area in order to reduce 

PFAS has been detected in soils across CPSA D (STP) and within the adjacent Frogs 
Hollow Gully, likely attributable to inputs from sewerage infrastructure.  

The STP will be replaced in the coming years, and as such existing buildings will be 
removed and the area that the existing STP occupies rehabilitated. 

The preferred management option would be to excavate and remove PFAS impacted 
soils and sediments from this source area (and the adjacent Frogs Hollow Gully) with 



PFAS MANAGEMENT AREA PLAN – RAAF BASE AMBERLEY 

 

44 

and adjacent Frogs Hollow Gully for 
which this management option 
applies is presented in Figure 8 

lateral / vertical migration of PFAS 
into Warrill Creek.  

Relevant Risk Groups: 

 Risk Group 3 

 Risk Group 5 (part) 

either on-site containment of excavated materials elsewhere at the Base (preferred) or 
off-site disposal (applicable alternative option).  

This PFAS mass removal exercise from both the STP compound area as well as the 
adjacent Frogs Hollow Gully would be anticipated to result in reduced migration of PFAS 
into the Warrill Creek.   

The vertical and lateral extent of soil removal would be determined following completion 
of additional source area investigations and the development of the relevant RAPs.  

CPSA V – AFFF Wastewater 
Holding Tank  

The preferred management approach for 
this area is: 

 Further assessment of this 
infrastructure to better understand 
the extent to which it may be 
contributing towards PFAS in 
groundwater 

Relevant Risk Groups: 

 To be determined following 
completion of further assessment.  

CPSA V represents the AFFF wastewater holding tank. It was installed in 2004 when the 
secondary fire training area (CPSA Y) was upgraded. It is understood that the holding 
tank has a capacity of 673,000 L. 

Soil sampling performed as part of the DSI reported low concentrations of PFAS (seven 
samples were collected reporting a maximum PFAS concentrations of 0.0984 mg/kg for 
PFOS+PFHxS and 0.0317 mg/kg for PFOA).  

Groundwater monitoring performed as part of the DSI (CH2M, 2018) and subsequent 
seasonal monitoring events ((CH2M, 2020d, 2020c) indicates that this source area may 
be contributing towards PFAS concentrations reported in groundwater within this area of 
the Base. However, there remains some uncertainty as to the extent to which this is the 
case given the low concentrations of PFAS in soils. 

In order to better understand the nature of this infrastructure and how it may be 
contributing towards PFAS concentrations reported in groundwater at the Base, further 
assessment is warranted. Only once this further assessment is completed can relevant 
risk groups be identified and appropriate management actions considered (if necessary).  

Pathway 
Management 

Stormwater Drains: 

 DP2. Stormwater from CPSA 
W is inferred to discharge 
into the drainage channel 

 DP5. The main stormwater 
drain bisects CPSA A and 
CPSA U, with drainage 
(particularly from CPSA A) 
inferred to be directed 
towards this drain from the 
west. 

 DP6. A stormwater drain 
believed to originate at 
eastern boundary of CPSA U 
is likely to be capturing PFAS 
impacted stormwater that is 
being conveyed to the site 
boundary 

The preferred pathway management 
approach for these migration pathways 
is: 

 Restriction of PFAS infiltration into 
the existing stormwater network to 
reduce conveyance of PFAS from 
source areas towards discharge 
points along the Warrill Creek and 
Bremer River 

Relevant Risk Groups: 

 Risk Group 3 

 Risk Group 5 

 

Multiple stormwater drains (lined, unlined and sub-surface) are present across the Base, 
discharging directly into the Warrill Creek and the Bremer River. The drainage channels 
intersect many of the PFAS source areas at the Base, with surface water sampling 
confirming elevated PFAS concentration in surface water discharge to these receiving 
waters.   

The source areas that these drainage channels intersect generally report PFAS 
concentrations in soil that are relatively low (less than 10 mg/kg) compared with those 
reported at CPSA A (304 mg/kg) and CPSA N (32 mg/kg). On this basis, and in 
consideration of the size of some of the source areas in question (particularly CPSA W) 
source management options are likely to result in only marginal improvements in surface 
water quality but incur large cost.  

On the basis of the above, pathway management has been assessed as the preferred 
approach. Results from the DSI have identified four separate major discharge points into 
the Bremer River (namely DP2, DP5, DP6 and DP9). A further five major discharge points 
discharge directly in to the Warrill Creek, namely DP18, DP21, DP22, DP23 and DP24. 

Before specific management actions can be implemented for these discharge points, 
further assessment will be required in order to prioritise actions. While sampling during 
the DSI established relative concentrations at each surface water sampling location, no 
information was gathered to established flow rates. Therefore, PFAS mass flux cannot be 
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 DP9. A stormwater drain 
believed to originate at 
eastern boundary of CPSA N 
is likely to be capturing PFAS 
impacted stormwater that is 
being conveyed to the site 
boundary. 

 DP18 and DP21. Two 
drainage channels are 
believed to convey 
stormwater from the former 
FTA pad at CPSA DD 
directly to the Warrill Creek 

 DP21 and DP23. A series of 
stormwater drains 
(underground lined and open 
unlined above ground drains) 
are believed to convey 
stormwater from various 
points around CPSA B 
directly to Warrill Creek, 
converging at these two 
discharge points. 

 DP24. A minor watercourse 
that runs via Frog’s Hollow 
Gully through CPSA C and 
adjacent to CPSA D 
discharges to the Warrill 
Creek. It is also via this 
watercourse that effluent 
from the STP is discharged 
to Warrill Creek.  

The above drains have been 
identified based on the discharge 
point identifier as well as adjacent 
CPSAs that may be contributing 
PFAS – refer Figure 7 

calculated at this stage – a valuable metric by which activities can be prioritised based on 
PFAS mass discharge reduction potential. 

Similar to the CPSA A and CPSA N above, specific actions that should be considered to 
manage these pathways could include relining, replacing or upgrading pipes or pits 
adjacent to these source areas where infiltration into the stormwater system may be 
occurring. It may also be necessary to redirect stormwater flows with some form of interim 
storage capacity established (such as a detention basin) although this may require 
subsequent treatment.  

While source management is not proposed as a primary management approach, some 
localised surface capping or ground recontouring may be required at some source areas 
in order to manage surface water flows. This would be determined during the 
development of the relevant RAPs.  

The objective of restricting infiltration of PFAS on-Base to the stormwater network would 
be to reduce discharges to the Bremer River and Warrill Creek. These discharges have 
created secondary sources of PFAS off-Base through the following: 

 PFAS discharges from the Base have resulted in detection of PFAS in the Warrill 
Creek and Bremer River. Water containing PFAS from the Bremer River and the 
Warrill Creek has been used for irrigation at properties off-Base. This has resulted 
in the accumulation of PFAS in soils at these properties. 

 PFAS discharges from the Base have resulted in accumulation of PFAS in 
sediments in the Bremer River and Warrill Creek. Flooding events have resulted in 
the mobilisation of sediments from these systems, and subsequent deposition at 
nearby off-Base properties. 

Sewer network in the vicinity of: 

 CPSA U – likely significant 
contributory source area  

 CPSA N – likely significant 
contributory source area 

The preferred management approach for 
these migration pathways is: 

 Restriction of PFAS infiltration into 
the existing sewer network to 
reduce conveyance of PFAS from 
source areas towards the Warrill 

Similar to the rationally for stormwater pathway management above, the source areas 
intersected by the sewerage system (CPSA A and CPSA N being the exceptions) 
generally report relatively low PFAS concentrations (less than 10 mg/kg). As such, 
pathway management is the recommended approach by which risks that have the 
potential to become elevated can be reduced.  

Specific actions that should be considered to manage these pathways could include relining, 
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 CPSA B – likely significant 
contributory source area 

 CPSA A – probable 
contributory source area  

 CPSA W – probable 
contributory source area 

Creek via the STP 

Relevant Risk Groups: 

 Risk Group 3 

 Risk Group 5 

 

replacing or upgrading pipes or pits adjacent to these source areas where infiltration into the 
sewerage system may be occurring. The objective of restricting infiltration of PFAS on-Base 
to the sewer network would be to reduce PFAS concentrations in the sewer to meet 
Defence’s overall environmental management objectives. It is unlikely that PFAS 
concentrations in the sewer system can be eliminated completely. 

The sewerage system currently conveys sewerage to the existing STP that discharges 
treated affluent (albeit containing PFAS) directly to Warrill Creek. Defence is in the early 
stages of a Medium Works project to replace the existing STP with an upgraded facility.  

The commencement of STP upgrade project is not connected in any way to this PFAS 
investigation. Nonetheless, the STP itself represents a notable contributor towards PFAS 
flux from the Base. Previous reports relating to the STP (Lambert & Rehbein, 2016) 
suggest that up to 0.7 ML of effluent per day is discharged to Warrill Creek during dry 
conditions, and 4.3 ML/day during wet weather. Based on concentrations of 
PFOS+PFHxS reported at the STP discharge point during DSI sampling, this equates to 
an annual discharge of between 1kg and 5kg of PFOS+PFHxS into the Warrill Creek.  

Based on the volume of effluent generated on a daily basis, it is not considered 
practicable to permanently prevent discharge from the STP to Warrill Creek as this would 
require some form of alternative effluent storage and disposal. While this may be possible 
for short periods during dry weather (when the volume of effluent generated may be 
lowest) it would not be practicable during periods of higher flows. It is also noted that 
concentrations of residual PFAS in the sewerage system will likely reduce as a result of 
drainage improvement works recommended above. However, the extent to which these 
improvements are effective in reducing PFAS concentrations (and therefore the extent to 
which effluent treatment / management of residual PFAS is required) will not be known 
until these works have been completed. Therefore, short term investment in upgrades to 
the existing STP, or changes to the treatment process to manage PFAS is not 
recommended at this stage and instead management actions / remediation will form part 
of the STP upgrade project, separate to measures undertaken as part of the 
implementation of this PMAP.  

Receptor 
Management 

On-site Base personnel: 

 Potential future use of 
groundwater for potable 
water supply, although noting 
that this this is not 
anticipated in the immediate 
future (the Base is currently 
on mains supply). 

The preferred approach for receptor 
management in this instance is: 

 Effectively documenting 
groundwater contamination status 
in the Contaminated Sites Register 
(CSR) for the Base. This database 
forms a reference for Base 
operations that is used to identify 
potential constraints that may 
apply to future activities. In this 
instance, the CSR would note that 
the restrictions on the use of 
groundwater for drinking purposes 
or use for irrigation.    

The potentially elevated risk identified in the HHRA is not one that is relevant to Base 
personnel at present (noting groundwater is not currently used for potable water supply). 
As such, no management actions are considered necessary at this stage.  

The alternative proposed control that is recommended (i.e. recording groundwater 
contamination in the CSR) is considered to be a proportionate control.   



PFAS MANAGEMENT AREA PLAN – RAAF BASE AMBERLEY 

 

47 

Relevant Risk Groups: 

 N/A 

On-site ecological receptors: 

 Terrestrial ecosystems 
(including bioaccumulation 
and effects on higher order 
consumers within terrestrial 
ecosystems) 

The preferred management approach for 
receptor management in this instance is:  

 Implementation of administrative 
controls in order to limit / deter 
access to relevant source areas by 
ecological receptors. 

Relevant Risk Groups: 

 Risk Group 2 

Potentially elevated risks to terrestrial ecosystems (including bioaccumulation and effects 
on higher order consumers within terrestrial ecosystems) has been identified for five 
source areas, namely CPSA A, C, G, W, X, and CC.  

The net environmental benefit associated with source management actions would be 
marginal at best. On this basis (and since pathway management options are not 
applicable), administrative controls aimed at restricting or deterring access by sensitive 
ecological receptors is the preferred approach. This could include actions such as fencing 
or modification to current vegetation management practices.  
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6.3 Integrated options analysis outcomes 

An integrated analysis that considers the outcomes of the comparative analysis prepared for each 
listed risk item has been undertaken. Synergies have been considered between: 

 Other proposed PMAP response actions 
 Approved or proposed PMAP response actions in other Management Areas, and 
 Planned works involving infrastructure, maintenance or remediation of co-contaminants on 

the Defence property. 

Defence is currently in the early stages of a project which involves the replacement of the existing 
STP. The STP has been identified as a major CPSA (CPSA D) which conveys PFAS impacted 
effluent derived from the Base sewerage system directly to Warrill Creek. This project to replace the 
STP provides an opportunity to integrate remediation actions for this Major CPSA into the works 
program for the decommissioning of the existing facility. The new STP construction may also require 
upgrades / reconfiguration of the existing sewer network. This could provide an opportunity to achieve 
efficiencies given restricting PFAS infiltration into the sewerage system represents a preferred 
pathway management action. 

The TSF has recently been completed, and while the permanency of this feature is unknown at this 
stage, recent discussions with Base personnel suggest it may remain for at least the next ten years.  
Assuming a permanent containment solution may be required in the future, this presents an 
opportunity to design a facility that could accommodate PFAS impacted material from elsewhere at 
the Base as well. This could include areas where targeted source removal may be an option (an 
option that would not necessarily be feasible if pursued in isolation). 

Incorporating drainage improvement / upgrade works or source removal activities into construction 
works programs planned at the Base. Where these upgrade works intersect primary source areas, 
part of the scope of these projects could be to incorporate drainage improvement works or source 
area removal. While the cost associated with such management actions may not be commensurate 
with the level of risk if embarked upon in isolation, if broader works programs were being conducted 
within particular source areas this would provide an opportunity to address PFAS contamination 
issues in a more cost effectively manner. 
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7 CONCLUSION 

7.1 Recommended PMAP response actions 

The DSI for the Base identified the following Major source areas that are believed to be contributing 
most significantly towards reported PFAS concentrations in soil, sediment, surface water, 
groundwater at the Base and in the surrounding area: 

 CPSA A – Former Topside Aviation Fire Training Area and current Fire Training Area Pad 
 CPSA B - Hangar 410 (Building 410) and Former Landfill 
 CPSA C – Frogs Hollow Former Fire Training School  
 CPSA D – Sewage Treatment Plant  
 CPSA G – Former FTA and Operations Testing Area  
 CPSA J – Former Fire Training Area, Operations Testing Area and Bomb Replacement Apron 
 CPSA M – Former Fuel Farm 1 
 CPSA N – Former Fire Station 
 CPSA U – 33 Squadron Hangar 
 CPSA W – Fire Fighting Training School 
 CPSA X – Former Structural and Open Pit Fire Training Area 
 CPSA Y – Former Secondary Fire Training Area 
 CPSA DD – HS748 Former Fire Training Area on Disused Runway 

In addition to the above, seasonal groundwater monitoring events performed at the Base since the 
completion of the Detailed Site Investigation (DSI) indicates that CPSA V (AFFF Wastewater Holding 
Tank) may be contributing towards PFAS concentrations reported in groundwater.   

There are three lithologies relevant at the Base including the Alluvium, the Tertiary Formation, and the 
Walloon Coal Measures. Groundwater flow in the Alluvium and Tertiary Aquifer (the aquifer closest to 
ground surface of the Base) is from the highest point on the Base to the north west, north, east, and 
south. 

Surface water and groundwater connectivity is influenced by seasonal surface water level changes. 
During and following rain, when water levels are high, water from the Bremer River can discharge to 
groundwater on the Base. At other times, when water levels are low in the Bremer River, groundwater 
discharges to the Bremer River. 

PFAS contaminated surface water and groundwater in the Tertiary-Alluvium groundwater aquifer is 
primarily discharged from the Base to the east into the Bremer River, and south to Warrill Creek. 
Surface water and groundwater on the Base is also discharged from the Base to the north west and 
north into the Bremer River, however the impact of PFAS in the Bremer River is much lower in these 
directions.  

PFAS moving from the Base via drains, in groundwater and from the STP are the primary, and most 
significant, sources of PFAS found off-Base in surrounding areas. This movement has resulted in the 
wide-spread distribution of PFAS off-Base within the investigation area in soil, sediment and surface 
water. 

A probable source of PFAS has been identified up-stream of the Base in Warrill Creek, however the 
contribution of PFAS into Warrill Creek from this source is negligible in comparison to the Base. 

Based on the outcomes of the DSI, an HHRA and ERA was completed, and these identified 10 risks 
that have the potential to become elevated (as presented in Table 5) potentially affecting both on- and 
off-Site receptors. Off-Base migration of PFAS from on-Base source areas has occurred in both 
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surface water and groundwater. This means that the potentially elevated risks need to be mitigated 
using a combination of source management, pathway management and receptor management. 

The PFAS response program prioritises: 

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

a) Materially reducing the mass of PFAS contamination source; and/or  

b) Blocking or diverting the migration pathway of the contamination from the source to a 
receptor; and 

2. Actions to prevent the community from exposure while management actions addressing 
source areas and/or migrations pathways are underway. 

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

Action 1: Restrict surface runoff and infiltration of PFAS to the stormwater networks on-Base and limit 
direct discharge to the Bremer River and / or Warrill Creek. The stormwater network in this instance 
includes above ground lined and unlined drains, as well as below ground lined drains. This action will 
involve: 

a) Completion of additional investigation to better understand the extent of the stormwater 
networks at the Base. This should include a survey of the condition of stormwater pipes and 
pits in the vicinity of source areas CPSA A, CPSA B, CPSA C, CPSA D, CPSA N, CPSA U, 
CPSA W and CPSA DD in order to identify potential PFAS infiltration points.  

b) Completion of an assessment of stormwater drainage points that discharge to the Warrill 
Creek and Bremer River. The purpose of this assessment should be to determine PFAS mass 
discharge (flux) from the different stormwater drainage points into the Bremer River or Warrill 
Creek. The mass of PFAS being discharged from each drainage point under different flow 
conditions can be calculated and will provide a means by which drainage improvement works 
at the Base can be prioritised. This assessment should also include consideration of PFAS 
concentrations in sediments within the drainage channels in order to inform specific 
management options / requirements. 

c) Development of a RAP that identifies options for drainage improvement works.  

Action 2: Restriction of infiltration of PFAS to the sewer network on-Base as well as further 
assessment of the vertical and lateral extent of PFAS at CPSA D (the STP) and the adjacent Frogs 
Hollow Gully. The purpose of this action is to limit direct discharge of PFAS to Warrill Creek via the 
STP. This action will involve: 

a) Completion of additional investigation to better understand the extent and integrity of the 
sewer network at the Base, particularly in the immediate vicinity of identified source areas. 
This should include a survey of the condition of sewer pipes, pits and other related 
infrastructure in the vicinity of CPSA B, CPSA N, CPSA U, and CPSA W in order to identify 
potential PFAS infiltration points. 

b) The completion of item (a) above should aim to identify which sections of the sewer system 
that interface with the identified source areas are impacted by PFAS and to what extent. This 
information should guide the prioritisation of subsequent management actions specific to the 
sewerage system and inform the design of a PFAS mass flux assessment. PFAS impact 
should be assessed in the context of a Base-wide sewer network PFAS mass flux. 
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c) Additional review of the preliminary STP factual soil investigation report (CH2M, 2020). Based 
on data gaps identified, completion of additional soil investigations at the STP compound and 
Frogs Hollow Gully in order to determine the vertical and lateral extent of PFAS impact in soils 
/ sediments as well as leachability potential.  

d) Development of a RAP (or multiple RAPs) that can be implemented in order to reduce PFAS 
discharges from the Base through the sewerage system, including the STP. The development 
of the RAP(s) should be undertaken in consideration of information relating to the 
replacement of the STP. Factors that may influence management requirements may include 
timelines for construction and details regarding any associated sewer upgrade works and 
network analyses that may be planned. 

Action 3: Reduction of PFAS mass flux through vertical / lateral migration from CPSA A (Former 
Topside Aviation Fire Training Area and current Fire Training Area Pad). This action will involve: 

a) Completion of additional investigations to better understand the vertical and lateral distribution 
of PFAS across this source area. This should include a detailed survey of infrastructure, 
including a review of infrastructure associated with the existing temporary stockpiling facility 
completed as part of the BFA. 

b) Development of a RAP for the implementation of source management actions. This RAP 
should include remediation design components. At this stage a capping solution is proposed, 
therefore the remediation design should include the selection of capping materials and 
specification.  

Action 4: Further assessment of the infrastructure associated with CPSA V (AFFF Wastewater 
Holding Tank): 

a) Additional investigation of CPSA V (the AFFF Wastewater Holding Tank) in order to better 
understand how this infrastructure operates and assess the extent to which this feature may 
be contributing towards PFAS concentrations observed in groundwater at the Base.   

Action 5: Reduction of PFAS mass flux through vertical / lateral migration from CPSA N (Former Fire 
Station). This action will involve: 

a) Review of documentation relating to the recently completed upgrade works in order to 
establish the extent of source area removal already completed, noting that such information is 
not currently available.  

b) Completion of additional investigations to better understand the vertical and lateral distribution 
of PFAS across this source area. This should include a detailed survey of infrastructure. 

c) Development of a RAP for the implementation of source management actions. This RAP 
should include remediation design components. At this stage a capping solution is proposed, 
therefore the remediation design should include the selection of capping materials and 
specification. 

Figure 9 illustrates the location of each of the source areas identified above for which management 
actions are recommended.   
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7.2 PMAP implementation 

7.2.1 Response timeframes  

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

Priority for PFAS migration 
and human health 

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

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

Response actions 
underway 

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

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

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

 grouping the implementation of similar response actions 
within one or more Management Areas 

 aligning Defence infrastructure and maintenance plans 
with a recommended response action. 

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

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

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

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

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

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

Performance measures for individual response actions under this PMAP will be contained in the 
relevant approval or procurement documentation. 

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

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

 updated information obtained from PMAP response actions involving further investigations or 
data from the Ongoing Monitoring Plan. 

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

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

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

 changes to Defence’s strategic approach to managing PFAS contamination. 
 on-going research and development of management/remediation technologies to address 

PFAS impacted soil and groundwater. 
 changes to water supply options available to land owners and residents in the area 

surrounding the site. 
 progress in risk management and remediation activities that may require realignment or 

further calibration. 
 new scientific findings that update the knowledge or assumptions underlying the PMAP or 

specific PMAP response actions. 
 any other new information that has the potential to 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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Figures 

Figure 1 :Property Location 

Figure 2 : Property Features 

Figure 3 : Management Area 

Figure 4 : Risk Groups 

Figure 5 : Geological Data 

Figure 6 : Groundwater Flow 

Figure 7 : Drainage Features 

Figure 8 : STP and Frogs Hollow Gully 

Figure 9 : Summary of PFAS Source Areas with Actions 
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1. Imagery: Nearmap Aerial Imagery, 2020 April 05 Figu re 2
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Notes:
1. Imagery: Nearmap Aerial Imagery, 2020 April 05
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1. Geological Data: © State of Queensland (Department of
Natural Resources and Mines) 2017.
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Notes:
1. Imagery: Nearmap Aerial Imagery, 2020 April 05
2. Contours are for Warrill Bremer Alluvium and Tertiary Formation of groundwater MWs and SWL
3. Standing water levels (m AHD) gauged between 21-23 March 2018
4. The nomenclature of existing groundwater sampling sites includes Monitoring Well IDs as per the South
Queensland Environmental Monitoring Master Water Quality Manual - RAAF Base Amberley (Jacobs, 2016)
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Notes:
1. Imagery: Nearmap Aerial Imagery, 2020 April 05
2. Contours are for Warrill Bremer Alluvium of groundwater MWs and SWL
3. Standing water levels (m AHD) gauged between 21-23 March 2018
4. The nomenclature of existing groundwater sampling sites includes Monitoring Well IDs as per the South
Queensland Environmental Monitoring Master Water Quality Manual - RAAF Base Amberley (Jacobs, 2016)
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Notes:
1. Imagery: Nearmap Aerial Imagery, 2020 April 05
2. Discharge points and type of drain present based on
Defence NSIMS Data 2018.
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Notes:
1. Imagery: Nearmap Aerial Imagery, 2020 April 05
2. Discharge points and type of drain present based on
Defence NSIMS Data 2018.
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N otes:
1. Ima gery: N ea rma p Aeria l Ima gery, 2020 April 05
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CPSA Description
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1. Im agery: Nearm ap Aerial Im agery, 2020 April 05
2. Disc harge po ints and type o f drain present b ased
o n Defenc e NSIMS Data 2018.
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APPENDIX A: REGULATORY AND POLICY ANALYSIS 

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

A1 Commonwealth legislation, policy and standards 

A1.1 Outline 

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

Commonwealth legislation 

 Environment Protection and Biodiversity Conservation Act 1999 
 Work Health and Safety Act 2011 
 Water Act 2007 
 National Environment Protection (Assessment of Site Contamination) Measure 1999, as 

amended in 2013. (NEPM 2013) 

Commonwealth policy, standards and guidance 

Defence policy, standards and guidance 

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

Commonwealth whole-of-government policy, standards and guidance 

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

 PFAS National Environmental Management Plan 2018 (NEMP) 
 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 preparing this PMAP, there was no Commonwealth policy, standards or guidance 
related to the discharge of PFAS impacted water to sewer and the potential reuse of treated effluent 
containing PFAS.  

The Defence PFAS Framework (Defence, 2018), needs to be considered for soil management within 
the Management Area. Additionally, the interim soil guidelines in the PFAS NEMP should be 
considered in relation to potential indirect exposure of terrestrial ecological receptors to soil and 
sediment, taking into account the conclusions of the Ecological Risk Assessment (CH2M, 2019). 
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A2 State/Territory Legislation and Policy 

A2.1 Outline 

Environmental Protection Act 1994 (QLD) 

The Environmental Protection Act 1994 is administered and enforced by the Department of 
Environment and Science (DES) (formerly Department of Environment and Heritage Protection). The 
objective of the act is to protect Queensland’s environment while allowing for development that 
improves the total quality of life, both now and in the future, in a way that maintains the ecological 
processes on which life depends. The act forms a general duty of care for all to avoid harm to the 
environment. 

Obligations under the Act relating to the PMAP include: 

 General environmental duty 
 The duty to notify of environmental harm 

The general environmental duty includes the obligation to undertake activities in line with compliance 
guidelines, if required, and ensuring the consideration of potential environmental harm when planning 
activities outlined in the PMAP. 

If environmental incidents are to occur, a notification must be made to the DES in accordance with the 
Act. If an incident may have caused or threatens serious environmental harm, notice to the 
administering authority must occur within 24 hours. 

Environmental Protection Regulation 2019 (Qld) 

The Environmental Protection Regulation provides for a licensing system for environmentally relevant 
activities (ERAs) (called an environmental authority). This regulation contains the list of ‘prescribed 
environmentally relevant activities’ in Schedule 2 of the EP Regulations which are regulated under the 
EP Act. 

Environmental Protection Policy (Water and Wetland Biodiversity) 2019 (QLD) 

The Environmental Protection (Water) Policy (EPP), 2009, is the principal legislative basis for water 
quality management in Queensland. It identifies a process for identifying environmental values of 
waterways and establishing corresponding water quality objectives to protect identified environmental 
values.  

Queensland waters include water in rivers, streams, wetlands, groundwater aquifers, estuaries and 
coastal areas. RAAF Base Amberley is bordered by the Bremer River on the north and east and 
Warrill Creek on the south. The confluence of the Bremer River and Warrill Creek is to the south east 
of the Base. From the confluence, the Bremer River flows to the Brisbane River and its waters flow to 
the sea. The upper tidal limit of the Bremer River is at the outer extent of the Investigation Area. 

Environmental values (EVs) define the uses of the water by aquatic ecosystems and for human uses 
(e.g. drinking water, irrigation, aquaculture, recreation). Water Quality Objectives (WQO) define 
objectives for the physical, chemical and biological characteristics of the water. In high ecological 
value areas, WQOs are to be maintained. In slightly disturbed areas, water quality is to be improved 
where needed, to achieve WQOs. In moderately disturbed areas, like the Bremer River and Warrill 
Creek (near RAAF Base Amberley), water quality needs to be maintained, or improved where 
needed, to meet WQOs. 

In the absence of specific objectives, technical water quality guidelines such as the Queensland 
Water Quality Guidelines (DERM 2009) and Australian and New Zealand Guidelines for Fresh and 
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Marine Water Quality (ANZECC and ARMCANZ 2000) provide default water quality objectives for the 
protection of ecological receptors. The guideline screening values for drinking water and recreational 
activities published in the Department of Health (2017) guidance and Australian Drinking Water 
Guidelines (NHRMC 2016), are considered to provide suitable water quality objectives for the 
protection of human health. 

Environmental Protection (Regulated Waste) Amendment Regulation 2018 (QLD) 

In Queensland, regulated wastes (liquids and solids) containing PFAS are only to be moved by an 
appropriately licenced transporter and tracked under the waste tracking system using the code: M270 
- per- and poly-fluoroalkyl substances. The waste descriptions must include reference to the PFAS 
compounds present, sufficient to accurately reflect the nature of the waste. This has been 
implemented in Queensland from 4 February 2019 following amendments to the Environmental 
Protection Regulation 2008.  

Regulated wastes containing PFAS are to be tested to appropriately classify the waste type and 
determine waste management options and approved waste receiving facilities.  

The Environmental Protection Regulation 2008 outlines regulated waste categorisation and explains 
the process that waste generators and receivers need to follow when sampling and testing waste to 
determine the appropriate risk-based category. The amending regulation introduced a new risk-based 
waste classification framework with two default categories of regulated waste: 

 category 1 regulated waste (highest risk); and 
 category 2 regulated waste (moderate risk). 

The amended EP (Regulated Waste) Regulation has a PFAS threshold level of zero in contaminated 
waste (solid and liquid). Therefore, in the case of solid waste containing PFAS above the laboratory 
LOR, this is classified as Category 1 regulated waste, while liquid waste containing PFAS is classified 
as Regulated Waste (applying a default category). 

Before any solid (soil and biosolids) and liquid waste disposal from RAAF Base Amberley is 
conducted, testing should be performed to determine the classification of the waste in accordance 
with the EP (Regulated Waste) Regulation. Testing for PFAS must include the following analysis:   

 A standard suite of PFAS including sulfonates PFBS, PFHxS, PFOS, PFOSA and PFDcS,  

 Total oxidisable precursor assay reported as the analyses for the resulting perfluorinated 
carboxylates for C4 to C14 carbon chain length (TOPA C4-C14).  

Once an appropriate risk-based category of waste is demonstrated (in accordance with Section 43 of 
the EP (Regulated Waste) Regulation), the waste is considered a ‘tested waste’, with test results 
remaining valid for a maximum period of 3 months. The waste can be transported and either 
processed or disposed of under the EP Regulation based on the category of waste it has been 
classified as through the testing process. Waste containing PFAS cannot currently be disposed of to 
landfill in Queensland, but other processing is permitted at appropriately licenced facilities, such as 
thermal waste reprocessing and treatment. This waste must be transported by a suitably licenced 
waste transporter.  

The waste generator and waste receiver must record prescribed information for each load of tested 
waste in an approved Record of Tested Waste form. This approved form is provided to the receiver of 
the waste by the water generator as a requirement under sections 52 and 53 of the EP Regulation. An 
overview of the waste tracking requirements in Queensland is provided by DES: 

 https://environment.des.qld.gov.au/__data/assets/pdf_file/0021/86340/managing-wt-qld-overview.pdf 
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Biosecurity Act 2014 (Qld) 

The Biosecurity Act provides biosecurity measures regulating pests, (e.g. animals and weeds), 
diseases, and contaminants that pose a biosecurity risk.  

Nature Conservation Act 1992 (QLD) 

The object of the Queensland Nature Conservation Act is the conservation of nature while allowing for 
the involvement of indigenous people in the management of protected areas in which they have an 
interest under Aboriginal tradition or Island custom. 

Nature Conservation Act provides a framework management of protected areas and the protection of 
native flora and fauna (protected wildlife). Many species of native plants and almost all vertebrate 
native animals in Queensland are protected wildlife under the Act, including birds, reptiles and 
mammals. 

For work in Amberley Management Areas on- and off-Base, conservation of nature needs to be 
managed in accordance with this Act. 

Public Health Act 2005 (Qld) 

Public Health Act 2005 (Qld) provides a framework for the protection of public health. Relevant to the 
management and monitoring of PFAS sources on- and off-Base, objectives of the Act include 
preventing, controlling and reducing risks to public health; and providing for the identification of, and 
response to, notifiable conditions.  

Water Act 2000 (Qld) 

Water Act 2000 (Qld) provides a framework for the planning and regulation of the use and control of 
water in Queensland. Water Use Plans may be prepared for areas at risk of land or water 
degradation, for example, due to rising underground water levels, salinisation, deteriorating water 
quality, water logging of soils, destabilisation of the bed and banks of watercourses, damage to the 
riverine environment or increasing soil erosion. 

Work Health and Safety Act 2011 and Work Health and Safety Regulation 2011 (QLD) 

The Work Health and Safety Act 2011 (the WHS Act) provides a framework to protect the health, 
safety and welfare of all workers at work. It also protects the health and safety of all other people who 
might be affected by the work. 

All workers are protected by the WHS Act, including: employees, contractors, subcontractors, 
outworkers, apprentices and trainees, volunteers, and employers who perform work. 

The WHS Act also provides protection for the general public, so that their health and safety is not 
placed at risk by work activities. 

The WHS Act places the primary health and safety duty on a person conducting a business or 
undertaking (PCBU). The PCBU must ensure, so far as is reasonably practicable, the health and 
safety of workers at the workplace. Duties are also placed on officers of a PCBU, workers and other 
persons at a workplace. 

All duties under the WHS Act are qualified by the term 'reasonably practicable'. 

The WHS Act also sets out the requirements for the following: incident notification, consultation with 
workers, issue resolution, inspector powers and functions, offences and penalties. 
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A2.2 Key institutional drivers and constraints impacting on development/prioritisation of 
options 

The amended EP (Regulated Waste) Regulation has a PFAS threshold level of zero in contaminated 
waste (solid and liquid). This prevents off-Base disposal option for contaminated soils to landfill. 
However, Regulated Waste containing PFAS can be disposed of at a number of facilities in 
Queensland that are appropriately licenced to accept PFAS-containing waste (i.e. licenced thermal 
waste reprocessing and treatment facilities).  

Point source and sewerage system discharges from an environmentally relevant activity must be 
licensed under the EP Act. A ‘point source’ discharge enters a waterway from an identifiable location, 
such as a pipe. Management of any point sources (of PFAS contaminated water or effluent) on-Base, 
discharging off-Base, should be assessed and options prioritised. 

A3 Planning Instruments or environmental permitting/licence controls 

A3.1 Outline 

Planning Act 2016 (Qld)  

The Planning Act 2016 regulates new development, including areas of South East Queensland 
identified as having important koala habitat values. The Planning Regulation 2017 (Schedule 11) 
prohibits the clearing of bushland habitat in priority koala habitat areas, as well as areas outside the 
urban footprint to ensure koala habitat remains protected for the long-term. 

A range of measures are in place to protect koala populations in South East Queensland. One of the 
major safeguards is requiring infrastructure projects to offset any loss of koala habitat under the State 
Government Supported Infrastructure Koala Conservation Policy (2017). 

The Base and surrounding land includes areas mapped under the South East Queensland Koala 
Conservation State Planning Regulatory Provisions 2010 as having potential koala habitat 
conservation value. Defence ecological studies have confirmed that RAAF Base Amberley is home to 
a resident Koala population and eucalypt species that are preferred forage for Koala. 

Aboriginal Cultural Heritage Act 2003 (QLD) 

Aboriginal and Torres Strait Islander cultural heritage is protected under the Aboriginal Cultural 
Heritage 2003 (Qld) Act and the Torres Strait Islander Cultural Heritage Act 2003 (Qld). The main 
mechanism through which each Act operates is a list of places and artefacts of heritage significance. 
The Acts provide effective recognition, protection and conservation of Aboriginal cultural heritage. 

The Acts afford blanket protection of Cultural Heritage and establish a duty of care that requires all 
persons to take reasonable and practicable steps to prevent harm to Cultural Heritage. The legislation 
sets out how the duty of care can be met by reference to the nature of the proposed activity, the 
likelihood of damage to Cultural Heritage, and the nature and extent of past land use. 

Queensland Heritage Act 1992 (Qld)  

Queensland Heritage Act works with the Aboriginal Cultural Heritage Act 2003 (Qld) and the Torres 
Strait Islander Cultural Heritage Act 2003 (Qld) to protect Queensland’s cultural heritage. The Act 
creates a framework to protect places or objects of cultural heritage significance for aesthetic, 
architectural, historic, scientific, social or technological reasons. The principal mechanism through 
which the Act operates is the Heritage Register. Development of places listed on the register is 
assessed under the Planning Act 2016. 
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Vegetation Management Act 1999 (Qld) 

Vegetation Management Act (VMA) provides for the preparation of maps to identify areas of high 
conservation value, areas vulnerable to land degradation and remnant vegetation. The VMA also 
provides for policies against which applications for clearing vegetation are assessed. A system for 
classifying vegetation in “regional ecosystems” (REs) provides the basis for vegetation management 
in Queensland.  

The main trigger requiring development approval for vegetation clearing is in the Planning Regulation 
2017 (Qld). This is linked to a large list of exemptions in the regulation for clearing that does not 
require approval such as clearing to establish a necessary firebreak.  

Environmental Offsets Act 2014 (Qld) 

The Environmental Offsets Act provides for environmental offsets to compensate for unavoidable 
impacts on significant environmental matters, (e.g. valuable species and ecosystems) on one site with 
environmental improvements at an alternate location, where greater net environmental improvements 
can be realised over a period of time. It is integrated into a number of State approval systems, 
including the development assessment system in the Planning Act 2016 (Qld). 

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

PFAS Management actions on- and off-Base must identify areas of Cultural Heritage value within the 
Management Area and then protect and conserve those values. PFAS management actions (such as 
earth works near waterways) will need to assess the likelihood of damage to Cultural Heritage, and 
the nature and extent of past land use and design approaches to avoid and minimise impacts to 
Cultural Heritage. Potential to damage Cultural Heritage should be avoided and alternate 
management options should be considered. 

Mapped remnant regional ecosystems (REs) under the QLD Vegetation Management Act 1999 (VM 
Act) identified within the Management Area will need to be considered, protected and managed within 
proposed PFAS management actions and the prioritisation of those actions
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APPENDIX B: INTERIM RESPONSE MANAGEMENT ANALYSIS 

No Interim Response Management actions have been undertaken for RAAF Base Amberley. 
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APPENDIX C: SOURCE – PATHWAY – RECEPTOR ANALYSIS 
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APPENDIX D: OPTIONS ANALYSIS CRITERIA 

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

D1 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 Implementatio
n period / 
timeframe 

Designate an indicative timeframe for implementation: 

Primary implementation period 

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

 Medium term: 1-3 years 

Extended implementation period 

 Long term: beyond 3 years. 

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

4 Potential 
impacts 

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

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

5 Estimated net 
environmental 
benefit 

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

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

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

D2 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: 
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 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 

10 Risks and 
mitigation 

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

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

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

 impact on existing infrastructure (including bores) 

 potential social and economic impacts (eg land use or employment.) 

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

11 Key 

Dependencies 

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

D3 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. 

D4 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. 

                                                      

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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17 Community Defence’s understanding of the views of the impacted community. 
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APPENDIX E: OPTIONS LISTING AND ANALYSIS 

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

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

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

Part E3 constitutes the detailed options analysis for the identified risks. 
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E1 PFAS remediation options screening10 

E1.1 Solids (Soil/Sediment)1 

Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - solids        

Bioremediation  

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

Most applicable to saturated media. 

Not applicable to 
PFAS. 

- - - -  No 

Chemical Oxidation or Reduction 

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

Most applicable to saturated media. 

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

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

Significant chemical 
volumes and 
multiple applications 
would be required. 

High 

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

12 to 24 months for 
application 

-   

                                                      

10 Based on RAAF Base East Sale PFAS Management Area Plan prepared by Senversa, August 2018. Senversa sourced its technologies from ITRC publication, Remediation Technologies and Methods for Per- and 

Polyfluoroalkyl Substances (PFAS), ITRC March 2018; and PFAS National Environment Management Plan, Australian and New Zealand Heads of EPA (HEPA), January 2018 and Federal Remediation Technology 
Roundtable (FRTR) screening matrix (https://frtr.gov/matrix2/top_page.html). 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Soil Flushing 

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

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

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

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

     

Soil Vapour Extraction 

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

Not applicable to 
PFAS – non- or low 
volatility. 

     No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Adsorption - In-situ Stabilisation/Immobilisation 

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

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

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

Solidification is not 
applicable to 
PFAS. 

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

Full scale in situ 
application has not 
been identified in 
Australia. Can 
require up to 25% 
v/v amendment 
addition to achieve 
stabilisation. 

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

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

  Affects asset access No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Ex-Situ Treatment - solids        

Excavation and Off-site Disposal  

Commonly available soil treatment approach for 
categorised materials. 

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

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

Excavation and 
dewatering/drying 
of materials is 
technically feasible. 

<Note waste 
disposal options / 
limitations in 
jurisdiction.> 

 

<Dependent on 
disposal options> 

High 

(Largely due to 
disposal costs and 
transport) 

<Jurisdiction-
specific> 

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

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

Significantly 
disruptive to 
operations. 

<Reference 
waste disposal 
options / 
limitations in 
jurisdiction.> 

Bioremediation 

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

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

Not applicable for 
PFAS 

     No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Adsorption - Solidification/ Stabilisation/ 
Immobilisation 

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

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

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

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

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

Applicable Applicable. 

 

Soil mixing required 
to ensure adequate 
contact with 
impacted media. 

Can require up to 
25% v/v amendment 
addition to achieve 
stabilisation 

Moderate 12+ months. 

 

Validation of 
stabilisation may take 
6 months. 

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

waste hierarchy. 

 

Significant 
chemical use 
would be 
required. 

Significant disruption 
to operations 

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

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Chemical Oxidation or Reduction  

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

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

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

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

Applicable.  

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

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

Moderate to high 
(largely due to high 
chemical costs) 

12+ months with 
material handling on-
site 

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

Significant 
chemical use 
would be 
required. 

Some disruption to 
operations 

No 

Soil Washing / Chemical Extraction  

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

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

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

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

 

Likely to have 
limited capability 
for clay rich soils. 

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

 

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

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

12+ months with 
material handling on-
site 

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

waste hierarchy. 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

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

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

- - - - - No 

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

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

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

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

- - - - - No 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

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

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

High temperatures 870oC to 1,200oC used to volatilise 
water and PFAS, then combust (in the presence of 
oxygen) organic constituents in hazardous wastes.  

Treatment of off gas and PFAS destruction by-
products is required. These may include hydrofluorine 
and sulphuric acids. Incomplete combustion products 
may include carbon monoxide, carbonyl difluoride, 
sulphur 

Applicable Only feasible for 
PFAS at high 
temperatures. 

Off gas treatment 
required. 

Most feasible if 
transported to an 
existing off-site 
facility. 

Very high (due to 
treatment costs) 

4 to 5 years. High energy use 
and consideration 
for potential 
destruction by-
products and 
incomplete 
combustion 
products is 
required. 

Significant disruption 
to operations 
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Description 
Technical 
applicability 

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

Other - solids        

In-situ management 

Impacted materials managed via reduction in 
contaminant mobility by reducing infiltration to the 
extent practicable, and isolating impacted material.  

This would be achieved via a low permeability cover 
and sub-drainage as a contingency to control 
seepage (if any). 

Applicable 

In-situ 
management is 
acceptable where 
conducted in an 
environmental 
audit and risks are 
demonstrated to be 
low and 
acceptable. 

Applicable Low Depends on project 
staging and auditor. 

In-situ 
management of 
soil is considered 
to be high on the 
PFAS NEMP’s 
waste hierarchy 
and avoids 
transport of 
materials off-site 
so is therefore 
considered more 
sustainable than 
placement in an 
off-site facility. 

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

Lifecycle costs Relative cost Timeframe 
Social and 
environmental 
values 

Impact – Defence 
capability / 
service delivery 

Further 
consideration 

On-site containment in an engineered facility  

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

Applicable 

In-situ 
management is 
acceptable where 
conducted in an 
environmental 
audit and risks are 
demonstrated to be 
low and 
acceptable. 

Requires suitable 
location for the 
facility. 

Applicable Low Depends on project 
staging and auditor. 

On-site 
containment is 
lower on the 
waste hierarchy 
as the process 
involves 
construction of an 
engineered 
facility. This 
avoids transport 
of materials offsite 
so is considered 
more sustainable 
than placement in 
an off-site facility. 

Depending upon 
source area, low to 
significant disruption 
to operations 

 

  



PFAS MANAGEMENT AREA PLAN – RAAF BASE AMBERLEY 

 

78 

E1.2 Waters (Surface water and groundwater) 

Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 

values 

Impact – 
Defence 

capability / 
service delivery 

Further 
consideration 

In-Situ Treatment - water        

Bioremediation  

As described above for in situ biodegradation of 
soil/sediments. 

Not applicable to PFAS. - - - -  No 

Chemical Injection 

Chemicals are injected into the aquifer at pre-
determined dosage rate. 

May include oxidation/reduction to chemically convert 
the hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, and/or inert. 
Other options may include novel additives such as 
slurried activated carbon which is a binding 
technology. 

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

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

Significant chemical 
volumes would be 
required. 

High 

(largely due to 
chemical costs 
and application) 

12 to 24 
months 

In-situ treatment is 
considered high on 
EPA’s waste 
hierarchy. 

Some disruption to 
operations 

No 

Air Sparging 

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

Not applicable to PFAS 
– non- or low volatility. 

- - - -- - No 

Thermal Treatment 

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

Not applicable to PFAS. - - - - - No 



PFAS MANAGEMENT AREA PLAN – RAAF BASE AMBERLEY 

 

79 

Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 

values 

Impact – 
Defence 

capability / 
service delivery 

Further 
consideration 

Monitored Natural Attenuation  

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

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

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

- - - - - No 

Permeable Reactive Barriers 

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

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

PRBs can either be configured as a continuous wall to 
intersect the plume, or as a funnel-and-gate system 
with low permeability walls that direct groundwater flow 
through reactive media in a ‘gate’. 

Potentially applicable as 
a component of an 
overall strategy. 

However, no full scale 
application for PFAS 
identified in Australia or 
globally. 

Expected to be 
applicable in short term 
for some 
hydrogeological 
settings. 

Reactive media can 
require replacement 
(depending on sorptive 
capacity and 
concentrations being 
treated) and 
disposal/treatment. 

Moderate to High 
(Depends on size, 
reactive media to 
be used, 
replacement of 
media) 

Long term 
operation 

In-situ treatment is 
considered high on 
the PFAS NEMP and 
EPA’s 

waste hierarchy. 

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

No 
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Description Technical 
applicability 

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 

values 

Impact – 
Defence 

capability / 
service delivery 

Further 
consideration 

Ex-Situ Treatment - water        

Groundwater extraction 

Commonly available treatment approach. Dissolved 
phase impacts are extracted via a series of wells or 
trenches (‘French drains’), with ex situ treatment of 
effluent at a water treatment plant. Treated water could 
be managed via reinjection or discharge. 

Extraction system can be designed to maximise mass 
removal of dissolved phase contaminants, though this 
approach is typically more suited for hydraulic control 
purposes (see below). 

Not applicable as a 
stand-alone option – is 
not likely to be 
practicable to address 
secondary sources (e.g. 
PFAS sorbed to soils). 

Desorption and back 
diffusion of 
contaminants from the 
formation can limit the 
ability to reach low-level 
management goals and 
cause extended 
treatment timeframes. 

Requires water 
treatment (See below). 

Applicable as a 
component of an 

overall management 
strategy. 

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

1+ years, long 
term operation 

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

Low to some 
disruption to 
operations. 

 

Excavation and/or dewatering 

For shallow groundwater, bulk excavation and 
dewatering, or just dewatering, of these materials will 
remove the groundwater migration pathway. Pore 
water would be captured and treated ex situ at a water 
treatment plant. Treated water could be managed via 
reinjection or discharge. 

Excavated soil (where bulk excavation and dewatering) 
would be subject to disposal to an off-site landfill or on-
site containment cell or in situ management (see 
above for soils/sediment). If materials are left in situ, 
cover would be required to minimise recharge of the fill 
materials. 

Applicable Requires water 
treatment (See below). 

Applicable as a 
component of an overall 
management strategy. 

Low to moderate 6 to 12 
months. 

Disposal considered 
energy intensive and 
low on EPA’s waste 
hierarchy. 

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

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

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 

values 

Impact – 
Defence 

capability / 
service delivery 

Further 
consideration 

Extracted groundwater treatment 

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

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

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

The most common PFAS treatment is sorption using 
granular activated carbon (GAC) and/or ultrafiltration 
(e.g. reverse osmosis). Other media sorptive media 
include modified clays (e.g. sand MatCARE). Ion 
exchange resins have also been utilised in a treatment 
train approach. Emerging technologies being studied 
include sonochemical treatment, photochemical 
oxidation and thermally- induced reduction. 

Treated water could be managed via reinjection or 
discharge. 

Waste media must be treated (e.g. incineration) to 
destroy PFAS, or disposed of at landfill. 

Applicable 

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

Applicable 

A pilot trial and 
treatment train 
approach may be 
required depending on 
water quality and co-
contaminants. 

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

Moderate See for above 
options 

See for above options Little disruption to 
operations 

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

Lifecycle costs Cost 
effectiveness 
(relative cost) 

Timeframe Social and 
environmental 

values 

Impact – 
Defence 

capability / 
service delivery 

Further 
consideration 

Other - water        

Hydraulic containment 

Sub-surface hydraulic barriers consist of a series of 
vertically installed walls, or excavated trenches near 
the perimeter of shallow water impacts, to: 

 Affect hydraulic gradients or direct flow within 
the shallow system so that flow occurs laterally 
to drains/sumps/wells for extraction; and/or 

 Reduce and retard lateral shallow groundwater 
flow. 

If no measures are implemented to reduce infiltration, 
will require ongoing water extraction and treatment, 
and does not reduce management requirements. 

If combined with a low permeability cover to reduce 
infiltration to the shallow aquifer, there would be limited 
ongoing treatment of water required. 

Applicable Applicable 

Requires water 
treatment (See above). 

Would only be feasible 
if combined with a 
strategy to reduce 
infiltration to the 
perched aquifer (e.g. a 
low permeability cover). 

Low to moderate Ongoing Considered energy 
intensive and low on 
EPA’s waste 
hierarchy, but system 
can be optimised to 
reduce O&M costs. 

Little disruption to 
operations, but 
combined with a low 
permeabiity cover 
system would result 
in significant 
disruption to 
operations. 

Yes, but only as 
part of an 
overall 
management 
alternative. 
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E2 Description of options considered in detailed analysis 

ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

Source management options 

1 In-situ management – 
Capping 

Construction of a low permeability cover to 
restrict surface water infiltration to 
contaminated soils in source zones only. 
Drainage controls may also be required 
where underground stormwater or sewer 
pipes are located close to the source 
areas. Leachate from the area may need 
to be contained for on or off-site treatment. 

No basal layer would be provided. 

To reduce PFAS leaching from soil to stormwater, surface 
water and sewer. This would reduce the flux of PFAS in 
stormwater to the Warrill Creek and Bremer River and 
subsequent risks to human health and ecology. This 
would also reduce PFAS concentrations in sewer thereby 
reducing PFAS mass entering the Warrill Creek via the 
STP and Frogs Hollow Gully.  

1. Additional investigations to delineate the source areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of infrastructure 
where necessary 

5. Excavation of sufficient soil to enable installation of capping 
(potential requirement for off-site disposal of soil) 

6. Installation of capping (e.g. clay cap or geosynthetic clay layer 
overlain by subsoil and topsoil layers) and drainage including 
collection and treatment system. 

7. Site reinstatement 

8. Ongoing treatment or disposal of leachate 

9. Ongoing monitoring of groundwater, stormwater, surface water 
and / or sewer to validate the works 

2 Excavation and on-site 
stabilisation of soil 

Contaminated soil in source zones is 
excavated and amendments such as 
activated carbon are added to the soil to 
reduce or remove the potential for PFAS to 
mobilise to stormwater, surface water or 
groundwater. 

Long term effectiveness of the stabilisation 
is a data gap. 

Treated soil could be placed back into the 
source area excavation or placed 
elsewhere on site where there is a lower 
risk of impact from leachate or susceptible 
to inundation by flooding events. 

To reduce PFAS leaching from soil to surface water and 
sewer. This would reduce the flux of PFAS in stormwater 
and groundwater to Warrill Creek and Bremer River and 
subsequent risks to human health and ecology. This 
would also reduce PFAS concentrations in sewer thereby 
reducing PFAS entering the Warrill Creek via the STP and 
Frogs Hollow Gully. 

1. Additional investigations to delineate the source areas 

2. Bench scale testing of amendments 

3. Detailed design of works 

4. Planning and approvals 

5. Site establishment and demolition / removal of infrastructure 
where necessary to access soil 

6. Drainage or dewatering of soils to be excavated with treatment 
and / or disposal of the water 

7. Excavation of soil and application of amendment through pug 
mill or other suitable mixing method 

8. Validation of excavation extent and treatment success 

9. Reinstatement of treated soil, pavements and structures 

10. Ongoing monitoring of groundwater, stormwater and / or sewer 
to validate the works 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

3 Excavation and on-site 
treatment of soil 

Contaminated soil in source zones is 
excavated and treated using a thermal 
process on-site to mobilise or destruct 
PFAS. Mobilised PFAS can be collected 
for off-site disposal in a hazardous waste 
facility. 

Treated soil could be placed back into the 
source area excavation or placed 
elsewhere on site where there is a lower 
risk of impact from leachate. 

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce PFAS 
discharges to groundwater, stormwater and sewer. 
Reduction of discharges to stormwater and sewer will 
reduce subsequent PFAS discharge to the Warrill Creek 
via the STP and Frogs Hollow Gully. Reduction of 
discharges to groundwater will reduce PFAS discharges 
in groundwater to the Warrill Creek and Bremer River.  

1. Additional investigations to delineate the source areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of infrastructure 
where necessary to access soil 

5. Drainage or dewatering of soils to be excavated with treatment 
and / or disposal of the water 

6. Excavation of soil and treatment in treatment unit 

7. Validation of excavation extent and treatment success 

8. Reinstatement of treated soil, pavements and structures 

9. Ongoing monitoring of groundwater, stormwater and / or sewer 
to validate the works 

4 Excavation and on-site 
containment of soil 

Contaminated soil in source zones is 
excavated and placed in an engineered 
facility on-site. The facility would include 
low permeability cap and base layers as 
well as drainage controls. 

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce PFAS 
discharges to groundwater, stormwater and sewer. 
Reduction of discharges to stormwater and sewer will 
reduce subsequent PFAS discharge to the Warrill Creek 
via the STP and Frogs Hollow Gully. Reduction of 
discharges to groundwater will reduce PFAS discharges 
in groundwater to the Warrill Creek and Bremer River. 

1. Additional investigations to delineate the source areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of infrastructure 
where necessary to access soil 

5. Preparation of engineered facility. 

6. Drainage or dewatering of soils to be excavated with treatment 
and / or disposal of the water 

7. Excavation of soil and placement in the facility 

8. Validation of excavation extent 

9. Completion of the facility construction including cover material. 

10. Reinstatement of excavation area 

11. Ongoing monitoring of facility 

12. Ongoing monitoring of groundwater, stormwater and / or sewer 
to validate the works 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

5 Excavation and off-site 
treatment or disposal of soil 

Contaminated soil in source zones is 
excavated and transported off-site for 
treatment and disposal. 

Soil containing PFAS cannot be disposed 
of to landfill in Queensland, therefore any 
disposal would require treatment first.  

Off-site treatment options would involve 
thermal processes.  

Removal of the source areas to reduce risk to 
construction and maintenance workers and reduce PFAS 
discharges to groundwater, stormwater and sewer. 
Reduction of discharges to stormwater and sewer will 
reduce subsequent PFAS discharge to the Warrill Creek 
via the STP and Frogs Hollow Gully. Reduction of 
discharges to groundwater will reduce PFAS discharges 
in groundwater to the Warrill Creek and Bremer River. 

1. Additional investigations to delineate the source areas 

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of infrastructure 
where necessary to access soil 

5. Drainage or dewatering of soils to be excavated with treatment 
and / or disposal of the water 

6. Excavation of soil and off-site transport for treatment 

7. Validation of excavation extent 

8. Reinstatement of excavation area 

9. Ongoing monitoring of groundwater, stormwater and / or sewer 
to validate the works 

Pathway management options 

6 Restriction of PFAS infiltration 
to sewer and stormwater 
networks 

This option could involve removal of 
abandoned infrastructure that may be 
receiving PFAS infiltration, replacement of 
networks that may be degraded or leaking 
or lining of pipes. 

Excavation of contaminated soil and / or 
removal of contaminated perched 
groundwater around service trenches 
could also be performed concurrently to 
limit the potential for future impact and 
therefore management of this material 
would also be required. 

The objective of this option would be to reduce PFAS 
discharges in stormwater and sewer from the Base. 
Reduction of discharges to stormwater and sewer will 
reduce subsequent downstream risks, specifically 
reduction of discharges to stormwater and sewer will 
reduce subsequent PFAS discharge to the Warrill Creek 
via the STP and Frogs Hollow Gully. 

1. Additional investigation to delineate soil contamination around 
stormwater and sewerage infrastructure, including pits, pipes and 
tanks.  

2. Detailed design of works 

3. Planning and approvals 

4. Site establishment and demolition / removal of redundant 
infrastructure where necessary 

5. Excavation of soil and removal of water from around drainage 
infrastructure. On-site containment of the impacted material. 

6. Temporary stormwater or sewer diversions or management as 
necessary 

7. Replacement, relining or upgrades to sections of the sewer and 
stormwater networks. 

7. Reinstatement of the excavation areas 

7. Ongoing monitoring to validate the works. 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

7 Ex-situ treatment of 
stormwater or sewage 

This option would involve collection and 
treatment of stormwater or sewage, 
potentially focussed on stormwater from 
source areas only or effluent from the 
STP. Treated stormwater or effluent would 
be discharged back to the stormwater 
system. 

The objective of this option would be to reduce or remove 
PFAS discharges to the Warrill Creek (either directly or 
via the STP) or the Bremer River. 

1. Additional investigations, treatability studies and feasibility 
analysis to confirm option. 

2. Detailed design of works 

3. Planning and approvals 

4. Implementation of works 

5. Ongoing treatment works with disposal of solids and treatment 
media to landfill following thermal destruction. 

6. Ongoing monitoring 

8 Ex-situ treatment of 
groundwater 

This option would involve establishing 
extraction bores downgradient of the 
existing PFAS plume to collect impacted 
groundwater. The water could be treated 
and discharged to the Warrill Creek or 
Bremer River, or reinjected to the 
groundwater system downgradient of the 
extraction bores. It may also be possible to 
reinject the water without treatment 
upgradient of the identified source areas 
(i.e. recirculation). 

The objective of this option would be to restrict migration 
of PFAS impacted groundwater from the Base entering 
Warrill Creek or Bremer River. This option would not 
address risks associated with surface water 
contamination. 

1. Design of extraction, treatment and reinjection of discharge 
systems 

2. Planning and approvals, including water allocations. 

3. Installation of groundwater extraction wells, pumping systems 
and infrastructure. 

4. Installation of treatment system (if required). 

5. Installation of reinjection wells or discharge systems and 
infrastructure. 

6. Ongoing treatment (if required), reinjection and disposal of spent 
media 

7. Ongoing monitoring 
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ID Management option title Management option description Objective and contribution to risk reduction Main components and supplementary requirements 

Receptor management options 

9 Institutional controls Institutional controls to limit potential 
human exposures to PFAS. 

On-Base this would include controls to 
ensure construction and maintenance 
workers are implemented prior to ground 
disturbance works in PFAS source zones. 

Off-Base this would include guidance to 
property owners, property users or other 
community members not to undertake 
certain activities that could result in 
potentially elevated risks (e.g. use of 
impacted surface water or groundwater for 
drinking water supply). 

The objective of these controls would be to reduce risks to 
human health by eliminating exposure pathways. 

1. Define management zones, current and potential risks and 
actions required to reduce or eliminate risks 

2. For on-Base areas, ensure CSR is updated with source zones 
and associated risk controls identified. 

3. For off-Base areas, liaise with State and Local agencies to 
determine appropriate mechanisms to control actions, 
responsibilities and monitoring. This could include: 

Advice on Defence and agency websites 

Information on Council planning certificates 

Advice to applicants for groundwater licenses 

Signage 

Maintenance of a community information line 
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E3 Detailed options analysis 
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TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Administrative controls

Option applicability Applicable Applicable Applicable Applicable Applicable Not Applicable Not Applicable Not Applicable Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 4

2 Effectiveness Rating Medium with supplementary option Medium with supplementary option High High High Medium

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Both primary and extended

4
Potential Impacts (Environmental & 
Socioeconomic)

Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Moderate Moderate Moderate Moderate Moderate Moderate

6 Proportion of Action to Risk Scale and cost proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies No dependencies

12 Defence Capability Unlikely to affect capability Could affect capability Could affect capability Unlikely to affect capability Could affect capability Unlikely to affect capability

13 Project Fit Consistent with other sites To be confirmed To be confirmed Consistent with other sites Consistent with other sites Consistent with other sites

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence Defence Defence Defence Defence Defence

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only

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

PFAS impacted material would 
remain at these CPSAs, so effective 

administrative controls would 
continue to be required to manage 

human health risks. CPSA N is 
already largely capped (hardstand), 

so exposure risk arises through 
constuction activities that may 

require disturbance of shallow sub-
soils.    

PFAS impacted material would 
remain at these CPSAs, so effective 

administrative controls would 
continue to be required to manage 

human health risks. CPSA N is 
already largely capped (hardstand), 

so exposure risk arises through 
constuction activities that may 

require disturbance of shallow sub-
soils. Logistical challenges 

associated with excavation of soil 
near the operational Fire Station 

(CPSA N).     

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 

residual PFAS impacted 
soils.Logistical challenges 

associated with excavation of soil 
near the operational Fire Station 

(CPSA N)

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 

residual PFAS impacted 
soils.Logistical challenges 

associated with excavation of soil 
near the operational Fire Station 

(CPSA N)

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 
residual PFAS impacted soils.  

Logistical challenges associated 
with excavation of soil near the 

operational Fire Station (CPSA N)

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

Base personnel with soil / sediment 
within these primary CPSA.  

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

Base personnel with soil / sediment 
within these primary CPSA.  

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

Base personnel with soil / sediment 
within these primary CPSA.  

Controls would include general best 
practice construction health, safety 

and environmental management 
practices. Medium effectiveness 
rating as there is a risk that full 
compliance with administrative 
controls will not be achieved.

RISK GROUP 1 - MAJOR PFAS SOURCE AREAS CPSA A & CPSA N

Comments
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1.     CPSA A - Former Top Side Aviation Fire Training Area and current FTA Pad
2.     CPSA N - Fire Station 

1.     Human Health: Incidental direct contact with PFAS in soil and sediment where Base personnel (including contractors) are undertaking regular soil disturbance work

Source Management Pathway Management

Page 1 of 6
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TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Applicable Applicable Applicable Applicable Applicable Not Applicable Not Applicable Not Applicable Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 4

2 Effectiveness Rating Medium with supplementary option Medium with supplementary option High High High Medium

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Both primary and extended

4
Potential Impacts (Environmental & 
Socioeconomic)

Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Marginal Marginal Marginal Marginal Marginal Moderate

6 Proportion of Action to Risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost proportionate to risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies Some dependencies Some dependencies Some dependencies Some dependencies Some dependencies No dependencies

12 Defence Capability Unlikely to affect capability Could affect capability Could affect capability Could affect capability Could affect capability Unlikely to affect capability

13 Project Fit To be confirmed To be confirmed To be confirmed Consistent with other sites Consistent with other sites Consistent with other sites

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence Defence Defence Defence Defence Defence

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only

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

PFAS impacted material would 
remain at these CPSAs, so effective 

administrative controls would 
continue to be required to manage 

ecological health risks.     

PFAS impacted material would 
remain at these CPSAs, so effective 

administrative controls would 
continue to be required to manage 
ecological health risks. Logistical 

challenges associated with 
excavation of soil in operational 

areas (CPSA W)     

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 

residual PFAS impacted 
soils.Logistical challenges 

associated with excavation of soil 
near the Fire Fighting Training 

School (CPSA W)

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 

residual PFAS impacted 
soils.Logistical challenges 

associated with excavation of soil 
near the Fire Fighting Training 

School (CPSA W)

Assumes treatment of point source 
zones only.

Institutional controls would still be 
required to manage risks from 
residual PFAS impacted soils.  

Logistical challenges associated 
with excavation of soil near the Fire 
Fighting Training School (CPSA W)

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

terrestrial ecosystems.   

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

terrestrial ecosystems.   

This option does not address the 
primary risk exposure mechanism, 
which relates to direct contact by 

terrestrial ecosystems.   

Controls would include measures to 
restrict access to these CPSAs by 

sensetive ecological receptors.
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1.     Ecological Health: Direct toxicity to terrestrial ecosystems
2.     Ecological Health: Bioaccumulation and effects on higher order consumers within terrestrial ecosystems 

Source Management Pathway Management

RISK GROUP 2 - MAJOR PFAS SOURCE AREAS CPSA A, C, G, W, X, CC

1.     CPSA A – Former Top Side Aviation Fire Training Area and current FTA Pad
2.     CPSA C – Frogs Hollow Former Fire Training School 
3.     CPSA G – Former FTA and Operations Testing Area 
4.     CPSA W – Fire Fighting Training School
5.     CPSA X – Former Structural and Open Pit Fire Training Area
6.     CPSA CC - Former Landfill adjacent to Warrill Creek
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TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Applicable Applicable Applicable Applicable Applicable Applicable Applicable Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 3 Category 2 Category 1

2 Effectiveness Rating High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Primary Primary Both primary and extended

4
Potential Impacts (Environmental & 
Socioeconomic)

Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Moderate Moderate Moderate Moderate Moderate Moderate Moderate Significant

6 Proportion of Action to Risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost proportionate to risk

Scale and cost marginally 
proportionate to risk

Scale and cost disproportionate to 
risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies No dependencies No dependencies No dependencies No dependencies No dependencies No dependencies No dependencies Some dependencies

12 Defence Capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability

13 Project Fit To be confirmed To be confirmed To be confirmed Consistent with other sites Consistent with other sites Consistent with other sites Consistent with other sites To be confirmed

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only

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

Comments

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in ensuring capping of all 
source zone material and restriction 

of leaching to sewer. Therefore 
moderate risk to achieving high 

effectiveness.
Other source zone control options 

considered lower risk and more 
accepted industry practice.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option.  Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness. 

Institutional controls would still be 
required to manage risks from 

secondary source (sediments) in 
Warrill Creek. 

This option would require diversion 
of multiple discharge points to a 

single point where treatment could 
occur. This option would be most 

effective in combination with a 
source management option and 

efforts to reduce infiltration into the 
stormwater / sewer network.  

This option would require ongoing 
operation and comprise groundwater 

extraction with treatment and 
discharge to the Warrill Creek. 

Identified risks relate to off-Base 
receptors, as such receptor 
management actions are not 

applicable. 

1.     Base property (diffuse source) contribution via groundwater
2.     Multi-source contribution via various open lined surface discharge points along Warrill Creek. Contributing source areas include former fire training and landfill areas  
3.     Multi-source contribution via various underground discharge points along Warrill Creek. Contributing source areas include former fire training and landfill areas  
4.     CPSA C (Frogs Hollow Former Fire Training School) contribution via open lined surface discharge point DP24

RISK GROUP 3 - WARRILL CREEK
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1.     Human Health: Consumption of fish caught from Warrill Creek adjacent to the Base - current Queensland Health advice is not to consume fish caught in the Investigation Area due to presence of PFAS
2.     Human Health: Multiple exposures relating to the consumption of home-grown eggs and beef products, fish and crustaceans from waterways, incidental direct contact with water and swimming in waterways.   
3.     Ecological Health: Direct toxicity to aquatic ecosystems
4.     Ecological Health: Bioaccumulation and effects on higher order consumers within aquatic ecosystems 

Source Management Pathway Management

Page 3 of 6
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TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

1 Cost Range Estimate

2 Effectiveness Rating

3 Implementation Period / Timeframe

4
Potential Impacts (Environmental & 
Socioeconomic)

5 Estimated Net Environmental Benefit

6 Proportion of Action to Risk

7 Best-Practice Status

8 Verification Status

9 Technology Assessment

10 Risks and Mitigation

11 Key Dependencies

12 Defence Capability

13 Project Fit

14 Scalability

15 Jurisdictional Regulator/s

16 Owner / Occupier Consents and Views

17 Community

Identified risks relate to off-Base 
receptors, as such receptor 
management actions are not 

applicable. 

1.     Base property (various sources) contributing towards discharge of PFAS into Warrill Creek via effluent, groundwater and surface water. Water from the creek containing PFAS has been used for irrigation which has resulted in PFAS in soils / sediments / pasture 
at offsite properties.
2.     Base property (various sources) contributing towards PFAS in groundwater. Groundwater containing PFAS has been used for irrigation which has resulted in PFAS in soils / sediments / pasture at offsite properties.

1.     Human Health: Consumption of eggs on properties where chickens have regular access to PFAS in soil or where water containing PFAS is used for irrigation
2.     Human Health: Consumption of home-slaughtered beef meat on properties where cattle have regular access to PFAS in soil / sediment / pasture, or where water containing PFAS is used for irrigation
3.     Human Health: Consumption of home-slaughtered beef offal (liver and / or kidney) on properties where cattle have regular access to PFAS in soil / sediment / pasture, or where water containing PFAS is used for irrigation
4.     Human Health: Multiple exposures relating to the consumption of home-grown eggs and beef products, fish and crustaceans from waterways, incidental direct contact with water and swimming in waterways.  
5.     Human Health: Potential future exposure through consumption of home-grown eggs, fruit and vegetables at properties where this does not currently occur but may in the future 
6.     Human Health: Potential future exposure through consumption of home-slaughtered beef at properties where this does not currently occur but may in the future     

Source Management Pathway Management

RISK GROUP 4 - PROPERTIES ADJACENT TO WARRILL CREEK
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Comments
No source or pathway controls are considered applicable to this risk group due to the relatively low level, yet widespread distribution of PFAS that is present at these properties. Management options in such a case are not likely to be cost effective. Given these properties are prone to flooding (and 

associated deposition of sediments from elsewhere within the river system that may contain PFAS), source management actions may need to be repeated.  
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TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater

Option applicability Applicable Applicable Applicable Applicable Applicable Applicable Applicable Applicable

1 Cost Range Estimate Category 3 Category 2 Category 2 Category 2 Category 2 Category 3 Category 2 Category 1

2 Effectiveness Rating High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High with supplementary option High

3 Implementation Period / Timeframe Primary Primary Primary Primary Primary Primary Primary Both primary and extended

4
Potential Impacts (Environmental & 
Socioeconomic)

Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact Neutral E&SE impact

5 Estimated Net Environmental Benefit Moderate Moderate Moderate Moderate Moderate Moderate Moderate Significant

6 Proportion of Action to Risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost marginally 

proportionate to risk
Scale and cost proportionate to risk

Scale and cost marginally 
proportionate to risk

Scale and cost disproportionate to 
risk

7 Best-Practice Status Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice Accepted industry practice

8 Verification Status Technology verified Technology partially verified/in trial Technology partially verified/in trial Technology verified Technology verified Technology verified Technology verified Technology verified

9 Technology Assessment Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges Some logistical challenges

10 Risks and Mitigation Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk Moderate risk

11 Key Dependencies No dependencies No dependencies No dependencies No dependencies No dependencies No dependencies No dependencies Some dependencies

12 Defence Capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability Unlikely to affect capability

13 Project Fit To be confirmed To be confirmed To be confirmed Consistent with other sites Consistent with other sites To be confirmed Consistent with other sites To be confirmed

14 Scalability Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled Able to be scaled

15 Jurisdictional Regulator/s Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government Defence, Queensland Government

16 Owner / Occupier Consents and Views Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only Internal views / consents only

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

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in ensuring capping of all 
source zone material and restriction 

of leaching to sewer. Therefore 
moderate risk to achieving high 

effectiveness.
Other source zone control options 

considered lower risk and more 
accepted industry practice.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option. Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness.

Reducing infiltration into the 
stormwater / sewer network would 

also be required in combination with 
this option.  Some logistical 

challenges in excavating source 
zone material and restriction of 
leaching to sewer. Therefore 

moderate risk to achieving high 
effectiveness. 

Institutional controls would still be 
required to manage risks from 

secondary source (sediments) in 
Warrill Creek. 

This option would require diversion 
of multiple discharge points to a 

single point where treatment could 
occur. This option would be most 

effective in combination with a 
source management option and 

efforts to reduce infiltration into the 
stormwater / sewer network.  

This option would require ongoing 
operation and comprise groundwater 

extraction with treatment and 
discharge to the Bremer River. 

Identified risks relate to off-Base 
receptors, as such receptor 
management actions are not 

applicable. 
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s 1.     Base property (diffuse source) contribution via groundwater

2.     CPSA A (Former Top Side Aviation Fire Training Area and current FTA Pad) and CPSA U (38 Squadron Hangar) contribution via open lined surface dischage point DP5
3.     CPSA U (38 Squadron Hangar) contribution via open lined surface dischage point DP6
4.     CPSA N (Fire Station) contribution via open lined surface dischage point DP9

1.     Human Health: Consumption of fish caught from Bremer River adjacent to the Base - current Queensland Health advice is not to consume fish caught in the Investigation Area due to presence of PFAS
2.     Human Health: Multiple exposures relating to the consumption of home-grown eggs and beef products, fish and crustaceans from waterways, incidental direct contact with water and swimming in waterways.   
3.     Ecological Health: Direct toxicity to aquatic ecosystems
4.     Ecological Health: Bioaccumulation and effects on higher order consumers within aquatic ecosystems 

Source Management Pathway Management
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Comments

RISK GROUP 5 - BREMER RIVER
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PFAS MANAGEMENT AREA PLAN – RAAF BASE WAGGA

TABLE E3 : DETAILED OPTIONS ASSESSMENT

RISK GROUP :

`

Contributing Sources

Relevant Risk Aspects

Management Option Category Receptor Management

Management Option ID 1. Capping
2. Excavation and on-site 

stabilization of soil
3. Excavation and on-site treatment 

of soil
4. Excavation and on-site 

containment of soil
5. Excavation and off-site treatment 

or disposal of soil
6. Restriction of PFAS infiltration to 

sewer and stormwater networks
7. Ex-situ treatment of stormwater 8. Ex-situ treatment of groundwater 9. Precautionary advice

Option applicability Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

1 Cost Range Estimate

2 Effectiveness Rating

3 Implementation Period / Timeframe

4
Potential Impacts (Environmental & 
Socioeconomic)

5 Estimated Net Environmental Benefit

6 Proportion of Action to Risk

7 Best-Practice Status

8 Verification Status

9 Technology Assessment

10 Risks and Mitigation

11 Key Dependencies

12 Defence Capability

13 Project Fit

14 Scalability

15 Jurisdictional Regulator/s

16 Owner / Occupier Consents and Views

17 Community

Identified risks relate to off-Base 
receptors, as such receptor 
management actions are not 

applicable. 

1.     Base property (various sources) contributing towards discharge of PFAS into Bremer River via groundwater and surface water. Water from the river containing PFAS has been used for irrigation which has resulted in PFAS in soils / sediments / pasture of offsite 
properties.
2.     Base property (various sources) contributing towards PFAS in groundwater. Groundwater containing PFAS has been used for irrigation which which has resulted in PFAS in soils / sediments / pasture at offsite properties.

1.     Human Health: Multiple exposures relating to the consumption of home-grown eggs and beef products, fish and crustaceans from waterways, incidental direct contact with water and swimming in waterways.  
2.     Human Health: Potential future exposure through consumption of home-grown eggs, fruit and vegetables at properties where this does not currently occur but may in the future 
3.     Human Health: Potential future exposure through consumption of home-slaughtered beef at properties where this does not currently occur but may in the future     

Source Management Pathway Management

No source or pathway controls are considered applicable to this risk group due to the relatively low level, yet widespread distribution of PFAS that is present at these properties. Management options in such a case are not likely to be cost effective. Given these properties are prone to flooding (and 
associated deposition of sediments from elsewhere within the river system that may contain PFAS), source management actions may need to be repeated.  
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RISK GROUP 6 - PROPERTIES ADJACENT TO BREMER RIVER
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GLOSSARY  

AFFF Aqueous Film-Forming Foam 

AEP Annual Exceedance Probability 

AHD Australian Height Datum 

AMTD Adopted Middle Thread Distance 

AS Australian Standard 

ANZECC Australian and New Zealand Environment and Conservation Council 

BFA Battle Field Airlifter Project 

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

BASO Base Aviation Safety Officer 

BGL Below Ground Level 

COC Chain of Custody 

CPSA Confirmed Primary Source Area 

CSM Conceptual Site Model 

DES Queensland Department of Environment and Science 

DNSIMS Defence National Spatial Information Management System 

DO Dissolved Oxygen 

DoEE Commonwealth Department of Environment and Energy 

DP Drainage Point 

DSI Detailed Site Investigation 

DQI Data Quality Indicators 

DQO Data Quality Objectives 

EC Electrical Conductivity  

ECC Environmental Clearance Certificate 

EDQ Economic Development Queensland 
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enHealth enHealth is a subcommittee of the Australian Health Protection 
Principal Committee 

EPA Environment Protection Authority (or relevant state/territory jurisdiction) 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 

EMOS Estate Maintenance and Operation Services 

ERA Ecological Risk Assessment 

FTA Fire Training Area 

GDE Groundwater Dependent Ecosystems 

GMA Groundwater Management Area 

Ha Hectares 

HEPA Heads of EPAs Australia and New Zealand  

HFCA Hansen’s Farm Conservation Area 

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

IROL Interim Resource Operations Licence 

IA Investigation Area 

Km Kilometres 

LOR Limit of Reporting 

Management Area The geographical area subject to Defence response actions  

MOWP Method Of Works Plan 

NATA National Association of Testing Authorities  

NC Regulation Nature Conservation Regulation 2006 

NEMP PFAS National Environmental Management Plan 

NHMRC National Health and Medical Research Council 

Off-site Off-Base 

OMP Ongoing Monitoring Plan 

ORP Oxidation-reduction potential 
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On-site On-Base 

PFAS Per- and polyfluoroalkyl Substances 

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

PFHxS Perfluorohexane Sulfonate 

PFOA Perfluorooctanoic acid 

PFOS Perfluorooctane sulfonic acid 

PMAP PFAS Management Area Plan 

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

QA Quality Assurance 

QC Quality Control 

RE Regional ecosystem 

Remediation Action Plan 
(RAP) 

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

RESM Regional Environment and Sustainability Manager 

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

SAQP Sampling and Analysis Quality Plan  

SME Seasonal Monitoring Event 

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

STP Sewage Treatment Plant 

SW Surface water 

SWL Standing Water Level 

TEC Threatened Ecological Community 

TSF Temporary Stockpile Facility 

TOC Total Organic Carbon 

TDS Total Dissolved Solids 
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TWG (Queensland Government) Technical Working Group  

UST Underground Storage Tank 

µg/L Micrograms per Litre 

VM Act Qld Vegetation Management Act 1999 

WuS Water Use Survey 
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1 INTRODUCTION 

1.1 Background  

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

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

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

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

1.1.1 The nature of PFAS 

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

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

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

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

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

 Some PFAS (including PFOS and PFOA) are environmentally persistent and bioaccumulate. 
This means that some plants may be susceptible to PFAS, via uptake through soil and water. 

                                                      

 

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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It then bio-accumulates and becomes a part of the food chain. The same process applies to 
some animals and fish. 

1.2 Objective  

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

Data on changes in the distribution, concentration, transport (pathways and flow rates) obtained via 
seasonal monitoring of groundwater, surface water and sediment, and transformation of the 
contaminants and assessment against appropriate guideline values provides: 

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

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

 The ability to assess whether the risk profile of the Site has changed and to monitor the 
effectiveness of the OMP. 

1.3 Scope  

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

 Monitor groundwater, surface water and sediment at confirmed primary source areas (CPSA) 
on-Base and migration of PFAS contamination off-Base. 

 Monitor PFAS migration in surface water and sediment in the stormwater networks on Base 
along drains and at discharge points to the Bremer River and / or Warrill Creek.  

 Monitor PFAS discharging from the Sewage Treatment Plant to Frogs Hollow Gully and into 
Warrill Creek via surface water and sediment sampling. 

 Monitoring of groundwater levels via data loggers to assess interaction between groundwater 
and surface water in Warrill Creek and the Bremer River. 

Site Setting Includes property description of Base, Management Area 
description, site setting to provide context to the monitoring 
program. 

Data Quality Objectives 
and Sampling Program 

Sampling locations, analytical methodology and sampling 
frequency. 
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1.4 Management Area 

The Management Area refers to the geographical extents of ongoing monitoring associated with the 
PFAS investigation at RAAF Base Amberley as well as locations where the DSI, HHRA and ERA 
have identified potential risks of exposure to PFAS that require management by Defence. The 
Management Area encompasses the following areas: 

 RAAF Base Amberley – this area comprises the Base property.  

 Warrill Creek – this comprises a portion of the Warrill Creek adjacent to the southern 
boundary of the Base and extends as far downstream as the point of confluence with the 
Bremer River. This includes private properties adjacent to the Base along this stretch of the 
creek. Note: this represents what has previously been referred to as Area 1 in the DSI, HHRA 
and ERA documents. 

 Bremer River – this comprises a portion of the Bremer River adjacent to the northern and 
eastern boundaries of the Base and extends as far downstream as Cribb Park. This area 
includes private properties adjacent to the stretch of river adjacent to the Base as far 
downstream as Berry’s Weir. Note: this represents what has previously been referred to as 
Area 2 and 3 in the DSI, HHRA and ERA documents. 

The Management Area does not encompass the Bremer River and adjacent properties to the north 
and north-west of the Base (upstream of the section of the Bremer River referred to above), Purga 
Creek to the south of the Base and the Leichhardt Residential Area. Note: these represent what has 
previously referred to as Area 4, 5 and 6 respectively in the DSI, HHRA and ERA. Potential risks 
relevant to these areas assessed as part of the HHRA or ERA were deemed to be low and acceptable 
but nonetheless ongoing monitoring has been recommended in Area 4 and 5 in order to confirm 
temporal / seasonal trends in PFAS concentrations. 

The extent of the Management Area is are shown in Figure 1. 

1.5 Document Review 

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

This OMP has been prepared based on information available at the time of writing and relies on the 
findings of the Detailed Site Investigation (DSI), risk assessment and strategic management of 
potentially elevated risks assessed in the PFAS Management Area Plan (PMAP). Defence recognises 
that there may still be gaps in information that will be progressively addressed while impacted sites 
are being managed. 

This document will be reviewed and updated in accordance with the strategy detailed in Section 5. 

1.6 Constraints and assumptions 

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

 The OMP focusses on monitoring of general changes and variability in the nature and extent 
of PFAS contamination in the medium to long term. Specific sampling requirements to 
investigate or validate remediation actions are not addressed in this OMP. 
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 The proposed monitoring locations have prioritised public land to reduce inconvenience to 
private land owners. Where sampling on private land is necessary, permission will be 
requested from the landowner prior to any sampling. 
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2 SITE SETTING  

2.1 Management Area Description 

The Management Area comprises the Base property, which occupies an area of approximately 2,030 
hectares (ha). Of this, approximately 1,600 ha is used for operational purposes, while the remaining 
approximately 430 ha is leased for agricultural or commercial use.  

The Management Are also includes the geographic extents of ongoing monitoring nominated in this 
Ongoing Monitoring Plan as well as encompassing off-base areas where risks that have the potential 
to become elevated have been identified that require management. This Management Area 
encompasses the following specific areas where risks that have the potential to become elevated 
have been identified: 

 Warrill Creek – this area comprises the Warrill Creek adjacent to the southern boundary of the 
Base and extends as far downstream as the point of confluence with the Bremer River. This 
area includes private properties adjacent to the Base along this stretch of the creek. Private 
properties that lie within this area are used for agriculture and rural residential purposes. 
Note: this area represents what has previously been referred to as Area 1 in the DSI, HHRA 
and ERA documents.  

 Bremer River – this area comprises the Bremer River adjacent to the northern and eastern 
boundaries of the Base and extends as far downstream as Cribb Park. This area includes 
private properties adjacent to the stretch of river adjacent to the Base as far downstream as 
Berry’s Weir. Private properties that lie within this area are used for agriculture and rural 
residential purposes. Note: this represents what has previously been referred to as Area 2 
and 3 in the DSI, HHRA and ERA documents. 

The Management Area does not encompass the Bremer River and adjacent properties to the north 
and north-west of the Base (upstream of the section of the Bremer River referred to above), Purga 
Creek to the south of the Base and the Leichhardt Residential Area. Note: these represent what has 
previously referred to as Area 4, 5 and 6 respectively in the DSI, HHRA and ERA. Potential risks 
relevant to these areas assessed as part of the HHRA or ERA were deemed to be low and acceptable 
but nonetheless ongoing monitoring has been recommended in Area 4 and 5 in order to confirm 
temporal / seasonal trends in PFAS concentrations. 

The Management Area is presented in Figure 1, with potentially elevated risks relevant to each area 
described in Section 1.4 of the PMAP.  

Further details regarding the Base are presented in the following section, while the broader 
environmental setting of the Management Area is described in Section 2.2. 

2.1.1 RAAF Base Amberley 

RAAF Base Amberley (the Base) is the largest operational air force base in the Defence estate with over 
7,000 Base personnel. It is located 7 kilometres (km) west of Ipswich and 50 km southwest of Brisbane. 
The facility is approximately 2,030 ha in area and includes the Base itself as well as several parcels of 
Defence owned land to the east and south of the Base. The Base details are listed in Table 1. 
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Property Name RAAF Base Amberley 

Address Southern Amberley Road, Amberley, Queensland 

Coordinates Northern boundary: 273608.92 S, 1524139.18 E 

Southern boundary: 273917.50 S, 1524257.17 E 

Eastern boundary: 273809.06 S, 1424353.04 E 

Western boundary: 273806.10 S, 1524049.85 E 

South western point: 273905.38 S, 1524125.91 E 

North western point: 273737.99 S, 1524007.07 E 

North eastern point: 273659.71 S, 1524250.53 E 

South eastern point: 273836.01 S, 1524351.63 E 

Property Owner Department of Defence 

Lot and Plan The Base consists of 716 property Lots 

Current Property Use Military Aircraft Base 

Size ~2,030 ha, with ~1,600 ha used for operational purposes and the 
remaining area leased for agricultural or commercial use 

Local Government Area Ipswich City Council 

 

The Base operates two runways. The main runway runs approximately north-to-south, parallel to the 
eastern boundary. The second runway is shorter and runs southwest to northeast and is located in the 
southern part of the Base. Parallel to the main runway is a taxiway that services both runways and 
provides access to the main hangars. 

The majority of the operational areas, historic, current and ‘planned for the future’ are located to the west 
of the runways and taxiways. Operational areas include: 

 The main hangars for 1 Squadron, 6 Squadron and 38 Squadron. 
 Short term accommodation for military personnel. 
 The redeveloped fire training area (FTA) pad. 
 The fire-fighter training school. 
 Logistics facilities. 
 Military dog training facilities. 
 Fuel facilities. 
 An AFFF holding tank. 
 Engine test facilities. 
 Battlefield Airlifter Project (BFA) (at the former Fuel Farm 1 location). 
 C17 Globemaster III maintenance and facilities project offices and car parking. 
 Temporary Stockpile Facility (TSF) for PFAS impacted soils. 
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2.2 Management Area Setting 

This section provides a summary of the environmental setting of the Management Area. Further 
detailed information is presented in the DSI (CH2M, 2018). 

2.2.1 Climate 

The climate within the Amberley area is warm and temperate with annual average day-time 
temperatures ranging from 21°C in July to 31°C in January (BoM, 2019). There is a defined wet 
season from December through March, with the months from April to November being relatively dry. 

2.2.2 Topography 

The Base is approximately 2,030 ha and is mostly located in the floodplains of the Bremer River, and 
Purga and Warrill Creeks. 

The runways, taxiways and hangars are located below the 30 m Australian Height Datum (AHD) 
contour line within the flood plains where the topography is very flat (surface gradients of 0.003 to 
0.005). In the central west of the Base the topography raises above the floodplain to topographical 
highs of 50 m AHD in the south to the south of Frogs Hollow Gully and 60 m AHD in the west at the 
Fire Fighter Training School. The majority of the other operational areas and accommodation are 
located in this area above the floodplains. 

2.2.3 Regional and Local Geology 

The Ipswich 1:100,000 Geological Map Sheet SG56-14-9442 (Geological Survey of Queensland, 
1971) identifies the surficial geology at the Base as consisting of: 

 Quaternary Floodplain Alluvium (Qa), comprising silt, gravel and clay in the eastern and lower 
elevation portions of the property. 

 Tertiary claystone, siltstone, sandstone and basalt (Ts/1) in the west-central, higher elevation 
portions of the property. 

 Tertiary basalt (Tv/1), Amberley Basin basalt in the northwest-central and southwest-central 
portions of the property. 

In addition, the following units are present at the surface along the property’s perimeter: 

 Jurassic Walloon Coal Measures (Jw), comprising shale, siltstone, sandstone and coal 
seams, cropping out along the western property boundary. 

 Quaternary (Holocene) terrace alluvium (Qha/1, Qha/2), lowest river terrace comprising 
gravel, sand, silt and clay along the Bremer River and Warrill Creek at the northern, southern, 
and eastern boundaries, respectively. 

2.2.4 Regional and Local Hydrogeology 

Regional groundwater flow is predominantly from the west towards the east. The West Ipswich Fault 
zone may be acting as a barrier to groundwater flow in the Walloon Coal Measures, causing upwelling 
of groundwater and discharge to the Bremer River and various wetlands in the area. However, as the 
fault zone is pre-Tertiary in age, it is unlikely to have an influence on groundwater in the Quaternary 
and Tertiary formations. 

The three main geological formations and deposits of varying ages comprise water-bearing units 
beneath the Base including: Quaternary Floodplain Alluvium, Tertiary Formation, and the Walloon 
Coal Measures. 
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Quaternary Floodplain Alluvium 

The Quaternary Floodplain Alluvium is one of the main aquifers underlying the property. This aquifer 
is a shallow unconfined system, 10 to 13 m in thickness. It is comprised of sand, silt and clay. The 
sand and sandy clay horizons are the predominant water bearing zones.  

The groundwater in the alluvium is suitable for most stock, domestic and irrigation purposes, but is 
marginal for human consumption. 

Tertiary Formation 

The Tertiary Formation outcrops in the west-central, higher elevation areas of the property and 
contains a weathered clay upper profile and more competent clay and basalt in the lower portion. In 
lower elevation areas of the base, the Tertiary Formation underlies the Quaternary Floodplain 
Alluvium.  

The QLD Government Groundwater Database (Queensland Government, 2020) indicates that 
groundwater in the Tertiary Formation is saline and has an average yield of 0.65 L/s. Beneficial use of 
groundwater in the Tertiary Formation has been reported as being limited to stock watering. Where it 
crops out in the western portion of the property, the Tertiary Formation is likely recharged by direct 
infiltration of rainfall. 

Walloon Coal Measures 

The Jurassic Walloon Coal Measures underlie the Tertiary Formation and are comprised of low 
permeability shale, coal, siltstone and sandstone. The coal measures are approximately 250 to 300 m 
thick near the property (PB, 2014).  

At the basin scale, the coal measures are considered to be an aquitard (Cui et al., 2017). However, 
some parts of the coal measures may function as an aquifer, particularly the coal seams. Although the 
coal seams are discontinuous and represent only a small proportion of the total unit thickness, they 
are generally more permeable than the low permeability siltstones and fine-grained sandstone that 
dominate the unit. Based on the discontinuous nature of the coal seems the likelihood of substantial 
groundwater flow and PFAS migration in the Walloon Coal Measures is low. 

Hydrogeological Units 

The Alluvium and Tertiary Formation were shown to be relatively well connected and could be treated 
as one hydrogeological unit. The available data suggested there was some hydraulic connection 
between the Alluvium/Tertiary Hydrogeologic Unit and the Walloon Coal Measures; however, the 
geologic data indicated vertical and horizontal flow in this unit may be restricted by lower hydraulic 
conductivity zones and therefore the Walloon Coal Measures were treated as a separate 
hydrogeological unit. 

Local Groundwater Flow 

The water table at the Base has generally been encountered at depths between 10 to 15 mBGL. 
Groundwater flow beneath the Base in both the Quaternary/Tertiary Hydrogeological Unit and the 
Walloon Coal Measures is predominantly from the higher elevation central-west areas of the Base 
north and east towards the Bremer River and south towards Warrill Creek.  

For the Quaternary/Tertiary Hydrogeological Unit contours indicate that groundwater flows from the 
potentiometric highs at MW27 and MW26 radially to the north, east and south through the Tertiary 
Formation. As the topography flattens out across the Alluvial floodplain, the contours indicate that 
groundwater flow continues to the northeast, east and southeast through the Alluvium. 
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For the Walloon Coal Measures, the contours indicated that across the developed areas of the Base, 
groundwater flow is from the potentiometric high in the west towards the east and southeast of the 
Base and are influenced mainly by topography over the longer distances. In the western portion of the 
Base, there is also the potential for groundwater to flow to the west in the Walloon Coal Measures 
(this may be influenced by water extraction at the coal mine located to the south-west of the property). 

Groundwater/Surface Water Connectivity 

PFAS is transported with both surface water and groundwater at the Base and therefore 
understanding the interaction between the groundwater and surface water is very important for PFAS 
management activities.  

Losing streams are characterised by groundwater elevations below the water level in the stream/river. 
Water from a losing stream discharges to groundwater and this condition. Areas where groundwater 
discharges to surface water are known as gaining streams. At the Base, these conditions have been 
shown to vary along the length of the Bremer River and potentially seasonally. It is more likely that 
Warrill Creek would be a losing stream for a majority of the time, given the flat topography of the 
floodplain in this area. 

Groundwater and surface water elevations within and adjacent to the Bremer River and Warrill Creek 
suggests that the Quaternary Floodplain Alluvium may be providing base flow to the rivers. An 
ephemeral water body, Frogs Hollow Gully is present in the south-west portion of the Base, it 
connects with Warrill Creek at the property boundary. Based on the climatic conditions, groundwater 
recharge and a likely rise of the groundwater table would occur through the wet season. This increase 
in water table elevation would have the potential to increase contaminant migration towards the 
surface water bodies during those wetter months. 

Perched Groundwater 

Investigations (CH2M, 2020a) confirmed the presence of perched groundwater at 2.1m BGL, near 
CPSAs M and N (former fire station and Fuel Farm 1). The perched groundwater is contaminated with 
PFAS. This perched water is considered to be associated with the underground storage tank (UST) pits. 
USTs and much of the impacted soil within Fuel Farm 1 have been removed as part of the BFA. It is not 
believed that perched groundwater is widespread as it has not been reported elsewhere at the Base. 

2.2.5 Surface Water 

The Base is within the Bremer River sub-catchment. The Bremer River sub-catchment is about 2,036 
km2 and is a major sub-catchment of the Brisbane River catchment. The main watercourses in the 
Bremer River sub-catchment within the Investigation Area include the Bremer River, Purga Creek and 
Warrill Creek. Purga and Warrill Creeks run in a south-to-north direction and follow the southern 
boundary of the Base before joining the Bremer River to the east of the Base. The Bremer River flows 
from the west and borders the northwest, northern and eastern extents of the Base.  

Warrill Creek originates 50 km southwest of the Base, with a catchment area of 920 km2. Flow into 
Warrill Creek is partly controlled by the Moogerah Dam on Reynolds Creek, a tributary of Warrill Creek. 
The Bremer River enters the Brisbane River 8 km downstream and to the northeast of the Base.  

The Brisbane River Catchment Flood Study provides mapping of the regional flood events. The 1 in 
20 annual exceedance probability (AEP) flood event shows that operational sections of the Base 
would be inundated during these flood events. 
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2.2.6 Base Management Area Drainage 

There is an extensive stormwater drainage system across the property that dates back to the 1940s. 
The drainage system is designed to avoid ponding. Drains on the property in operational areas 
ultimately discharge off-Base. The drainage system contains a variety of features, including: open, 
lined and unlined drains; covered lined drains; underground drainpipes and grated lined drains. 

A desktop connectivity survey was completed (PB, 2014) to assess the hydrology at the Base and the 
following conclusions were made: 

 Stormwater discharges to the Bremer River and Warrill Creek. 

 The stormwater system is designed to retain water during heavy rainfall, particularly in the 
northern portion of the property. As a result, stormwater flow rates into the Bremer River and 
Warrill Creek are restricted compared to the maximum potential flow rate. 

 Peaks in river flow can coincide with stormwater release from the property. 

 Overland flow paths discharge in four directions: 

 the northern portion of the Base to the north into the Bremer River 
 the western portion of the Base to the west into the Bremer River 
 the central and eastern portions of the Base to the east into the Bremer River 
 the Southern portion of the Base to the south-west into Warrill Creek 

 Discharge of treated water from the Base STP flows into Frogs Hollow Gully, which 
discharges to Warrill Creek. Flows from the STP alone are not sufficient to maintain constant 
flow in Frogs Hollow Gully (and therefore discharge to the Warrill Creek is not constant). 

Estimated stormwater runoff from the Base into the Bremer River and Warrill Creek accounts for 
approximately 1-3 % of the water flowing in these watercourses during rainfall events (PB, 2014). The 
majority of stormwater runoff from the Base to the Bremer River and Warrill Creek is typically 
generated during the wet season from October to March. 

During the DSI, 11 catchments and 27 drainage discharge points were identified through previous 
reports (Aurecon, 2013; PB, 2014) and Defence National Spatial Information Management System 
[NSIMS]). Detailed information on catchment areas and discharge points can be found in the DSI 
(CH2M, 2018). 

Water Use 

Three extraction licences exist downstream of the Base (one in Warrill Creek and two in the Bremer 
River) for the purposes of agriculture and irrigation. Due to the salinity concentrations ranging from 
500 – 5,000 mg/L and data from water use surveys completed in 2017 is considered unlikely that 
surface waters were used for potable purposes. It was identified that water from the Bremer River is 
also used for industrial water supplies. 

Stock watering 

Beneficial use of groundwater in the Tertiary Formation has been reported as being limited to stock 
watering, due to high salinity levels (Queensland Government, 2020) Average yield is 0.65 L/s. 
Landowners who adjoin waterways have ‘riparian rights’ under the Water Act, that permit the owner of 
land adjoining a watercourse to take from that stream for stock watering or domestic purposes without 
a licence. The Water Use Survey (WuS) identified properties that have access to water from the 
Bremer River, Warrill Creek or Purga Creek. It is important to note that stock watering from polluted 
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waterways is related to the risks that have the potential to become elevated that have been identified 
in the HHRA. 

2.2.7 Flora and Fauna 

A study (CH2M, 2019) was undertaken to determine the likelihood of the presence of listed protected 
flora and fauna species, or suitable habitat to support such species, within the Base and ERA 
Investigation Area off-Base. Ecological receptors which were identified included: 

 Mapped Remnant (pre-clearing) Regional Ecosystems under Queensland’s Vegetation 
Management Act 1999 (the VM Act).  

 Koala habitat and koalas. 

 Threatened Ecological Communities (TECs), listed threatened species, listed migratory 
species and listed marine species (birds) under the Environment Protection and Biodiversity 
Conservation Act (EPBC) Act. 

 Threated species listed under the Nature Conservation Regulation 2006, including amphibians. 

 Domestic animals and livestock. 

A field survey was also undertaken to assess the condition and habitat value of remnant vegetation, 
to further refine the likelihood assessment and to collect samples of grass and Eucalypt leaves for 
analysis of PFAS. The desktop study and field survey undertaken identified a total of fifteen species 
listed under the EPBC Act that may potentially be present on-Base or within the Investigation Area 
(IA) off-Base. Based on their dietary preference and feeding behaviour, thirteen of these species were 
identified to be key ecological species for the ERA. The identified key ecological receptors are 
summarised in Table 2 

Table 2 Summary of Key Receptor Species 

Primary Consumers1 Secondary Consumers2 Tertiary Consumers3 

Koala 
Magpie Goose 

Australian Painted Snipe 
Grey-headed Flying Fox 
Oriental Cockatoo 
Latham’s Snipe 
Cattle Egret 
Rainbow Bee-eater 

Powerful Owl 
Red Goshawk 
Osprey 
White-bellied Sea-eagle 
Great Egret 

1. Herbivores that feed on plants. 

2. Animals that feed on primary consumers. This includes omnivores, insectivores and carnivores. 

3. Animals that are at the top of the food chain (often referred to as apex predators) and eat primary and secondary consumers. 
Tertiary consumers have no natural predators. 

Non-listed (common) fauna identified during the CH2M field investigation and historical report review 
included the Eastern Grey Kangaroo; Common Brushtail Possum; Sugar Glider; Squirrel Glider; and 
Wood Duck (CH2M, 2019). 

Aquatic ecosystems 

Aquatic ecological values identified in the DSI and ERA, relevant to the Management Area, are: 

 Aquatic ecosystems including native aquatic fish species present in surface water such as 
creeks and rivers. 

 Mapped Groundwater Dependent Ecosystems (GDEs). These ecosystems require access to 
groundwater either permanently or on an intermittent basis to meet their water requirements. 
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The Queensland Department of Agriculture and Fishery provided guidance on the species of edible 
fish that would likely be present within main watercourses of the DSI IA (CH2M, 2018). For the 
Bremer River, the edible species identified were Australian Bass; Threadfin Salmon; Yellowfin Bream; 
Mullet; Catfish and Long-finned Eel. For the Warrill Creek, these were: Australian Bass; Golden 
Perch; Silver Perch and Long-finned Eel. 

A more detailed overview of freshwater fish and crustacea within the Management Area is presented 
in the DSI (CH2M, 2018). 

2.2.8 Current and Projected Land Uses 

Land to the north, south and west of the Base is surrounded largely by rural residential areas and 
several urban suburbs. Land is used for grazing, some cropping, mining and small acreages/hobby 
farms. East of the Base, land uses changes from rural to industrial and residential approaching the 
City of Ipswich. Warrill Creek and the Bremer River form part of the boundary of the Base. Within the 
City of Ipswich, residential development and parkland areas are found adjacent to these 
watercourses. Kayaking, canoeing, fishing and swimming are popular recreational activities in these 
waterways. 

2.3 Extent of contamination 

2.3.1 Source areas 

The DSI identified 29 Confirmed Primary Source Areas (CPSAs) for PFAS on-Base which are shown 
in Figure 3 of the PMAP. Following completion of the HHRA and ERA (and in consideration of the 
updated CSM for the Base, 15 of these source areas are considered relevant from the perspective of 
contributing materially towards potential risk. These source areas are identified below: 

Source areas with a high relative contribution toward potential risk: 

 CPSA A – Former Topside Aviation Fire Training Area and current Fire Training Area Pad 
 CPSA D – Sewage Treatment Plant 

Source areas with a moderate relative contribution toward potential risk: 

 CPSA N – Fire Station 
 CPSA V – AFFF Wastewater Holding Tank 
 CPSA W – Fire Fighting Training School 
 CPSA X – Former Structural and Open Pit Fire Training Area 

Source areas with a low relative contribution toward potential risk: 

 CPSA B - Hangar 410 (Building 410) and Former Landfill 
 CPSA C – Frogs Hollow Former Fire Training School  
 CPSA G – Former FTA and Operations Testing Area 
 CPSA J – Former Fire Training Area, Operations Testing Area and Bomb Replacement Apron 
 CPSA M – Former Fuel Farm 1 
 CPSA U – 38 Squadron Hangar 
 CPSA Y – Former Secondary Fire Training Area 
 CPSA DD – HS748 Former Fire Training Area on Disused Runway 
 CPSA CC – Former Landfill 
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2.3.2 Transport pathways and receptors 

Surface water and stormwater 

PFAS contaminated surface water primarily discharges from the Base to the east into the Bremer 
River, and south to Warrill Creek, through the Base stormwater drainage network and across land. 
Surface water on the Base is also discharged from the Base to the north west and north into the 
Bremer River, however the impact of PFAS in the Bremer River is much lower in these directions.  

The extraction and use of surface water (primarily for irrigation) and riverine flooding are considered 
the most important pathways for the transfer of PFAS in the Bremer River and Warrill Creek to off-
Base land within the IA. The highest concentrations of PFAS in surface water and sediment occur 
east and south of the Base and relate to PFAS in surface water and groundwater discharged from the 
Base in these directions. 

PFOS+PFHxS has been found to consistently exceed drinking water guidelines east (downstream of 
major drainage point DP5) and south of the Base downstream of the Frogs Hollow discharge point 
into Warrill Creek. PFOS has been found to exceed ecological guidelines in these areas. PFAS has 
been found in surface water downstream of the confluence of the Bremer River and Warrill Creek to 
the boundary of the IA with concentrations that exceed drinking water and ecological guidelines.  

Substantially lower concentrations of PFAS have been detected in surface water and sediment north 
and west of the Base. Concentrations are below drinking water guidelines and recreational guidelines, 
and below ecological guidelines (95% species protection) in these areas. The source of PFAS in 
these areas are CPSAs on the Base, that discharge to the west and north. 

Groundwater 

PFAS contaminated groundwater in the Tertiary-Alluvium groundwater aquifer is primarily discharged 
from the Base to the east into the Bremer River, and south to Warrill Creek. Exceedances of the 
drinking water guideline were reported for groundwater samples analysed from downgradient 
monitoring wells adjacent to the southern and eastern Base boundaries. Based on the distribution of 
PFAS in groundwater in the Alluvium and Tertiary Formation, it is expected that there is horizontal 
migration in groundwater along the direction of the prevailing groundwater hydraulic gradients. 

Four areas with >100 ug/L PFOS concentrations in groundwater were identified in the DSI. The areas 
are located at the north-central portion of the active Base area at Major CPSA U and Minor CPSA V 
(33 Squadron Hangar and AFFF Wastewater Holding Tank), the central portion of the active base 
area at Major CPSAs M and N (Former Fuel Farm and Fire Station), to the east of the cross runway 
and in the south-east near the STP. The general PFOS concentration contour trend observed tends to 
a reduction in concentration toward the boundary of the Base.  

PFAS were found in groundwater off-Base south of Warrill Creek, and north of the confluence of the 
Bremer River and Warrill Creek. Where PFOS+PFHxS have been detected in groundwater, 
concentrations have been below drinking water guidelines and recreational guidelines with the 
exception of one monitoring well located east of the Base close to Warrill Creek. At this monitoring 
well, PFOS+PFHxS exceeded the drinking water guideline and was below recreational guideline. 

There is a substantial reduction in PFAS concentrations in groundwater off-Base in comparison to 
surface water in Warrill Creek and the Bremer River. This shows that PFAS impact in groundwater off-
Base is limited. PFAS were not detected in groundwater north and west of the Base. 

Detections of PFAS within the Walloon Coal Measures has been limited to two locations, one 
adjacent to CPSA W exceeding the adopted human health screening values for PFOS+PFHxS. The 
other detection, within CPSA A, was first detected in the April 2019 Seasonal Monitoring Event 
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(SME). Based on the presence of PFAS in the Tertiary Formation and Walloon Coal Measures in 
several portions of the site, there does appear to be vertical migration of PFAS to these deeper 
aquifer zones. 

Sewerage system 

The sewer network on the Base drains to the STP located in the south eastern corner of the Base at 
Frogs Hollow Gully. The STP operates continually and discharges treated water into Frogs Hollow 
Gully, which discharges to Warrill Creek at a rate of approximately 5-8 L/s during dry weather and 40 
L/s during wet weather flows. In turn, Frogs Hollow Gully discharges to Warrill Creek (albeit during dry 
periods the discharge from the STP is not enough to maintain constant flow within Frogs Hollow Gully, 
therefore discharge to Warrill Creek is not continuous). Solid waste streams from the STP are 
disposed off-Base. Water quality monitoring at the STP in 2015-16 confirmed the presence of PFAS 
in the effluent with PFOS concentrations ranging from 1.22 to 4.66 μg/L, and PFOA from 0.25 to 0.57 
μg/L.  

Aurecon reported that Base personnel had advised that there is a history of sewage overflow at 
manholes located at low points during wet weather (Aurecon, 2013). Accordingly, interconnectivity 
between the stormwater and sewerage system is present. An investigation of the sewer network by 
Aurecon (2017) identified surface water infiltrating into manhole covers along John Ward Way as 
potential location for PFAS contamination entering the sewer network (Aurecon, 2017).  

In late 2017, the Base completed manhole sealing on-Base, and subsequently, the STP reportedly no 
longer experienced higher flow during storm events. Prior to the manhole sealing, the flow through the 
STP, had been triple the volume to that that was being experienced following the sealing for similar 
sized storm events (Spotless, 2018). This indicated a likely reduction in volume of potentially PFAS 
contaminated surface water passing through and discharging from the Base STP following the sealing. 

Additionally, in 2019 there are plans to upgrade the STP. These upgrade plans include treatment for 
the removal of PFAS prior to discharging of the effluent to Frogs Hollow Gully. 

2.4 Groundwater use 

A search of the QLD Government’s Groundwater Database identified 39 registered bores within 1 km 
of the Base and 19 registered bores within 1-2 km. The majority of these registered bores are 
installed in the alluvium; however, there are a number of other lithologies noted on the bore 
registrations. The majority of the bores are existing and are used for water supply or investigation 
purposes, with a recorded standing water level (SWL) ranging from 4.80–13 m BGL.  

The QLD Government Groundwater Database indicates that groundwater in the Tertiary Formation is 
saline and has an average yield of 0.65 L/s. Beneficial use of groundwater in the Tertiary Formation 
has been reported as being limited to stock watering. 

A Water Use Survey (WuS) was completed of landowners within the IA in 2017. The WuS confirmed 
that groundwater is not used for drinking water supply in the IA. Drinking water is sourced from either 
mains water or from rainwater tanks. 

Uses of extracted groundwater from bores (and surface water from the Bremer River and Warrill 
Creek) include the following: 

 Stock watering for domestic and international cattle export, including cattle. 
 Stock watering for animals and pets including horses and alpacas. 
 Water for poultry. 
 Irrigation of fruit and vegetable gardens. 
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 Irrigation of crops, including crops used as feed for stock and vegetable crops sold 
commercially. 

 Lawn irrigation. 
 General outdoor use (e.g. car and machinery washing). 
 Filling of private water storages and dams. 
 Filling of swimming pools. 

2.5 Drivers and constraints 

Key drivers and constraints impacting upon delivery of the OMP are identified below. 

2.5.1 Drivers 

In the Ipswich region, there is a recognised wet season from December to March and a dry season 
from April to September. The Base has been committed to a routine groundwater and surface water 
monitoring program for many years, with two sampling events on the shoulder of the wet and dry 
seasons in each year. Similarly, it is proposed in this OMP that sampling is undertaken twice per year, 
in April and October. This aims to assess seasonal variability in groundwater and to build on the 
existing data set.  

Completion of ongoing sampling is required in order to obtain data to support risk-based decisions 
regarding future management actions. This may include management actions initiated by Defence on 
the Defence Estate, or initiated by the (Queensland Government) Technical Working Group (TWG) 
where actions are required beyond the boundary of the Base. Such actions in this case may include 
advisor notices. 

2.5.2 Constraints for on-Base and off-Base Sampling 

Sampling on- and / or off-Base may require advance notification and authorisation in order to gain 
access to areas. In some instances, deconfliction with Base operations and off-Base property owners 
/ operators may be required. This may involve the adjustment of sampling dates by the OMP 
contractor.   

Off-base sampling locations will require liaison with stakeholders from State and Local Government 
and private property land owners. All access and coordination should be arranged through relevant 
Base personnel such as Base Management, the Environment and Sustainability Manager, and in 
discussion with the Defence PFASIM Branch.  

2.6 Communications 

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

 OMP. 
 Monitoring data collected during the implementation of the OMP. 
 Decisions made in response to the data collected during implementation of the OMP. 
 Changes to the OMP in response to incoming data over the implementation period. 

2.7 Related Management Actions 

The recommended management actions presented in Section 7 of the PMAP include the requirement 
to prepare remediation action plans (RAPs) that will be developed for the Management Area. The 
RAPs should contain specific on-going monitoring actions to assess and validate the impact of that 
remediation plan.  
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In addition to the above, ongoing monitoring may be required as part of other capital work programs 
at the Base, such as monitoring associated with the TSF constructed as part of the BFA. Monitoring 
associated with such project is not included in the scope of the OMP. 
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3 ONGOING MONITORING PROGRAM 

The Management Area OMP monitors changes to the PFAS contaminated 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. 

All PFAS Management Area plans have included an OMP as a mandatory response action. 

3.1 Sampling, Analysis and Quality Plan 

A Sampling, Analysis and Quality Plan (SAQP) will be developed prior to implementation of the OMP. 
The document will be prepared by the lead consultant and reviewed by Defence prior to 
commencement of works to ensure consistency with the program in line with any changes in 
documentation, including ongoing review of the OMP and PMAP. 

Further guidance is provided in Appendix B for development of a site specific SAQP. 

3.2 Data Quality Objectives 

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

 Clarifies the study objective. 
 Defines the most appropriate collection of data as relevant to the study objective.  
 Determines the conditions from which to collect data;  
 Specifies tolerable limits on decision errors, which will be used as the basis for establishing 

the quantity and quality of data, needed to support the decision. 

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

3.2.1 NEPM DQO Seven Step Process 

Process Description 

Step 1: State the 
problem 

PFAS source zones in soil and groundwater at the Base are contributing to 
PFAS discharges in surface water and sewer from the Base. These 
discharges present the potential for risks to  human health and the 
environment to become elevated. 

Actions will be implemented to reduce these discharges and provide 
precautionary advice to the community in order to limit exposures. 

Monitoring is needed to assess the effectiveness of these actions and to 
provide data for future risk management. 

There is a lack of data available to assess temporal variability and seasonal 
influence on the nature and extent of PFAS at the Base. 
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Process Description 

Step 2: Identify the 
decision/ goal of the 
study  

The goals of the monitoring program are: 

 to further refine the understanding of the distribution and variability 
of PFAS in the environment. 

 monitor changes due to management actions and other conditions. 

 provide an early warning as PFAS impacted groundwater migrates 
off-Base and discharges to surface water in the Bremer River and 
Warrill Creek. 

 collect additional data to inform future management actions including 
the potential refinement of the RAAF Base Amberley Conceptual 
Site Model (CSM). 

 to monitor PFAS concentrations in Warrill Creek and in groundwater 
south of the Base, before and after construction and commissioning 
of the proposed new STP, which will be designed to extract PFAS 
from effluent before it is discharged to the watercourse.  

 To assess temporal and seasonal variation in the nature and extent 
of PFAS at the Base. 

Step 3: Identify the 
information inputs 

The information inputs are: 

 existing data relevant to PFAS in soil, waters and biota obtained 
through the DSI, HHRA and ERA. 

 surface water and groundwater flow regimes identified in the DSI 
and its CSM, and further refined as part of the April 2019 and 
October 2019 SMEs. 

 location and types of human and environmental receptors as defined 
in the DSI, HHRA and ERA. 

 Additional groundwater, surface water and sediment sampling. 

 Groundwater and stream levels. 

 Adopted assessment criteria for groundwater, sediment and surface 
water. 

Step 4: Define the 
boundaries of the 
study 

The study area for the OMP includes surface water and groundwater at the 
Base, key surface water drainage pathways and groundwater between the 
Base and the Bremer River and Warrill Creek. 

Surface water and sediment sampling will focus on discharges from the 
Base to the north east of the Base into the Bremer River and to the south of 
the Base into Frogs Hollow and Warrill Creek. Surface water and sediment 
sampling is also proposed upstream of the Base in both the Bremer River 
and Warrill Creek to monitor for potential transport of PFAS into the 
Management Area, from upstream polluters to the river and the creek. 
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Process Description 

Sampling of dams off-Base (on farms and other private properties) is not 
proposed. Overland flow to these dams from the watercourse only occurs 
during periods of high rainfall and floods. The PMAP management actions 
do not seek to reduce PFAS transport in these directions and sampling of 
the dams has already been undertaken as part of the DSI and HHRA. It is 
considered unlikely that additional data would result in changes to the 
proposed management actions. 

For groundwater, on-Base sampling will include wells screened in the 
Alluvium-Tertiary formations (shown to be relatively well connected and can 
be treated as one hydrogeological unit) and the Walloon Coal Measures. 
The off-Base sampling will focus on nested wells installed on public land that 
will monitor hydraulic migration of PFAS to the east and the nested pairs will 
allow monitoring of vertical migration between hydrogeological units. Nested 
wells to the south of the Base on State Government owned land (and 
privately leased) have also been included. Groundwater on this property is 
used for stock watering and the HHRA has indicated potentially elevated 
human health risk for consumption of home slaughtered beef on properties 
to the south of the Base. 

In relation to temporal boundaries, an initial period of three years of 
monitoring has been proposed. A review of the data can then be undertaken 
to refine the OMP with consideration of the new STP project and its status 
(i.e. whether under construction or if it has been commissioned at that time). 

Step 5: Develop the 
analytical 
approach/decision 
rules 

The purpose of this step is to define the parameters of interest, specify 
action levels and combine the outputs of the previous DQO steps to develop 
a series of options if certain trigger events occur. 

The key decision rules for the OMP are: 

 Have the analytical data collected as part of the OMP met the Data 
Quality Indicators (DQIs) developed as part of the SAQP? If yes, 
then the data can be used for decision making. If no, then an 
assessment of the need to collect additional data will be required. 

 Does the data indicate a change to the potential risks defined in the 
DSI, HHRA and ERA? If yes, this may warrant further consideration, 
potentially via further investigation and review of the OMP. If no, 
then continue monitoring as per the OMP. 

 Does the data conform with the CSM as outlined in the PMAP? If 
yes, then continue monitoring as per the OMP. If no, this may 
warrant further consideration, potentially via further investigation and 
review of the OMP. 

 Is the data meeting the DQOs as outlined in the OMP? If yes, then 
continue monitoring as per the OMP. If not, then a revision to the 
OMP should be undertaken. 

Additional trigger levels for the OMP are discussed in Section 4.3. 
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Process Description 

Step 6: Specify 
performance or 
acceptance criteria 

As PFAS criteria are continually evolving, and an update of the PFAS NEMP 
criteria is expected in mid 2020, it is expected that the most up-to-date 
investigation criteria available will be used to determine if data collected as 
part of the OMP indicates a change in the potential risk to human health or 
environmental receptors.  

As data is collected for the OMP, an analysis of trends will be undertaken 
with potential outliers identified. This analysis will include data collected as 
part of the DSI, HHRA and ERA as well as consideration of whether the data 
is reasonable in relation to the CSM. 

As more time series data is collected, a statistical approach to determining 
acceptance criteria may become possible. 

Step 7: Develop the 
plan for obtaining 
data 

The plan for optimising the data is presented in the sections below. More 
specific details will be provided in the SAQP. 

3.3 Proposed Monitoring Intervals 

It is proposed that monitoring at all locations is undertaken twice per year, in April and in October. 
This aims to assess seasonal variability in groundwater and add to the data set already collected by 
the Base, in the DSI (CH2M, 2018), HHRA (CH2M, 2020b; EnRiskS, 2019) and ERA (EnRiskS, 2020) 
and also the SMEs conducted in April 2019 (CH2M, 2020a) and November 2019 (CH2M, 2020c). 
Data collected from biannual monitoring events will build on the understanding of seasonal variation 
of PFAS concentrations in environmental media within the Management Area. 

Groundwater level monitoring to date has shown variability between end of wet season sampling 
events and is likely to display variance between wet and dry seasons due to differences in 
precipitation. Observed differences to date include yearly increases in SWL of approximately 3 m and 
decreases of up to 1 m. 

During the dry season, opportunities to collect surface water samples can be limited on-Base as 
drains are likely to be dry. During the OMP dry season monitoring event, if there is rainfall, then 
opportunistic sampling of surface water should be taken from the Base drains. 

3.4 Monitoring Locations 

The proposed monitoring locations for the OMP are presented on Figure 2 and Figure 3 in Appendix 
A. Sample location coordinates and well construction details are also provided in Appendix D. The 
locations and their justification are described in the sections below. It is noted that the locations are 
preliminary and will be subject to landowner permissions. 

3.4.1 Groundwater Monitoring Well Installation and Maintenance 

The location and details of groundwater monitoring wells is presented in Section 3.4.3. However, it is 
noted that two monitoring wells have been destroyed as a result of construction activities that have 
occurred within the last 12 months. These monitoring wells include: 

 MW39 
 MW40 
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Both of these monitoring wells were located down hydraulic gradient of CPSA A. These two 
monitoring wells should be replaced by the OMP contractor and included in the OMP monitoring 
program. It is noted that the details of these wells (construction details) are provided in Appendix D for 
reference. 

3.4.2 Surface water and sediment monitoring locations 

The proposed sediment and surface water monitoring locations are set out in the table below. 
Sampling at all locations is proposed twice per year. 

Sample 
Location 

Relevant 
Source Area or 

Receptor 

Sampling Rationale 

SD / SW002 CPSA A Upgradient of Major Discharge Point DP5 in the unlined drain, 
exceedance of recreational criteria. 

SD / SW003 CPSA A Upgradient of Major Discharge Point DP5 in the unlined drain, 
exceedance of recreational criteria. 

SD / SW004 Warrill Creek  Exceedance of recreational criteria, downstream of Major 
Discharge Point DP23 and near the STP discharge point 

SD / SW005 CPSA D - 
boundary 
creeks and 
rivers 

Downstream of Major Discharge Points DP23 (STP), DP22 and DP21. 
Exceedances of recreational criteria measured. Detections of sediment 
PFAS results below adopted screening levels at multiple depths. 

SD / SW008 CPSA D Downstream of Major Discharge Points DP23 (CPSA D - STP). 
Exceedances of recreational criteria measured. 

SD / SW009 CPSA D Downstream of DP24 and CPSA D (STP). 

SD / SW011 CPSA S Exceedance of recreational criteria. Downstream from CPSA S.  

SD / SW015 CC/AA Downstream from DP16, which drains area from CPSA AA and 
CPSA CC. 

SD / SW016 CPSA CC Exceedance of PFOA drinking water criteria and PFOS+PFHxS 
recreational criteria. Downstream of Minor Discharge Points DP17 
and DP18. 

SD / SW018 Warrill Creek  Downstream of DP14 and downstream on the Warrill Creek of 
eight confirmed primary source areas, including the STP. 

SD / SW020 CPSA I – 
Warrill Creek 

Downstream of Minor Discharge Point DP14. Detection of PFAS 
above LOR. 

SD / SW021 CPSA W Upstream of DP2 and downstream of CPSA W. Exceedance of 
recreational criteria. 

SD / SW025 Bremer River Upstream reference location off-Base on the Bremer River. 
downstream of biota sampling location S11 which reported PFAS 
in surface water and biota. 

SD / SW026 CPSA L  At the Bremer River and Warrill Creek confluence. Exceedance of 
drinking water criteria. Downstream of CPSA L and Major 
Discharge Point DP9. 

SD / SW027 CPSA Q Downgradient of CPSA Q. Exceedances of SW recreational 
criteria. 

SD / SW028 CPSA C In Frogs Hollow, upstream of CPSA D and downstream of CPSA 
C. Exceedance of recreational criteria. 

SD / SW030 CPSA V A drain sample; upstream of CPSA V and upstream of CPSAs A 
and U. Exceedance of recreational criteria. 

SD / SW033 CPSA W Located at CPSA W.  

SD / SW034 CPSA G and 
FF 

Downstream of minor drainage point DP15.  

SD / SW036 Bremer River Downstream of major drainage point DP15. Exceedance of 
drinking water criteria. 

SD / SW037 CPSA Y Downgradient of CPSA Y and upgradient of CPSA A. Detections 
exceeding recreational criteria.  
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Sample 
Location 

Relevant 
Source Area or 

Receptor 

Sampling Rationale 

SD / SW038 CPSA AA Triple Interceptor Pit (CPSA AA - Secondary Impact Area). No 
sediment sample applicable. 

SD / SW039 CPSA W, 
CPSA A 

On the boundary of the Base, the adjacent to the Coal Mine and 
downstream of reference site SW025. SW039 recorded PFAS 
0.004 µg/L in the DSI sampling (CH2M, 2018).  

SD / SW040 Bremer River Downstream recreational fishing location on the Bremer River.  

SD / SW041 CPSA L Adjacent to Major Discharge Point DP9. Drains area from CPSA L. 

SD / SW045 Bremer River Downstream of confluence of Bremer River and Warrill Ck. 
Exceedance of recreational criteria. 

SD / SW047 CPSA A, CPSA 
U, CPSA T - 
creeks and 
rivers 

Adjacent to Major Discharge Point DP5 - main discharge point for 
northern airside section and major contributor of PFAS to the 
Bremer River.  

SD / SW048 CPSA B Drains former landfill area (CPSA B).  

SD / SW049 CPSA W, 
CPSA A 

Water storage downgradient of CPSA A and CPSA W.  

SD / SW050 Bremer River Adjacent to Major Discharge Point DP6. Exceedance of 
recreational criteria.  

SD / SW051 CPSA P, CPSA 
AA 

Adjacent to DP7. Downstream of CPSA P and AA. Exceedance of 
drinking water criteria. 

SD / SW052 Bremer River Adjacent to Major Discharge Point DP4 at the northern end of 
Hansen Road. The TSF is on a topographical high, it is important 
to monitor for potential leaching of PFAS from the TSF, in 
stormwater diverted to the Hansen Road drain. 

SD / SW053 CPSA Q Downstream from CPSA Q. Exceedances of recreational criteria. 

SD / SW056 CPSA U Upstream of junction in drainage line upgradient of CPSA U. 
Exceedance of recreational criteria.  

SD / SW059 CPSA A Upstream of CPSA A. Exceedance of recreational criteria. 

SD / SW064 CPSA F Directly downgradient of CPSA F. Exceedances of recreational 
criteria. Sample location drains to minor drainage point DP14 

SD / SW067 CPSA J Exceedance of SW recreational criteria. 

SD / SW076 CPSA U Upstream of CPSA U. 

SD / SW079 CPSA B, CPSA 
L 

Adjacent to CPSA BB, upgradient of CPSA L. In drain between 
DP8 and DP9 

SD / SW080 CPSA BB Monitor on-Base PFAS surface water impacted area (10-100 µg/L) 

SD / SW088 Bremer River Downstream of SW052 (DP4) and upstream of SW047 (Major 
discharge point DP5). Monitor migration of PFAS plume to NE, 
toward privately-owned land (consumers of home reared beef) 

SD / SW089 Bremer River Downstream from Minor Discharge Point DP3, on NW of Base  

SD / SW090 Bremer River Downstream from Major Discharge Point DP2, on NW of Base 

SD / SW091 Bremer River Downstream from Minor Discharge Point DP1, on NW of Base 

SD / SW094 CPSA A, CPSA 
U, CPSA T – 
Bremer River 

Located south of SD/SW047 and DP5. Additional samples required 
in this area due to PFAS detections exceeding recreational criteria 
at SD/SW047 during SME (April 2019) 

SD / SW098 Bremer River On Bremer River, upstream of Bremer River and Warrill Creek 
confluence. Exceedance of recreational criteria. 

SD / SW099 CPSA J – 
Warrill Creek 

Downstream of minor discharge points DP10 and DP11. On Warrill 
Creek upstream of confluence with the Bremer River. Exceedance 
of drinking water criteria. 

SD / SW100 CPSA J - 
Warrill Creek 

Adjacent to minor discharge point DP12. On Warrill Creek 
upstream of confluence with the Bremer River. 

SD / SW070 Warrill Creek Upstream of Base on Warrill Creek. Monitor potential upstream 
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Sample 
Location 

Relevant 
Source Area or 

Receptor 

Sampling Rationale 

sources reaching the Management Area 

3.4.3 Groundwater monitoring locations 

The proposed groundwater monitoring locations are set out in the table below. Sampling at all 
locations is proposed twice per year. 

Sample 
Location 

Relevant Source 
Area or Receptor 

Sampling Rationale 

MW08 CPSA A Downgradient of CPSA A near of Major discharge point DP5. 
Monitoring migration of the groundwater plume to the east. 

MW09 Down gradient of CPSA A, adjacent to major drain (unlined) that flows 
to discharge point DP5. Monitor migration of the groundwater plume 
to the east. 

MW33 MW33 is installed within CPSA A, a Major CPSA, with highest 
recorded PFOS+PFHxS concentrations in soil on the Base. Adjacent 
to the Temporary Stockpile Facility. 

MW39 MW39 is installed on the boundary of CPSA A, a Major CPSA, with 
highest recorded PFOS+PFHxS concentrations in soil on the Base. 
Downgradient of the TSF and upgradient of the major (unlined) drain 
that discharges at DP5. 

MW2 Adjacent to CPSA A and upgradient of Hansen's Farm Conservation 
Area. MW2 and MW40 will be sampled in order to supplement the dataset 
to understand whether PFAS contamination is present across this area. 
These groundwater monitoring wells will also provide an opportunity to 
monitor any potential spread of contamination from the TSF. 

MW40 Monitor groundwater near TSF and up gradient of Hansen's Farm 
Conservation Area. 

MW47 CPSA B Downgradient of Boeing Hangar and Former landfill (Major CPSA B). 
Previous exceedances of recreational guidelines.  

MW37 CPSA C Intercepts groundwater flow from former FTA area (Major CPSA C). 
Previous identifications of PFAS use and contamination. 
Exceedances of recreational guidelines in previous groundwater 
sampling. 

MW21 CPSA D STP monitoring wells (Major CPSA D). 

MW32 

MW48 CPSA E Associated with former containment pond (moderate CPSA E). 
Previously recorded exceedances of recreational guidelines.  

MW50 CPSA G Well location on edge of inferred groundwater contamination plume 
on south of the Base. Additionally, associated with Major CPSA G. 
Well location may provide information on seasonality of groundwater 
gain/loss to surface water. 

MW05 CPSA J Down-gradient of Major CPSA J and upgradient of Warrill Creek. 
Obtain additional information on PFAS migration to surface water. 
Previous detection of PFAS below drinking water criteria.  

MW06 CPSA L Although associated with an insignificant CPSA, all locations exhibited 
detections of PFAS, with only one well location exhibiting detections 
below screening criteria. MW06 is also down-gradient of minor CPSA 
B. On the extents of the alluvium aquifer PFAS plume, close to the 
Bremer River and across river from private golf course (which irrigates 
and has a registered bore). 

MW23 

MW28 

MW29 

MW36 

MW02 CPSA M Adjacent to Former Fuel Farm 1 and Triple Interceptor Pit (major CPSA 
M). Previous detections of PFAS exceeding recreational guidelines. 

MW309 In the area of Major CPSA M (old Fuel Farm). This sample is 
recommended to monitor downward migration 
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Sample 
Location 

Relevant Source 
Area or Receptor 

Sampling Rationale 

MW35 CPSA T Downgradient of insignificant CPSA T. Sampling required to delineate 
groundwater contamination plume.  

MW46 CPSA V Adjacent to former AFFF wastewater holding tank (minor CPSA V). 
Previous concentrations exceeding recreational criteria.  

MW26 CPSA W Wells associated with Fire Fighting Training School with detections of 
PFAS above adopted criteria. MW42 and MW43 will be sampled to 
support inferred results regarding connectivity between Walloon Coal 
Measures and overlying strata.  

MW30 

MW42 

MW43 

MW31 Monitor migration of CPSA W in groundwater upgradient of Hansen's 
Farm Conservation Area 

MW41 CPSA X Well is screened within Walloon Coal Measures - sampled to 
determine connectivity between WCM and overlying formations. 
Although MW41 has had non-detects for PFAS, CPSA X has been 
identified as major CPSA due to historical use, therefore continued 
monitoring is recommended. 

MW20 CPSA Z Detections above recreational criteria associated with minor CPSA Z. 

MW15 CPSA X and 
CPSA Y 

PFAS detections exceeding recreational criteria at MW46 (417 µg/L 
PFOS+PFHxS). Groundwater between CPSAs X and Y needs to be 
sampled in order to understand any linkage between these two sites 
and to monitor extent of PFAS and/or seasonal variation in 
concentrations. 

MW07 CPSA AA Elevated concentration exceeding recreational criteria at former 
location of AFFF Wastewater Holding Tank (minor CPSA V). 

MW12 CPSA BB Minor detection exceeding drinking water criteria associated with 
former irrigation location (minor CPSA B).  

MW22 CPSA CC Well associated with former landfill (moderate CPSA CC). Detection 
of PFAS above recreational guidelines. 

MW49 CPSA DD Former fire training area (major CPSA DD). Significant detection of 
PFAS exceeding recreational criteria.  

MW54S Off-Base 
Warrill Creek 

Off-base well exhibiting concentrations exceeding drinking water 
criteria. On privately owned land, leased to cattle farmers who use 
bore water for stock watering and irrigating fodder. 

MW54D Off-Base 
Warrill Creek 

Off-base well screened within Walloon Coal Measures. Will confirm non-
connectivity between Walloon Coal Measures and tertiary formations.  

MW24 Bremer River Well location on edge of inferred groundwater contamination plume. 
Sampling will assist in assessing seasonality of groundwater gain/loss 
to surface water. 

MW25 Bremer River Downgradient of inferred groundwater flow from CPSAs U and T. 
Intended to provide information on groundwater flow to surface water 
feature (Bremer River).  

MW34 Bremer River Retrieval of data logger for seasonal groundwater trends. Will assist with 
confirmation of seasonality of groundwater gain/loss to surface water.  

MW44 Bremer River Well location located on edge of inferred groundwater contamination 
plume. Sampling intended to monitor movement of contamination with 
inferred groundwater flow.  

MW55D Bremer River Retrieval of data logger for seasonal groundwater trends. Resampling 
is intended to confirm non-connectivity between aquifers. 

MW55S Bremer River Well located down-gradient of CPSA AA, with previous detections of 
PFAS exceeding recreational criteria. 

MW56D Off-Base well 

Bremer River 

Off-Base well. Retrieval of data logger for seasonal groundwater 
trends. Sampling to confirm non-connectivity between aquifers. 

MW56S Off-Base well 

Bremer River 

Off-Base well. Retrieval of data logger for seasonal groundwater trends. 
Well is screened within Walloon Coal Measures. Sampled to add 
second point to data set and confirm non-connectivity between aquifers. 
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Sample 
Location 

Relevant Source 
Area or Receptor 

Sampling Rationale 

MW57 S Off-Base well 

Warrill Creek 

 

Off-Base, pair of nested wells with concentrations exceeding drinking 
water criteria. Recommend sampling to confirm April 2019 PFAS 
contamination.  MW57D Off-Base well 

Warrill Creek 

3.4.4 Biota monitoring 

Biota sampling is not included in this OMP, so the purpose of sediment sampling is to monitor data for 
assessment of the bioavailability of PFAS in sediment.  

Defence has prepared the OMP to monitor PFAS concentration across the Management Area and 
subsequently changes to the risk profile. Changes in PFAS concentration will inform the need to 
undertake biota sampling. The data will be reported via six-monthly factual reports and annual 
interpretive reports. Ongoing liaison with the Technical Working Group will be undertaken to confirm / 
initiate biota sampling. 

3.5 Sample Analysis  

Samples should be analysed for PFAS in accordance with the PFAS Suite for Defence PFAS 
Investigation and Management as provided in Appendix C. 

The laboratory is required to use NATA accredited methods based on NEPM, US EPA, Table B 15 of 
the US Department of Defence/Department of Energy and American Society for Testing and Materials 
methods as appropriate.  

Quality control and quality assurances processes will be outlined within the SAQP. 

3.5.1 Additional parameters 

Groundwater field parameters and observations to be recorded and should include pH, Oxidation-
Reduction Potential (ORP), Electrical Conductivity (EC), dissolved oxygen (DO) and visual 
appearance. Major cations and anions are also to be analysed for surface and groundwater samples. 
Analysis to include the concentrations of major anions (chloride, sulfate, and bicarbonate) and cations 
(calcium, magnesium, sodium, potassium). The geochemistry should be used to further inform future 
updates of the CSM and confirm if and where the Bremer River and Warrill Creek are gaining or 
losing streams, as theorised in the DSI (CH2M, 2018). 
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4 REPORTING REQUIREMENTS  

4.1 Guidance Documents 

Adopted screening criteria references national guidance in the form of the PFAS National 
Environmental Management Plan, Defence estate and environmental strategies, and Defence PFAS-
specific strategies and guidance. 

4.1.1 PFAS National Environmental Management Plan 

The PFAS NEMP provides the guiding framework for the management of PFAS. For further 
information, see: https://www.epa.vic.gov.au/-/media/epa/files/for-community/pfas-national-
environmental-management-plan/final_pfas-nemp-20180110.pdf.  

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 OMP template and guidance 
conform to the NEMP.  

4.2 PFAS Screening Criteria 

Screening criteria for surface water and groundwater (µg/L) 

Exposure Scenario PFOS+PFHxS PFOS PFOA 

Drinking water1 0.07 - 0.56 

Recreational water2 2 - 10 

Freshwater direct 
toxicity, slightly to 
moderately disturbed 
ecosystems (95% 
species protection)3 

- 0.13 220 

Freshwater direct 
toxicity, slightly to 
moderately disturbed 
ecosystems (99% 
species protection)3 

 0.00023 19 

1.Australian Government Department of Health (DoH, 2017) 

2.National Health and Medical Research Council (NHMRC, 2019) 

3.PFAS NEMP, (HEPA, 2018) 
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4.3 Reporting 

After each monitoring event, the information and laboratory data collected as part of the works will be 
documented and reported to Defence.  

The data set will be reviewed at the end of each 12-month monitoring period. An interpretative report 
is to be drafted, including recommendations for any potential changes in the location and frequency of 
sampling, with consideration to the points contained in section 5.2. 

4.3.1 Interpretative Report 

The annual report should include, as a minimum: 

 Field works completed (including scope unable to be achieved, such as monitoring well access 

 Description of the sampling methodology 

 Compliance with the requirements of the SAQP and meeting stated objectives of the OMP 

 Findings from well gauging including any changes with the monitoring well network including 
access and damage issues 

 Relevant figures depicting sampling locations and site-specific hydrogeological features 

 Laboratory results and analysis including comparison with relevant screening criteria 
identified in section 4.2 

 Assessment and commentary on appropriate QA/QC procedures 

 Data interpretation including trends in groundwater concentration, gradient and flow directions 

 Assessment of statistically based trends that may inform decision making (refer to section 5.3) 

 Provision, at a minimum, of groundwater sampling forms, laboratory analytical certifications 
and calibration certificates. 

4.3.2 Stakeholder Engagement 

Analytical results from each monitoring round will be provided to the Queensland Technical Working 
Group led by DES, including the annual interpretative report.  

Where off-Base private property sampling is proposed, a separate letter will be produced to provide to 
the resident with the analytical results of the monitoring event and assessment against relevant 
guideline values. 
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5 REVIEW AND UPDATE 

5.1 Monitoring of Management Measures 

The principal features of this OMP is to monitor confirmed primary source areas on-Base and 
migration of PFAS contamination off-Base.  

The OMP will monitoring PFAS migration in the stormwater networks on Base along drains and at 
discharge points to the Bremer River and Warrill Creek and PFAS discharging from the STP to Frogs 
Hollow Gully and into Warrill Creek. The monitoring will be conducted for: 

 the primary implementation period of the PMAP 
 the extended implementation period to the extent required by specific characteristics of the 

Management Area and the behaviour of the plume, measured against specific data trends. 

An initial period of three years of monitoring has been proposed. A review of the data can then be 
undertaken to refine the OMP with consideration of the new STP project and its status (i.e. whether 
under construction or if it has been commissioned at that time). 

Each Remediation Action Plan developed for identified management options within the PMAP will 
require an individual monitoring plan with appropriate objective and success measures as relevant to 
monitoring of that action. 

5.1.1 Triggers for OMP Review 

Updates to the OMP may be required for several reasons. 

Data on changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values provides an 
evidence base for targeted and effective risk management of PFAS contamination to protect human 
health and environmental receptors currently impacted by PFAS. 

Changes in our understanding of these risks, triggered by this data assessment may inform: 

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

 changes detected through the implementation of the OMP may inform a number of risk-
management decisions including. 

 additional investigations. 

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

 additional remediation or containment actions. 

 changing risk management actions at receptor level (e.g. provision or cessation of alternate 
drinking water supplies). 
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An update to the OMP may also be triggered by policy changes or through stakeholder engagement 
activities including: 

 changes to State/Territory advice on types of exposure-minimisation behaviours (e.g., 
consumption of home produce or consumption of fish/crustaceans from waterways). 

 changes to State/Territory advice on boundaries of a designated management area. 

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

 feedback and information received as a result of on-going community consultation. 

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

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

5.1.2 Monitoring Potential Future Risks 

Findings from the ongoing monitoring will be used to evaluate whether changes have occurred to the 
potentially elevated risk posed by PFAS contaminated groundwater and surface water across the 
Management Area. This may be achieved through: 

 Comparison of our current understanding of the nature and extent of the plume as presented 
in the DSI.  

 This may trigger evaluation of the monitoring program and an updated scope of works.  

 Include relevant site-specific considerations, such as potential changes in known 
concentrations within receiving environments or ecological receptors. 

5.2 Document Review Frequency 

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

Based on the current understanding and existing data, this OMP should be implemented for an initial 
three-year period, and subsequently revised if the monitoring reports trigger this change. 

5.2.1 Existing Knowledge 

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

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

The OMP should be subsequently updated in light of the considerations outlined in Section 5 as well as 
reviews and updates to the PMAP to ensure the document is current and its recommendations valid. 
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APPENDIX A: FIGURES 

Figure 1 - Management Area 

Figure 2 - Groundwater Sampling Locations (private property locations redacted)

Figure 3 - Surface Water and Sediment Sampling Locations 
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APPENDIX B: SAQP GUIDANCE 

The objective of the SAQP is to outline the monitoring locations, data quality assurance procedures 
and justify sampling methods and procedures to be used during the monitoring events based on the 
technologies available at the time of monitoring.  

Some text below has been provided for consideration to allow for consistency across the Defence 
program when drafting site specific SAQPs. 

Other standard information may be included within the development stage of the SAQP rather than 
within this OMP, such as decontamination procedures, sample identification, preservation, and 
appropriate record keeping.  

The SAQP will be a stand-alone document that details, at a minimum, the following: 

 Introduction including background and summary of previous investigations; 
 Site setting and conceptual site model; 
 Data Quality Objectives as detailed within the Ongoing Monitoring Plan, and a description of 

any inclusions or deviations from the objective or scope; 
 Field work sampling methodology, equipment and laboratory analysis; 
 Waste management; 
 Quality Assurance/Quality Control procedures; and  
 Fieldwork Documentation. 

B1 Laboratory Analysis 

Within the SAQP, the primary contaminants of concern are defined as PFAS and referenced in 
Guidance Document E – Standard PFAS Analytical Suite for Detailed Site Investigations (Department 
of Defence, 2017). 

Other contaminants of potential concern are defined as those listed as non-PFAS compounds and are 
not considered as part of this investigation, unless determined necessary to supplement new and 
existing data. 

Laboratory sampling analysis is to be conducted using NATA certified laboratories which will 
implement a quality control plan in accordance with NEPM (1999). 

B2 Sampling Methodology 

Sampling and monitoring should be undertaken in accordance with the Heads of EPAs Australia and 
New Zealand (HEPA), 2018, PFAS National Environmental Management Plan (HEPA, 2018) and with 
requirements contained in AS5667.11:1998 Water Quality Sampling Part 11: Guidance on Sampling 
of Groundwaters (Standards Australia, 1998) and Schedule B2 of the ASC NEPM (2013) (NEPC, 
2013). 

B2.1 Groundwater Sampling 

Standing water level (SWL) gauging will be completed prior to purging and sampling and the 
presence or absence of light or dense non- aqueous phase liquid (LNAPL/DNAPL) and the SWL in 
each well will be gauged using an interface probe. Details of the condition of each existing well will be 
documented 

Groundwater sampling will be conducted using low-flow methods. A micropurge sampling kit, 
including pump, controller, air compressor and flow cell, with dedicated tubing and bladders at each 
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piezometer, will be used to purge and collect samples. During purging, field parameters will be 
monitored and recorded. Physical indicators such as the presence (and percentage) of suspended 
solids, colour, the presence/absence and nature of odours and the presence/absence of slicks or 
sheens on water sampled will be recorded on field sheets. 

Sampling may also be conducted via the use of hydrosleeve grab samplers. 

During the DSI, pressure/water level transducers were installed to assess the interconnectivity 
between surface water and groundwater. The transducers are installed in MW28, MW32, MW34, 
MW55D, MW55S, MW56D and MW56S, these locations were selected to collect time series 
measurements of potentiometric head in MWs nearest the river gauges (owned by ICC or SEQ 
Water). These locations have been surveyed using high accuracy techniques. Standing water levels 
and surface water levels will be recorded during the proposed monitoring event. Data from 
pressure/water level transducers at these locations should be downloaded to assist in the assessment 
of surface water/groundwater connectivity. Field parameters should be recorded during sampling, 
including: 

 pH 
 Redox potential 
 Total dissolved solids (TDS) 
 Electrical conductivity (EC) 
 Dissolved oxygen (DO) 

One barometer logger was also installed during the DSI to allow for the adjustment of the effects of 
atmospheric pressure changes on water levels. Only one barologger was installed at the Base, since 
atmospheric conditions do not vary laterally. Data from the barologger shall be collected to correct the 
loggers if major atmospheric pressure changes occurred during the logging (e.g. storms/fronts). 

B2.2 Surface Water and Sediment Sampling 

Surface water samples should be collected in accordance with PFAS NEMP (HEPA, 2018) 
guidelines.  

Surface water samples should be collected from either mid-way through the water column or 
approximately 0.5 m below the surface (if possible), without disturbing the bottom of the surface water 
body. Samples should be collected without capturing any surface film. Where possible, an extendable 
sampler pole will be used for surface water sampling and hand tools for sediment sampling (e.g. 
trowel or hand auger). Field parameters should be recorded during surface water, including: 

 pH 
 Redox potential 
 Total dissolved solids (TDS) 
 Electrical conductivity (EC) 
 Dissolved oxygen (DO) 

B3 Quality Control and Quality Assurance Processes 

The methods proposed to provide adequate QA/QC of the data are based on guidance provided in 
the NEPM 1999 (2013 amendment) Schedule B2 Guideline on Site Characterisation (NEPC, 2013) 
and Section 8 of Standard guide to the investigation and sampling of sites with potentially 
contaminated soil (AS 4482.1-2005) (Standards Australia, 2005). The NEMP (HEPA, 2018) provides 
further guidelines on PFAS-specific QC measures, which are detailed below.  
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The following field quality assurance procedures will be undertaken during the sampling program to 
facilitate the representativeness and integrity of samples collected during the investigation works: 

 Use of appropriate laboratory supplied and preserved sample containers 
 Decontamination in accordance with PFAS free decontaminants (i.e. Liquinox) with particular 

regard to the prevention of cross contamination from equipment containing PFAS to avoid 
false positive results in samples 

 Rinsate blanks will be collected daily. 
 One field blank will be collected daily.  
 One trip blank (TB) will be submitted with each batch of samples delivered to the laboratory. 
 One Trip Spike (TS) and Trip Spike Control (TSC) will be submitted each day of sampling. 

Both field and laboratory QA/QC processes should be undertaken in accordance with the most recent 
state or national guidance. If requirements for QA/QC process are to change, this should be reflected 
in the annual review of the OMP. 
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APPENDIX C: PFAS ANALYTICAL SUITE 

Target analytes Limit of reporting (LOR) 

Water  (µg/L) Sediment (mg/kg) 

Perfluorobutane sulfonic acid (PFBS) 0.002 0.0002 

Perfluoropentane sulfonic acid (PFPeS) 0.002 0.0002 

Perfluorohexane sulfonic acid (PFHxS) 0.002 0.0002 

Perfluoroheptane sulfonic acid (PFHpS) 0.002 0.0002 

Perfluorooctane sulfonic acid (PFOS) 0.002 0.0002 

Perfluorodecane sulfonic acid (PFDS) 0.002 0.0002 

Perfluorobutanoic acid (PFBA) 0.01 0.001 

Perfluoropentanoic acid (PFPeA) 0.002 0.0002 

Perfluorohexanoic acid (PFHxA) 0.002 0.0002 

Perfluoroheptanoic acid (PFHpA) 0.002 0.0002 

Perfluorooctanoic acid (PFOA) 0.002 0.0002 

Perfluorononanoic acid (PFNA) 0.002 0.0002 

Perfluorodecanoic acid (PFDA) 0.002 0.0002 

Perfluoroundecanoic acid (PFUnDA) 0.002 0.0002 

Perfluorododecanoic acid (PFDoDA) 0.002 0.0002 

Perfluorotridecanoic acid (PFTrDA) 0.002 0.0002 

Perfluorotetradecanoic acid (PFTeDA) 0.005 0.0005 

Perfluorooctane sulfonamide (FOSA) 0.002 0.0002 

N-Methyl perfluorooctane sulfonamide 
(MeFOSA) 

0.005 0.0005 

N-Ethyl perfluorooctane sulfonamide (EtFOSA) 0.005 0.0005 

N-Methyl perfluorooctane sulfonamidoethanol 
(MeFOSE) 

0.005 0.0005 

N-Ethyl perfluorooctane sulfonamidoethanol 
(EtFOSE) 

0.005 0.0005 

N-Methyl perfluorooctane sulfonamidoacetic 
acid (MeFOSAA) 

0.002 0.0002 

N-Ethyl perfluorooctane sulfonamidoacetic acid 
(EtFOSAA) 

0.002 0.0002 

4:2 Fluorotelomer sulfonic acid (4:2 FTS) 0.005 0.0005 

6:2 Fluorotelomer sulfonic acid (6:2 FTS) 0.005 0.0005 

8:2 Fluorotelomer sulfonic acid (8:2 FTS) 0.005 0.0005 

10:2 Fluorotelomer sulfonic acid (10:2 FTS) 0.005 0.0005 
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APPENDIX D: SAMPLING LOCATION DETAILS 



Appendix B
Table B1 - Surface Water/Sediment Sampling Rationale

690738

Relevant Confirmed Primary Source 
Area Sample Location Easting Northing

Previous PFOS + 
PFHxS SW 
Results (µg/L)

Previous PFOA 
SW Results 
(µg/L)

Previous PFOS + 
PFHxS Sediment 
Results (mg/kg)

Previous PFOA Sediment 
Results (mg/kg)

Sampling Rationale

CPSA A
SD/SW002 469935 6944536 1.42 0.03 0.018 <0.0002

Upstream of Major Discharge Point DP5,
exceedance of recreational criteria

CPSA A
SD/SW003 469889 6944887 9.98 0.77 0.0435 0.0005

Upstream of Major Discharge Point DP5,
exceedance of recreational criteria

N/A - creeks and rivers SD/SW004 470909 6941792 0.02 <0.01 0.0048 <0.0002

Exceedance of recreational criteria, downstream of 
Major Discharge Point DP23 and near the
Sewage Treatment Plant (STP)

CPSA D - boundary creeks and rivers SD/SW005 471223 6941800 1.64 0.41 0.485, 0.583 0.0007, 0.0013

Downstream of Major Discharge Points DP23 (STP), 
DP22 and DP21. Exceedances of recreational criteria 
measured. High sediment
PFAS results at multiple depths.

CPSA D SD/SW008 470458 6941889 3.47 0.2 0.0276 0.0003

Downstream of Major Discharge Points DP23 (CPSA D - 
STP). Exceedances of recreational criteria measured.

CPSA D SD/SW009 470650 6941683 <0.01 <0.01 <0.0002 <0.0002 Downstream of DP24 and CPSA D (STP).

CPSA S SD/SW011 470285 6943655 36.3 1.05 0.0178 <0.0002
Exceedance of recreational criteria. Downstream
from CPSA S.

CC/AA SD/SW015 471661 6941330 0.05 <0.01 0.0023 <0.0002

Downstream from DP16, which drains area from CPSA 
AA and CPSA CC.

CPSA CC
SD/SW016 471631 6941546 3.38 0.68 0.588 0.0028

Exceedance of PFOA drinking water criteria and PFOS + 
PFHxS recreational criteria. Downstream of Minor 
Discharge Point DP17 and DP18.

N/A - creeks and rivers SD/SW018 472463 6941437 0.04 <0.01 0.0059 <0.0002

Downstream of DP14 and downstream on the
Warrill Creek of 8 confirmed primary source areas, 
including the STP (Major CPSA D).

CPSA I - creeks and rivers SD/SW020 472909 6941461 0.05 <0.01 0.0053 <0.0002
Detection of PFAS above LOR. Downstream of
Minor Discharge Point DP14.

CPSA W
SD/SW021 468702 6943838 24.9 1.49 0.717 0.0091

Upstream of DP2 and downstream of CPSA W.
Exceedance of recreational criteria.

N/A - creeks and rivers SD/SW025 464049 6941664 <0.01 <0.01 <0.0002 <0.0002

Upstream reference location off-base on the Bremer 
River. downstream of biota sampling location S11 which 
reported PFAS in surface water and biota.

CPSA L - creeks and rivers SD/SW026 473441 6943130 0.2 <0.01 0.0345 0.0004

Junction of Warrill Creek and Bremer River. Exceedance 
of drinking water criteria.
Downstream of CPSA L and Major Discharge Point DP9.

CPSA Q SD/SW027 470523 6943600 0.84 0.02 0.0165 0.0003
Downgradient of CPSA Q. Exceedances of SW
recreational criteria.

CPSA C
SD/SW028 468702 6943838 1.49 2 0.0117 <0.0002

Exceedance of recreational criteria. Upstream of
CPSA D and downstream of CPSA C.

CPSA V
SD/SW030 470158 6943978 2.45 0.04 0.047, 0.112 0.0012, 0.0002

Exceedance of recreational criteria. Downstream
of CPSA V and upstream of CPSAs A and U.

CPSA W SD/SW033 468895 6943758 11.5 0.75 0.0451, 0.246 0.0009 Located at CPSA W.
CPSA G and FF SD/SW034 472432 6941312 12.4 0.16 0.0815 0.0007 Downstream of minor drainage point DP15.

N/A - creeks and rivers SD/SW036 471600 6945280 0.23 0.01 0.0015 <0.0002
Exceedance of drinking water criteria.
Downstream of major drainage point DP15.

CPSA Y SD/SW037 469543 6943909 59.8 4.29 0.0663 0.0024
Downgradient of CPSA Y and upgradient of CPSA
A. Detections exceeding recreational criteria.

CPSA AA
SD/SW038 471363 6944236 0.083 0.2 - -

Triple Interceptor Pit (CPSA AA - Secondary Impact 
Area). No sediment sample applicable.

CPSA W, CPSA A SD/SW039 467303 6944057 0.004 <0.002

SW039 recorded PFAS 0.004 µg/L in 2017( CH2M DSI). 
This location is right on the boundary of the Base and 
the adjacent Coal Mine and downstream of reference 
site SW025. The detection at SW039 needs validation 
and was not included in the last SME.

N/A - creeks and rivers SD/SW040 474781 6942321 0.31 0.01 <0.0005 <0.0005
Downstream recreational fishing location on the
Bremer River.

CPSA L SD/SW041 472729 6943338 10.7 0.127 0.098 0.0007
Adjacent to Major Discharge Point DP9. Drains
area from CPSA L.

N/A - creeks and rivers SD/SW045 473763 6943238 0.23 0.01 0.0028 <0.0002
Exceedance of recreational criteria. Downstream
of confluence of Bremer River and Warrill Ck.

CPSA A, CPSA U, CPSA T - creeks and riversSD/SW047 470856 6945835 5.47 0.43 0.0054 0.0004
Adjacent to Major Discharge Point DP5 - main
discharge point for northern airside section.

CPSA B SD/SW048 470719 6942238 17.5 0.54 - -
Drains former landfill area (CPSA B). No previous
sediment results.

CPSA W, CPSA A SD/SW049 468754 6944422 3.42 0.15 0.0749 0.0011
Water storage downgradient of CPSA A and CPSA
W.

N/A - creeks and rivers SD/SW050 472086 6944536 0.23 0.009 0.0003 <0.0002
Adjacent to Major Discharge Point DP6.
Exceedance of recreational criteria.

CPSA P, CPSA AA SD/SW051 472238 6944136 0.66 0.03 0.0048 0.0002
Adjacent to DP7. Downstream of CPSA P and AA.
Exceedance of drinking water criteria.

N/A - creeks and rivers SD/SW052 469459 6946618 0.005 <0.002 <0.0002 <0.0002 Adjacent to Major Discharge Point DP4.

CPSA Q SD/SW053 470924 6943953 5.29 0.056 0.0403 0.0007
Exceedances of recreational criteria. Downstream from 
CPSA Q.

CPSA U
SD/SW056 470403 6943984 5.77 0.14 0.369, 0.3552 0.0003, 0.0009

Upstream of junction in drainage line upgradient
of CPSA U. Exceedance of recreational criteria.

CPSA A
SD/SW059 469942 6944031 1.33 0.098 0.0433 <0.0002

Upstream of CPSA A. Exceedance of recreational
criteria.

CPSA F SD/SW064 471876 6941750 3.27 0.048 0.0421 0.0005

Directly downgradient of CPSA F. Exceedances of
recreational criteria. Sample location drains to minor 
drainage point DP14

CPSA J SD/SW067 472450 6942135 2.52 0.127 1.92 0.0003 Exceedance of SW recreational criteria.
CPSA U SD/SW076 470228 6944050 34.5 1.29 0.0241 0.0004 Upstream of CPSA U.
CPSA BB SD/SW080 471735 6943284 8.46 0.148 - - No previous sediment results.

N/A - creeks and rivers SD/SW088 470315 6946623 0.28 <0.01

Located east of SW052. Required to collect additional 
samples between SD/SW52 and SD/SW47 in order to 
further understand
concentrations along this River.

N/A - creeks and rivers SD/SW089 468519.26 6946136.883 <0.01 <0.01 <0.0002 <0.0002 Downstream from Minor Discharge Point DP3
CPSA W -  creeks and rivers SD/SW090 467655.877 6945286.998 <0.01 <0.01 <0.0002 <0.0002 Downstream from Major Discharge Point DP2
N/A - creeks and rivers SD/SW091 467372.212 6944698 <0.01 <0.01 <0.0002 <0.0002 Downstream from Minor Discharge Point DP1

CPSA A, CPSA U, CPSA T - creeks and riversSD/SW094 471071.31 6945596.721 0.95 0.07

Located south of SD/SW047 and DP5. Additional
samples required in this area due to high PFAS 
detections at SD/SW047 during SME (April 2019)
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Table B1 - Surface Water/Sediment Sampling Rationale

690738

Relevant Confirmed Primary Source 
Area Sample Location Easting Northing

Previous PFOS + 
PFHxS SW 
Results (µg/L)

Previous PFOA 
SW Results 
(µg/L)

Previous PFOS + 
PFHxS Sediment 
Results (mg/kg)

Previous PFOA Sediment 
Results (mg/kg)

Sampling Rationale

N/A - creeks and rivers SD/SW098 473246.387 6943426.467 0.03 <0.01 0.0031 <0.0002

Exceedance of recreational criteria. Upstream of Bremer 
River/Warrill Creek confluence on Bremer River.

CPSA J - creeks and rivers SD/SW099 472992.478 6942983.958 0.09 <0.01 0.115 0.0007
Downstream of minor discharge points DP10 and
DP11. Exceedance of drinking water criteria.

CPSA J -  creeks and rivers SD/SW100 473027.08 6942663.319 0.14 0.01 0.0113 <0.0002 Adjacent to minor discharge point DP12.

N/A - creeks and rivers SD/SW070 470449 6941269 <0.002 <0.002 <0.0002 <0.0002 Upstream reference location off-base on Warrill Creek.
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Table B2 - Groundwater Sampling Rational

690738

Sample 
Location

Confirmed Primary Source 
Area Easting Northing

Maximum Previous PFOS + 
PFHxS Results (µg/L)

Maximum Previous 
PFOA Results (µg/L) Sampling Rationale Depth of well (mbTOC)

Well 
construction 
details available 
(Y/N)

MW08 470915.455 6945408.699 0.14 <0.01

Downgradient of CPSA A near of Major discharge point DP5. 
Monitoring migration of the groundwater plume to the east.

13.5 N

MW09 470345.763 6945351.913 3.27 0.31

Down gradient of CPSA A, adjacent to major drain (unlined) 
that flows to discharge point DP5. Monitor migration of the 
groundwater plume to the east.

10.5 N

MW33 469448.259 6944521.975 <0.01 <0.01

MW33 is installed within CPSA A, a Major CPSA, with highest 
recorded PFOS+PFHxS concentrations in soil on the Base. 
Adjacent to the Temporary Stockpile Facility (TSF)

33 N

MW39 469829.522 6944542.025 0.46 <0.01

MW39 is installed on the boundary of CPSA A, a Major CPSA, 
with highest recorded PFOS+PFHxS concentrations in soil on 
the Base. Downgradient of the Temporary Stockpile Facility 
(TSF) and upgradient of the major (unlined) drain that 
discharges at DP5

17.5 Y

MW2 469176.000 6944675.000 <0.05 <0.05
23.7 Y

MW40 469329.552 6944915.432 <0.05 <0.05
Y

MW47 B 470829.079 6942034.155 0.51 <0.01
Downgradient of Boeing Hangar and Former landfill (Major 
CPSA B). Previous exceedances of recreational guidelines. 13.5

Y

MW37 C 470092.648 6942085.960 7.6 0.03

Intercepts groundwater flow from former FTA area (Major 
CPSA C). Previous identifications of PFAS use and 
contamination. Exceedances of recreational guidelines in 
previous groundwater sampling. 25.2

N

MW21 470471.650 6941892.800 198.2 4.08 6

N

MW32 470567.992 6941807.705 37.6 2.21 26.68

N

MW48 E 471065.426 6941877.437 26.3 0.65

Associated with former contaminment pond (moderate CPSA 
E). Previously recorded exceedances of recreational 
guidelines. 10.5

Y

MW50 G 471835.144 6941119.488 < 0.01 <0.01

Well location on edge of inferred groundwater 
contamination plume in south of site. Additionally associated 
with Major CPSA G. Well location may provide information 
on seasonality of groundwater gain/loss  to surface water. 14.5

Y

MW05 J 472815.463 6942196.518 0.02 <0.01

Down-gradient of Major CPSA J and up-gradient of Warrill 
Creek. May provide additional information on PFAS 
migration to surface water. Previous detection of PFAS 
below drinking water criteria. 17

N

MW06 472380.904 6943190.490 172 2.44 14.3 N
MW23 472692.870 6943216.560 0.38 <0.01 11.8 N
MW28 473015.350 6943198.896 60.6 2 14.5 N
MW29 473255.409 6943024.677 6.1 0.15 10 N

MW36 472986.435 6943565.401 0.03 <0.01 15.2
N

MW02 471173.190 6943218.100 1.53 <0.05

Adjacent to Former Fuel Farm 1 and Triple Interceptor Pit 
(major CPSA M). Previous detections of PFAS exceeding 
recreational guidelines.

N

MW307 470913.100 6943200.900

Perched groundwater, only one sample has ever been tested 
for PFAS (end of wet season). Get one more sample for dry 
season, after 2019 no need to keep monitoring this well 5

N

MW309 470912.000 6943200.600

This deeper well is adjacent to MW307, in the area of Major 
CPSA M (old Fuel Farm). This sample is recommened to 
monitor downward migration 19

N

MW35 T 471750.086 6944924.811 <0.01 <0.01
Downgradient of insignificant CPSA T. Sampling required to 
delineate groundwater contamination plume. 13.5 N

MW46 V 470217.438 6943932.440 298 23.7

Adjacent to  fomer AFFF wastewater holding tank (minor 
CPSA V). Previous high concentrations exceeding 
recreational criteria. 11.2

Y

MW26 469433.380 6943381.927 0.29 <0.01 17.5 N
MW30 468713.564 6943870.895 1.64 <0.01 21 N
MW42 468618.971 6943727.396 <0.01 <0.01 30 Y
MW43 468588.922 6943517.561 <0.01 <0.01 21 Y
MW31 468676.355 6943970.175 0.03 <0.01 20.5 N

MW41 X 469160.848 6943850.922 < 0.01 <0.05

Well is screened within Walloon Coal Measures - sampled to 
determine connectivity between WCM and overlying 
formations. Although locations has non-detects, has been 
identified as major CPSA due to historical use, therefore 
continued monitoring is recommended. 14.5

Y

MW20
Z

471233.884 6942554.931 7.81 0.36
Detections above recreational criteria associated with minor 
CPSA Z. 16.5 N

MW15

X & Y

471111.000 6943256.000 16.65 0.24

High PFAS detections at MW46. Groundwater between Area 
s X and Y needs to be sampled in order to understand any 
linkage between these two sites and to monitor.

N

MW07 AA 471394.347 6944291.348 226.2 2
Highly elevated concentration  at former location of AFFF 
Wastewater Holidng Tank (minor CPSA V). 10 N

MW12 BB 471328.123 6942731.057 0.1 <0.01
Minor detection exceeding drinking water criteria associated 
with former irrigation location (minor CPSA B). 17.5 N

MW22 CC 471645.430 6941546.920 31.9 0.33
Well associated with former landfill (moderate CPSA CC. 
Detection of PFAS above recreational guidelines. 9 N

MW49 DD 471474.555 6941850.037 46.7 1.68
Former fire training area (major CPSA DD). Significant 
detection of PFAS exceeding recreational criteria. 10.5 Y

MW54S 473495.669 6941931.379 0.07 <0.01
Off-base well exhibiting concentrations exceeding drinking 
water criteria. 7 Y

MW54D 471620.885 6941287.347 <0.01 <0.01

Off-base well screened within Walloon Coal Measures. Will 
confirm non-connectivity between WCM and tertiary 
formations. 21

Y

W

M

L

D

Adjacent to CPSA A. and up gradient of Hansen's Farm 
Conservation Area. MW2 and MW40 will be sampled to add 
point to dataset to further understand if PFAS contamination 
is present across this area. These GWMWs will also be part 
of the OMP to monitor the Temporary Stockpile Facility

Sewage Treatment Plant monitoring wells (Major CPSA D).

Although associated with an insignificant CPSA, all locations 
exhibited detections of PFAS, with only one well location 
exhibiting detections below screening criteria. MW06 is also 
down-gradient of minor CPSA B. 

Wells associated with Fire Fighting Training School with 
detections of PFAS above adopted criteria. MW42 and 
MW43 will be sampled to support inferred results regarding 
connectivity between Walloon Coal Measures and overlying 
strata. 

A
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Table B2 - Groundwater Sampling Rational

690738

Sample 
Location

Confirmed Primary Source 
Area Easting Northing

Maximum Previous PFOS + 
PFHxS Results (µg/L)

Maximum Previous 
PFOA Results (µg/L) Sampling Rationale Depth of well (mbTOC)

Well 
construction 
details available 
(Y/N)

MW24 472103.470 6944239.280 0.04 <0.01

Well location on edge of inferred groundwater 
contamination plume. Sampling will assist in assessing 
seasonality of groundwater gain/loss to surface water. 11

N

MW25 470795.280 6945731.420 1.58 0.04

Downgradient of inferred groundwater flow from CPSAs U 
and T. Intended to provide information on groundwater flow 
to surface water feature (Bremer River). 11.4

N

MW34 470540.905 6946271.392 <0.01 <0.01

Retrieval of data logger for seasonal groundwater trends. 
Will assist with confirmation of seasonality of groundwater 
gain/loss to surface water. 10

N

MW55D 472101.241 6944347.540 <0.01 <0.01

Retrieval of data logger for seasonal groundwater trends. 
Resampling is intended to confirm non-connectivity between 
aquifers. 34

Y

MW55S 472099.525 6944347.871 1.24 0.01
Well located down-gradient of CPSA AA, with previous 
detections of PFAS exceeding recreational criteria. 12 Y

MW56D 473793.118 6943349.004 < 0.01 < 0.01

Off-Base well. Retrieval of data logger for seasonal 
groundwater trends. esampling is intended to confirm non-
connectivity between aquifers. 18

Y

MW56S 473790.358 6943348.606 < 0.01 < 0.01

Off-Base well. Retrieval of data logger for seasonal 
groundwater trends. Well is screened within Walloon Coal 
Measures. Sampled to add second point to data set and 
confirm non-connectivity between aquifers. 9.5

N

MW57 S 473495.669 6941931.379 0.2 < 0.02
Off-base well exhibiting concentrations exceeding drinking 
water criteria. 8.5 N

MW57D 473496.977 6941930.865 < 0.01 < 0.01

Off-Base, pair of nested wells with concentrations exceeding 
drinking water criteria. Recommend sampling to confirm non-
connectivity. 15.5

N

MW44 472441.622 6943808.992 < 0.01 <0.01

Well location located on edge of inferred groundwater 
contamination plume. Sampling intended to monitor 
movement of contamination with inferred groundwater 
flow. 11

Y

N/A



0.0

0.0

0.1

0.1

0.0

0.1

0.1

0.1

No visual contamination or
odours observed.
White fragments (baked
lime-like), ash and charcoal
flecks. No odour.

White fragments (baked
lime-like) and charcoal
flecks to 3.0 mbgl. No
odour.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, soft.
Silty CLAY, brown with dark brown mottling, low plasticity, moist,
firm.

Hand auger to 1.5 mbgl

Silty CLAY, grey with brown mottling, low plasticity, moist, firm.

Silty CLAY, grey, high plasticity, moist, hard.

Silty CLAY, grey with red-brown mottling, high plasticity, moist, hard.

Silty CLAY, brown, high plasticity, moist, hard. Black organic matter.

0861_MW39_0.1_171121

0861_MW39_0.5_171121

0861_MW39_1.0_171121

0861_MW39_1.5_171124

0861_MW39_2.0_171124

0861_MW39_2.7_171124

0861_MW39_4.2_171124

0861_MW39_5.2_171124

0861_MW39_7.2_171124

Gatic

Grout

Environmental GW Well Log GW Well No. MW39

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 28.41

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 19.00 mbgl

Site: RAAF Base Amberley

Easting: 469329.55
Northing: 6944915.43

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.1

0.1

0.1

0.1

0.1

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, red-brown, high plasticity, moist, hard. Intermittent white
fragments.

Clayey SILT, brown with red-brown mottling, low plasticity, moist,
hard. Intermittent white fragments/salts?.

Clayey SAND, light brown with orange mottling, dry, fine grained,
dense, 30% clay.

Silty CLAY, brown, high plasticity, moist, hard. silty.

SAND, yellow-brown, moist, fine grained, loose, some clay.

Clayey SAND, brown-grey, moist, fine grained, dense, 30% clay.

CLAY, dark grey, moist, hard, minor silt.

Clayey COAL, black, dry.

End of borehole at 19.00 mbgl.

0861_MW39_10.2_171124

0861_MW39_12.7_171124

0861_MW39_16.5_171124

0861_MW39_17.6_171124

0861_MW39_17.9_171124

0861_MW39_18.9_171124

10.97 mbgl @
21/03/18

Bentonite seal

Sand filter

Screen

Bentonite backfill

Environmental GW Well Log GW Well No. MW39

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 28.41

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 19.00 mbgl

Site: RAAF Base Amberley

Easting: 469329.55
Northing: 6944915.43

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.9

0.1

0.1

0.1

0.1

0.1

0.1

0.2

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, dry, stiff.

Moist from 0.5 mbgl

Silty CLAY, brown, high plasticity, moist, very stiff.

Silty CLAY, brown-grey with orange mottling, high plasticity, moist,
hard.

Silty CLAY, red-brown, high plasticity, moist, hard.

0861_MW40_0.1_180124

0861_MW40_0.5_180124

0861_MW40_1.0_180124

0861_MW40_1.5_180124

0861_MW40_1.8_180124

0861_MW40_2.5_180124

0861_MW40_4.5_180124

0861_MW40_5.5_180124

0861_MW40_7.5_180124

9.43 mbgl @ 31/1/18

Gatic

Grout

Environmental GW Well Log GW Well No. MW40

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 46.38

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 23.00 mbgl

Site: RAAF Base Amberley

Easting: 469160.85
Northing: 6943850.92

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.2

0

0.1

0.2

0.1

0.1

0.2

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination.
Weak hydrocarbon odour.

Silty CLAY, light brown with brown mottling, high plasticity, dry, hard.

Silty CLAY, light grey, high plasticity, dry, hard.

Silty CLAY, red, high plasticity, dry, hard.

Silty CLAY, grey, high plasticity, moist, hard. Colour graduates to
grey-brown to brown.

Silty CLAY, brown with yellow-brown mottling, high plasticity, dry,
hard.

Clayey COAL, black, dry.

0861_MW40_10.6_180124

0861_MW40_11.1_180124

0861_MW40_11.7_180124

0861_MW40_12.3_180124

0861_MW40_14.3_180124

0861_MW40_16.1_180124

0861_MW40_17.6_180124

0861_MW40_19.6_180124

Bentonite seal

Environmental GW Well Log GW Well No. MW40

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 46.38

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 23.00 mbgl

Site: RAAF Base Amberley

Easting: 469160.85
Northing: 6943850.92

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



3.0

1.0

3.6

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, hard.

Becomes clayey sand from 21.3 to 21.5 mbgl.

Silty CLAY, light grey, high plasticity, moist, hard.

Dry and gravely from 21.8 to 22.0 mbgl

Drilled to 23.0 mbgl with last metre of core lost down bore.

End of borehole at 23.00 mbgl.

0861_MW40_21.3_180124

0861_MW40_21.6_180124

0861_MW40_21.9_180124

Sand filter

Screen

Backfill from cuttings

Environmental GW Well Log GW Well No. MW40

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 46.38

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 3 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 23.00 mbgl

Site: RAAF Base Amberley

Easting: 469160.85
Northing: 6943850.92

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



2.6

0.2

0.5

0.1

0.1

0.2

0.1

0.1

0.2
0.1

0.1

0.1

0.2

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, low plasticity, moist, firm.

Silty CLAY, yellow-brown, low plasticity, moist, firm.

Hand auger and NDD to 1.5 mbgl
CLAY, light grey, high plasticity, moist, hard with trace silt.

Silty CLAY, light grey with yellow mottling, high plasticity, moist,
hard, some fine grained sand.

Very stiff and increased yellow mottling from 3.0 to 4.1 mbgl

GRAVEL, red-brown, dry, subangular, fine to medium grain, loose,
some clay and sand.

GRAVEL, light brown, dry, subangular, medium to coarse grain,
siltstone GRAVEL, very dense, some clay.

Red-brown in colour from 6.30 to 6.40 mbgl
Brown clayey  from 6.40 to 6.70 mbgl.

Silty CLAY, grey with yellow-brown mottling, high plasticity, moist,
hard.

Silty CLAY, brown with black mottling, high plasticity, moist, hard.

Silty CLAY, light brown with orange-brown mottling, high plasticity,
moist, hard.

SANDSTONE, light brown, moist.

0861_MW41_0.1_180206

0861_MW41_0.5_180206

0861_MW41_1.0_180206

0861_MW41_1.6_180202

0861_MW41_2.1_180202

0861_MW41_3.1_180202

0861_MW41_4.9_180202

0861_MW41_5.1_180202

0861_MW41_6.4_180202
0861_MW41_6.5_180202

0861_MW41_6.8_180202

0861_MW41_8.1_180202

0861_MW41_9.1_180202

9.61 mbgl @
21/03/18

Gatic

Grout

Environmental GW Well Log GW Well No. MW41

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 40.04

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.00 mbgl

Site: RAAF Base Amberley

Easting: 468618.97
Northing: 6943727.40

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 02-Feb-18

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.3

0.2

0.1

0.1

0.1

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, brown-grey, high plasticity, moist, hard.

Orange clay lens, 5mm thick, blocky

Orange clay lens, 5mm thick, blocky

CLAY, brown, high plasticity, moist, hard with trace silt.

Coal layer from 11.5 to 11.55 mbgl.

COAL, black, dry.

Silty CLAY, grey, high plasticity, moist, hard.

Silty CLAY, light grey, high plasticity, moist, hard, some fine grained
sand.

End of borehole at 15.00 mbgl.

0861_MW41_10.1_180202

0861_MW41_11.4_180202

0861_MW41_12.0_180202

0861_MW41_12.3_180202

0861_MW41_12.8_180202

0861_MW41_14.9_180202

Bentonite seal

Sand filter

Screen

Backfill from cuttings

Environmental GW Well Log GW Well No. MW41

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 40.04

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.00 mbgl

Site: RAAF Base Amberley

Easting: 468618.97
Northing: 6943727.40

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 02-Feb-18

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.0

0.0

0.2

0.1

0.1

0.1

0.0

0.0

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.
No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, soft. silty.
Silty CLAY, brown, low plasticity, moist, stiff. silty.

Silty CLAY, brown-grey, low plasticity, moist, hard. silty.

Hand auger refusal on hard clay at 1.2 mbgl

Silty CLAY, yellow-brown, high plasticity, moist, hard, trace of
subangular fine gravel. silty.

CLAY, brown, high plasticity, moist, hard, trace of sand.

CLAY, light brown with yellow-brown mottling, moist.

Minor gravels from 4.6 to 4.8 mbgl

GRAVEL, light grey, dry, angular, medium to coarse grain, siltstone,
loose, trace of clay and sand.

CLAY, light brown, high plasticity, moist, hard.

Clayey GRAVEL, pink-brown, moist, angular, fine to medium grain,
dense, 30% clay.

Silty CLAY, light brown with light grey mottling, high plasticity, moist,
hard, trace of fine grained sand.

Silty CLAY, yellow-brown, high plasticity, moist, hard.
Silty CLAY, light brown with yellow mottling, high plasticity, moist,
hard, trace of sand.

GRAVEL, light brown, dry, subangular, medium to coarse grain,
siltstone, very dense.

Becomes light grey

Silty CLAY, light grey with light brown mottling, high plasticity, moist,
hard.

Sandy CLAY, light brown with yellow-brown mottling, low plasticity,
moist, very stiff, 30% fine grained sand.

0861_MW42_0.1_171130
0861_QC115_171130
0861_QC215_171130

0861_MW42_0.5_171130

0861_MW42_1.5_171129

0861_MW42_1.8_171129

0861_MW42_3.1_171129

0861_MW42_4.8_171129

0861_MW42_7.0_171129

0861_MW42_8.4_171129

Gatic

Environmental GW Well Log GW Well No. MW42

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 49.18

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 30.00 mbgl

Site: RAAF Base Amberley

Easting: 468588.92
Northing: 6943517.56

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 30-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.1

0.3

0.1

0.5

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Sandy CLAY,  pink with black mottled organic matter, low plasticity,
moist, hard, 30% sand.

Silty CLAY, light grey with yellow-brown mottling, high plasticity,
moist, hard.

Sandy CLAY, light grey, low plasticity, moist, hard, 30% fine grained
sand.

Silty CLAY, grey, high plasticity, moist, hard. Interbedded layers of
coal.

Coal layer from 15.0 to 15.4 mbgl.

Coal layer from 16.3 to 16.5 mbgl.

Fractured core gravels from 18.1 to 18.2 mbgl.

Coal layer from 18.9 to 19.1 mbgl.

Coal layer form 19.5 to 19.95 mbgl.

0861_MW42_11.4_171129

0861_MW42_13.5_171129

0861_MW42_15.5_171129

0861_MW42_17.5_171129

0861_MW42_19.5_171130

Grout

Environmental GW Well Log GW Well No. MW42

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 49.18

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 30.00 mbgl

Site: RAAF Base Amberley

Easting: 468588.92
Northing: 6943517.56

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 30-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.2

0.2

0.1

0.1

No visual contamination or
odours observed.

Coal layer from 21.5 to 22.00 mbgl.

Coal layer from 23.0 to 23.3 mbgl.

Coal layer with brown clay from 24.0 to 24.5 mbgl.

SILTSTONE, light grey, dry.

End of borehole at 30.00 mbgl.

0861_MW42_21.9_171130

0861_MW42_23.1_171130

0861_MW42_25.0_171130

0861_MW42_27.4_171130

0861_MW42_29.8_171130

20.99 mbgl @
22/03/18

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW42

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 49.18

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 3 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 30.00 mbgl

Site: RAAF Base Amberley

Easting: 468588.92
Northing: 6943517.56

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 30-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.3

0.3

0.2

0.1

0.2

0.2

0.0

0.2

0.5

0.1

0.0

0.1

0.1

0.2

0.2

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, soft.
Silty CLAY, brown, high plasticity, moist, very stiff.

Silty CLAY, yellow-brown, high plasticity, moist, hard.

GRAVEL, red, moist, subangular, medium to coarse grain, very
dense, some clay and sand.

Sandy CLAY, yellow-brown with brown-grey mottling, low plasticity,
dry, firm.

CLAY, brown-grey, high plasticity, dry, hard, trace of sand. silty.

SANDSTONE, light grey, dry,  highly weathered, clayey.

Sandy CLAY, light grey, low plasticity, dry, hard.

Highly weathered sandstone layer, light brown, dry from 4.4 to 4.5
mbgl.

GRAVEL, red, dry, subangular, medium to coarse grain, very dense,
some clay and sand.

Silty CLAY, light grey, high plasticity, dry, hard, some sand.

SILTSTONE, light brown, dry.
GRAVEL, red, dry, subangular, medium to coarse grain, very dense.

Silty CLAY, light brown, dry, hard.

SANDSTONE, light brown, dry,  highly weathered, clayey.

CLAY, brown with black mottling, high plasticity, moist, hard.

Silty CLAY, yellow with light brown mottling, high plasticity, moist,
hard, with, trace black organic matter.

0861_MW43_0.1_180205
0861_QC124_180205
0861_QC224_180205

0861_MW43_0.5_180105

0861_MW43_1.0_180205

0861_MW43_1.6_180205

0861_MW43_1.9_180205

0861_MW43_2.1_180205

0861_MW43_2.6_180205

0861_MW43_3.3_180205

0861_MW43_5.0_180205

0861_MW43_5.2_180205

0861_MW43_5.9_180205

0861_MW43_6.4_180205

0861_MW43_7.1_180205

0861_MW43_8.8_180205

0861_MW43_9.1_180205

Gatic

Grout

Environmental GW Well Log GW Well No. MW43

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.31

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 472441.62
Northing: 6943808.99

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 06-Feb-18

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.3

0.3

0.3

0.3

0.1

0.5

0.4

0.7

1.9

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

CLAY, black with brown mottling, high plasticity, moist, hard.

Silty CLAY, grey with yellow mottling, high plasticity, moist, hard.

Soft layer with black mottling  from 10.7 to 10.85 mbgl

Reduced yellow mottling from 11.5 mbgl with no  mottling below
12.0 mbgl.

Thin coal layers (<3mm thick) from 11.7 to 12.0 mbgl.

MUDSTONE, light grey, dry, sandy.

SILTSTONE, light brown, dry.
Silty CLAY, light grey, high plasticity, dry, hard.

CLAY, brown, high plasticity, dry, hard.

COAL, black, dry.

SILT, light grey, low plasticity, dry, hard, trace of fine grained sand
and clay, with interbedded harder layers of siltstone.

Brown clay layer with coal from 15.0 to 15.2 mbgl

Brown clay layer from 16.8 to 16.9 mbgl.

Black clay layer, soft,  from 17.5 to 17.65 mbgl

0861_MW43_10.0_180205

0861_MW43_10.8_180205

0861_MW43_12.6_180205

0861_MW43_13.4_180205

0861_MW43_14.0_180205

0861_MW43_14.3_180205

0861_MW43_15.1_180205

0861_MW43_17.6_180205

0861_MW43_19.6_180205

14.54 mbgl @
22/03/18

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW43

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.31

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 472441.62
Northing: 6943808.99

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 06-Feb-18

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.0 No visual contamination or
odours observed.

Coal layer from 20.4 to 20.7

End of borehole at 21.00 mbgl.

0861_MW43_20.5_180205

Environmental GW Well Log GW Well No. MW43

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.31

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 3 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 472441.62
Northing: 6943808.99

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 06-Feb-18

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.1

0.2

0.1

0.1

0.3

White shale gravels, sub
angular. No odour

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, brown, high plasticity, moist, very stiff.

Hand auger refusal at 0.5 mbgl on very stiff clay.

Becomes hard from 2.0 mbgl

CLAY, brown, low plasticity, moist, very stiff, some sand. Gradually
becomes more sandy.

Clayey SAND, brown, moist, fine grained, very dense.

SAND, brown, moist, fine to medium grained, loose, trace of clay.

0861_MW44_0.0_180124

0861_MW44_0.5_180124

0861_MW44_2.0__180125

0861_MW44_4.0_180125

0861_MW44_6.0_180125

0861_MW44_7.6_180125

0861_MW44_8.5_180125

0861_MW44_9.0_180125

8.36 mbgl @
21/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW44

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 26.00

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 12.00 mbgl

Site: RAAF Base Amberley

Easting: 470217.44
Northing: 6943932.44

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 25-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.7

No visual contamination or
odours observed.

Sandy CLAY, brown, low plasticity, moist, very stiff.

End of borehole at 12.00 mbgl.

0861_MW44_11.0_180125

0861_MW44_11.9__180125

Bentonite backfill

Environmental GW Well Log GW Well No. MW44

Note: Log for environmental purposes only and not to be interpreted for geotechnical information

.
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Top of Casing Elevation (mAHD): 26.00

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 12.00 mbgl

Site: RAAF Base Amberley

Easting: 470217.44
Northing: 6943932.44

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 25-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.1

0.1

0.1

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Black staining, possibly
organic matter.. No odour

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, red-brown, moist, firm. Reworked natural material.

Silty CLAY, brown, low plasticity, moist, stiff.

Hand auger to 1.5 mbgl

SAND, yellow-brown, dry, fine to medium grained, loose, trace of
clay.

SAND, light brown with orange mottling, dry, fine to medium
grained, loose, some clay.

SAND, light brown with orange and black mottling, moist, fine to
medium grained, dense, some clay. Black mottling possibly organic
matter.

Gravelly SAND, light brown with orange and black mottling, dry, fine
to medium grained, dense, trace of clay. Black mottling possibly
organic matter. Becomes more gravelly with depth.

CLAY, brown, low plasticity, moist, hard, trace of fine to medium
grained sand.

CLAY, brown-grey with orange-brown mottling, low plasticity, moist,
hard, some fine to medium grained sand and medium gravel.

0861_MW46_0.1_171124

0861_MW46_0.5_171124

0861_MW46_1.5_171124

0861_MW46_2.0_171124

0861_MW46_3.3_171124

0861_MW46_4.0_171124

0861_MW46_6.0_171124

0861_MW46_8.0_171124

0861_MW46_9.1_171124

0861_MW46_9.6_171124

7.77 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW46

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 26.27

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 11.80 mbgl

Site: RAAF Base Amberley

Easting: 470829.08
Northing: 6942034.16

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.1

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

Gravelly, sandy CLAY, brown-grey with orange mottling, moist,
some sand and gravel.

Gravelly, clayey SAND, brown, wet, medium to coarse grained,
some clay and gravel.

Silty CLAY, brown, low plasticity, moist, hard, trace of angular fine to
medium gravel and sand.

Gravelly, sandy CLAY, brown, low plasticity, dry, firm, some angular
fine to medium gravel.

End of borehole at 11.80 mbgl.

0861_MW46_10.6_171124

0861_MW46_11.7_171124

Bentonite backfill

Environmental GW Well Log GW Well No. MW46

Note: Log for environmental purposes only and not to be interpreted for geotechnical information

.
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Top of Casing Elevation (mAHD): 26.27

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 11.80 mbgl

Site: RAAF Base Amberley

Easting: 470829.08
Northing: 6942034.16

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 24-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



5.2

0.8

0.0

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Fill
Silty CLAY, dark brown, high plasticity, moist, firm.
Fill
Silty CLAY, dark brown, high plasticity, dry, very stiff, trace of rounded
coarse gravel.

Fill
GRAVEL, brown, dry, subangular, coarse grain, very dense, some
clay.

Hand auger and NDD refusal at 0.95 mbgl.  Possibly on former road
surface.

Silty CLAY, dark brown, high plasticity, moist, very stiff.

Silty CLAY, brown with grey mottling, high plasticity, moist, very stiff.

SAND, light brown with orange mottling, moist, fine grained, very
dense, some clay.

0861_MW47_0.1_171121

0861_MW47_0.5_171121

0861_MW47_2.0_171121

Gatic

Grout

Bentonite seal

Environmental GW Well Log GW Well No. MW47

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 23.11

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 13.50 mbgl

Site: RAAF Base Amberley

Easting: 471065.43
Northing: 6941877.44

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 22-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.0

0.0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

SAND, light brown with orange mottling, moist, fine grained, very
dense, some clay and gravel.

Gravelly SAND, light brown with orange mottling, dry, fine grained,
very dense, trace of clay and gravel.

Some moisture from 12.7 to 12.8 mbgl.

Some moisture from 13.3  to 13.4 mbgl.

End of borehole at 13.50 mbgl.

0861_MW47_12.7_171121

0861_MW47_13.3_171121

10.00 mbgl @
22/03/18

Sand filter

Screen

Environmental GW Well Log GW Well No. MW47

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 23.11

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 13.50 mbgl

Site: RAAF Base Amberley

Easting: 471065.43
Northing: 6941877.44

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 22-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0

0

0

0

0

0

0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, firm.

Silty CLAY, dark brown with red mottling, high plasticity, moist, hard.

Silty CLAY, brown, high plasticity, moist, very stiff.

Silty CLAY, brown, high plasticity, moist, very stiff.

Silty CLAY, brown, high plasticity, moist, stiff, some fine grained
sand.

Clayey SAND, brown, moist, fine grained, very dense.

Sand lens from 8.7 to 8.8 mbgl

0861_MW48_0.1_171121

0861_MW48_0.5_171121

0861_MW48_1.0_171121

0861_MW48_2.5_180123

0861_MW48_4.5_180123

0861_MW48_6.8_180123

0861_MW48_8.0_180123

0861_MW48_8.8_180123

0861_MW48_9.3_180123

0861_MW48_9.8_180123

8.02 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW48

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.04

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 11.00 mbgl

Site: RAAF Base Amberley

Easting: 471474.56
Northing: 6941850.04

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 23-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0

No visual contamination or
odours observed.

Silty CLAY, brown with dark grey mottling, high plasticity, moist,
hard.

End of borehole at 11.00 mbgl.
0861_MW48_10.9_180123

Bentonite backfill

Environmental GW Well Log GW Well No. MW48

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.04

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 11.00 mbgl

Site: RAAF Base Amberley

Easting: 471474.56
Northing: 6941850.04

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 23-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0

0

0

0

0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, stiff.

Silty CLAY, brown, high plasticity, moist, hard.

CLAY, red-brown with orange mottling, high plasticity, moist, firm.

Silty CLAY, dark brown, high plasticity, moist, stiff.

Silty CLAY, brown, high plasticity, moist, very stiff.

Silty CLAY, brown, low plasticity, moist, stiff, some fine grained
sand.

0861_MW49_0.1_171121

0861_MW49_0.5_171121

0861_MW49_1.0_171121

0861_MW49_1.7_180123

0861_MW49_2.2_180123

0861_MW49_4.5_180123

0861_MW49_7.5_180123

0861_MW49_9.1_180123

8.10 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW49

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 24.32

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 12.00 mbgl

Site: RAAF Base Amberley

Easting: 471835.14
Northing: 6941119.49

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 23-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0

0

No visual contamination or
odours observed.

Silty CLAY, brown with grey mottling, high plasticity, moist, hard.

End of borehole at 12.00 mbgl.

0861_MW49_10.1_180123

0861_MW49_11.9_180123

Bentonite backfill

Environmental GW Well Log GW Well No. MW49

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 24.32

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 12.00 mbgl

Site: RAAF Base Amberley

Easting: 471835.14
Northing: 6941119.49

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 23-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.1

0.1

0.2

0.0

0.1

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty SAND, brown, moist, fine grained, loose, some silt and trace
clay.

Silty CLAY, dark brown, high plasticity, moist, hard.

Silty CLAY, brown, high plasticity, moist, hard.

Hand auger refusal at 1.3 mbgl on hard clay

Silty CLAY, brown with white mottling, high plasticity, moist, hard,
trace of fine gravel.

Sandy CLAY, brown, high plasticity, moist, hard, some fine grained
sand.

Clayey SAND, brown, moist, fine grained, dense, some clay.

Gravelly, clayey SAND, brown, moist, fine grained, dense, some
clay with medium gravels.

Silty CLAY, brown, high plasticity, moist, hard.

SAND, brown, moist, fine grained, loose, some clay.

0861_MW50_0.1_171121

0861_MW50_0.5_171121

0861_MW50_1.0_171121

0861_MW50_2.0_171122

0861_MW50_4.0_171122

0861_MW50_6.0_171122

0861_MW50_8.8_171122

Gatic

Grout

Environmental GW Well Log GW Well No. MW50

Note: Log for environmental purposes only and not to be interpreted for geotechnical information

.

PI
D

D
ep

th
(m

bg
l)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10.0

EN
VI

R
O

N
M

EN
TA

L 
LO

G
 T

EM
PL

AT
E 

 6
90

73
8 

- A
M

BE
R

LE
Y.

G
PJ

  C
H

2M
 E

S 
AU

S 
D

AT
A 

TE
M

PL
AT

E 
20

15
.G

D
T 

 2
9-

3-
18

Top of Casing Elevation (mAHD): 24.88

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.00 mbgl

Site: RAAF Base Amberley

Easting: 472106.48
Northing: 6941317.87

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 22-Nov-17

Well Construction
Details

Water encountered

Standing water level

Bentonite seal

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Clayey SAND, brown with orange mottling, moist, fine grained,
dense, 30% clay.

SAND, brown, wet, fine to medium grained, loose, trace of clay.

SAND, brown, moist, fine grained, dense, some clay.

SAND, brown, moist, fine grained, loose, trace of clay.
End of borehole at 15.00 mbgl.

0861_QC113_171122
0861_QC213_171122
0861_MW50_12.2_171122

0861_MW50_14.4_171122

10.25 mbgl @
21/03/18

Sand filter

Screen

Bentonite backfill

Environmental GW Well Log GW Well No. MW50

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 24.88

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.00 mbgl

Site: RAAF Base Amberley

Easting: 472106.48
Northing: 6941317.87

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 22-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.1

0.6

0.9

0.6

0.1

0.1

0.1

0.0

0.0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, very stiff.

CLAY, brown, high plasticity, moist, hard, some fine grained sand
and silt.

Sandy CLAY, brown, high plasticity, moist, firm.

CLAY, brown, high plasticity, moist, very stiff, some sand.

Clayey SAND, brown, moist, fine grained,  dense.

SAND, brown, moist, fine to medium grained, dense, some clay.

0861_MW54D_0.1_180206

0861_MW54D_0.5_180206

0861_MW54D_1.0_180206

0861_MW54D_1.5_180206

0861_MW54D_2.0_180206

0861_MW54D_3.2_180206

0861_MW54D_4.6_180206

0861_MW54D_6.1_180206

0861_MW54D_7.6_180206

5.50 mbgl @
22/03/18

Gatic

Grout

Environmental GW Well Log GW Well No. MW54D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.38

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 471620.89
Northing: 6941288.71

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 07-Feb-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.3

0.1

0.2

0.5

0.6

0.2

0.5

1.1

0.4

0.4

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

SAND, brown, moist, fine to medium grained, loose, trace of clay
and rounded medium to coarse gravels.

GRAVEL, red with grey mottling, wet, sub-rounded, medium to
coarse grain,  dense, trace of clay and sand.

Sandy gravel lens from 11.6 to 11.7 mbgl with no clay.

SAND, brown, moist, fine to medium grained, dense, trace of clay
and  sub-rounded gravels.

Gravelly CLAY, brown, high plasticity, moist, very stiff, some
sub-rounded medium to coarse alluvial gravels (brown) and fine to
medium grained sand.

MUDSTONE, yellow-brown with orange-brown mottling, dry with
trace fine to to medium gravels.

CLAY, grey with orange-brown mottling, high plasticity, moist, very
stiff, some fine grained sand and gravels.

SAND, grey with orange-brown mottling, moist, fine to medium
grained, loose, trace of clay.

Gravels, fine to medium, sub-rounded, from 15.4 to 15.8 mbgl

MUDSTONE, brown, dry.

Silty CLAY, light grey with black mottling (natural organic matter),
high plasticity, moist, hard.

Coal layer 5 mm thick at 17.0 mbgl.

Coal layer from 18.1 to 18.5 mbgl

Coal layer from 18.7 to 19.0 mbgl.

Silty CLAY, brown-grey, high plasticity, moist, hard.

0861_MW54D_10.9_180206

0861_MW54D_11.6_180206

0861_MW54D_12.1_180206

0861_MW54D_12.7_180206

0861_MW54D_14.0_180206

0861_MW54D_14.9_180206

0861_MW54D_16.1_180206

0861_MW54D_18.3_180206

0861_MW54D_18.8_180206

0861_MW54D_19.7_180207

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW54D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.38

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 471620.89
Northing: 6941288.71

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 07-Feb-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.8

Coal layer from 20.0 to 20.05 mbgl

Coal layer from 20.5 to 20.7 mbgl

Coal layer from 20.9 to 21.0 mbgl
End of borehole at 21.00 mbgl.

0861_MW54D_20.9_180207

Environmental GW Well Log GW Well No. MW54D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 20.38

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 3 of 3

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 21.00 mbgl

Site: RAAF Base Amberley

Easting: 471620.89
Northing: 6941288.71

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 07-Feb-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, very stiff.

CLAY, brown, high plasticity, moist, hard, some fine grained sand
and silt.

Sandy CLAY, brown, high plasticity, moist, firm, some sand.

CLAY, brown, high plasticity, moist, very stiff, some sand.

Clayey SAND, brown, moist, fine grained, dense.

End of borehole at 7.50 mbgl.

5.60 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Backfill from cuttings

Environmental GW Well Log GW Well No. MW54S
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Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.20

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
Observations

N
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n

G
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g

Material Description
Sample
Number

Page 1 of 1

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 7.50 mbgl

Site: RAAF Base Amberley

Easting: 472099.53
Northing: 6944347.87

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 07-Feb-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.8

0.2

0.3

0.1

0.1

0.0

0.2

0.2

0.1

0.1

0.1

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, low plasticity, moist, soft.
Silty CLAY, brown-grey, low plasticity, moist, very stiff.

Hand auger to 1.5 mbgl

Clayey SILT, brown, low plasticity, moist, very stiff. clayey (30%).

SAND, brown, moist, fine to medium grained, loose, trace of clay.
Sandy CLAY, light brown, high plasticity, firm, 30% fine grained
sand and silt.

Clayey SAND, light brown, moist, fine grained, dense, 30% clay.

0861_MW55D_0.1_171127

0861_MW55D_0.5_171127

0861_MW55D_1.0_171127

0861_MW55D_1.8_171127

0861_MW55D_2.5_171127

0861_MW55D_4.5_171127

0861_MW55D_7.5_171127

0861_MW55D_8.9_171127

0861_MW55D_9.2_171127

0861_MW55D_9.6_171127

8.26 mbgl @
21/03/18

Gatic

Environmental GW Well Log GW Well No. MW55D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.14

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 4

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 34.00 mbgl

Site: RAAF Base Amberley

Easting: 472101.24
Northing: 6944347.54

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 28-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.0

0.0

0.0

0.0

0.5

0.1

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

SAND, light brown, moist, fine to medium grained, loose, trace of
clay.

Sandy CLAY, light grey with light brown mottling, low plasticity,
moist, very stiff, 30% sand.

No mottling from 14.85 to 15.0 mbgl
SAND, brown, moist, fine to medium grained, dense, some clay and
gravel.

GRAVEL, brown with red mottling, wet, sub-rounded, fine to medium
grain, loose, some clay and sand.

Gravelly clayey SAND, light brown with light grey mottling, moist,
fine to medium grained, dense, 30% clay and gravel.

GRAVEL, yellow-brown, wet, sub-rounded, medium to coarse grain,
loose, trace of clay and sand.

Clayey SAND, mottled pink-brown, moist, medium to coarse
grained, dense, 30% clay.

Silty CLAY, yellow-brown, moist, hard. Interbeded with light grey
mottled light brown clay.

GRAVEL, brown with red-brown mottling, wet, fine to medium
grained, dense, some clay and sand.

CLAY, dark grey, high plasticity, moist, hard. Minor black organic
matter throughout.

CLAY, light grey, high plasticity, moist, hard, some sand.  Thin
lenses (<5mm) of black coal and mottled with coal from 19.2 to 19.6
mbgl.

0861_MW55D_11.3_171127

0861_MW55D_13.5_171127

0861_MW55D_15.2_171127

0861_MW55D_16.0_171127

0861_MW55D_17.5_171127

0861_MW55D_18.2_171127

0861_MW55D_19.5_171127

Grout

Environmental GW Well Log GW Well No. MW55D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.14

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 4

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 34.00 mbgl

Site: RAAF Base Amberley

Easting: 472101.24
Northing: 6944347.54

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 28-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.2

0.4

No visual contamination.
Weak hydrocarbon odour.

No visual contamination.
Weak hydrocarbon odour.
in coal layers.

COAL, black, dry.

CLAY, light grey with black mottling, high plasticity, moist, hard. with
interbeded layers of dry black coal.

Coal layer from 23.8 to 24.1 mbgl.

Coal layer from 26.5 to 26.7 mbgl

Coal layer from 28.2 to 28.5 mbgl.

0861_MW55D_21.3_171127

0861_MW55D_24.6_171127

0861_MW55D_28.4_171128

Bentonite seal

Environmental GW Well Log GW Well No. MW55D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.14

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 3 of 4

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 34.00 mbgl

Site: RAAF Base Amberley

Easting: 472101.24
Northing: 6944347.54

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 28-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.0

0.1

No visual contamination or
odours observed.

No coal from 30.0 mbgl to 32.8 mbgl.

Dry clay gravels between 31.5 and 31.7 mbgl.

COAL, black, dry.

End of borehole at 34.00 mbgl.

0861_MW55D_31.6_171128

0861_MW55D_32.8_171127

0861_MW55D_33.9_171128

Sand filter

Screen

Environmental GW Well Log GW Well No. MW55D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 22.14

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 4 of 4

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 34.00 mbgl

Site: RAAF Base Amberley

Easting: 472101.24
Northing: 6944347.54

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 28-Nov-17

Well Construction
Details

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



No visual contamination or
odours observed.
No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, low plasticity, moist, soft.
Silty CLAY, brown-grey, low plasticity, moist, very stiff.

Hand auger to 1.5 mbgl

Clayey SILT, brown, low plasticity, moist, very stiff. clayey (30%).

SAND, brown, moist, fine to medium grained, loose, trace of clay.
Sandy CLAY, light brown, high plasticity, firm, 30% fine grained
sand and silt.

Clayey SAND, light brown, moist, fine grained, dense, 30% clay.

SAND, light brown, moist, fine to medium grained, loose, trace of
clay.

End of borehole at 12.00 mbgl.

8.27 mbgl @
21/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW55S
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Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 14.76

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
Observations

N
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Sa
m
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 ta
ke

n

G
ra

ph
ic

Lo
g

Material Description
Sample
Number

Page 1 of 1

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 12.00 mbgl

Site: RAAF Base Amberley

Easting: 473793.12
Northing: 6943349.00

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 28-Nov-17

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0

0.1

0

0.1

0

0.0

0.1

0.4

0.2

Grey gravels, sub angular.
No odour

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or

Fill
Silty CLAY, brown, low plasticity, dry, stiff.

Silty CLAY, brown-grey, low plasticity, dry, hard.
Hand auger refusal at 0.5 mbgl on very stiff clay.

Sandy CLAY, brown, low plasticity, moist, very stiff, some fine to
medium grained sand and silt with trace black mottling (natural
organic matter).

Clayey SAND, brown, moist, fine to medium grained, very dense,
some clay with trace black mottling (natural organic matter).

GRAVEL, brown with orange mottling, wet, rounded, medium to
coarse grain, loose, some clay and sand.

Silty CLAY, dark grey, high plasticity, moist, hard.

SANDSTONE, light grey, moist, some silt, highly weathered.

0861_MW56_0.0__180124

0861_MW56_0.5_180124

0861_MW56D_2.7__180129

0861_MW56D_3.2_180129

0861_MW56D_5.1__180129

0861_MW56D_6.5__180129
0861_QC119_180129
0861_QC219_180129
0861_MW56D_6.7_180129

0861_MW56D_8.7_180129

0861_MW56D_9.2_180129

0861_MW56D_9.6_180129

0861_MW56D_9.9_180129

5.78 mbgl @
21/03/18

Gatic

Grout

Environmental GW Well Log GW Well No. MW56D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 15.08

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 18.00 mbgl

Site: RAAF Base Amberley

Easting: 473790.36
Northing: 6943348.61

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 29-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



1.0

0.3

0.4

0.5

0.2

0.5

0.3

0.9

0.9

odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

SANDSTONE, light brown, dry.

SANDSTONE, orange, moist.

SILTSTONE, light grey, dry.

SANDSTONE, light grey, moist.

Black mottling (natural organic matter) from 17.7 to 18 mbgl.

End of borehole at 18.00 mbgl.

0861_MW56D_12.1_180129

0861_MW56D_13.9_180129

0861_MW56D_14.1_180129

0861_MW56D_14.9_180129

0861_MW56D_15.3__180129

0861_MW56D_15.9__180129

0861_MW56D_16.4_180129

0861_MW56D_16.6__180129

0861_MW56D_17.9__180129

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW56D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 15.08

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 18.00 mbgl

Site: RAAF Base Amberley

Easting: 473790.36
Northing: 6943348.61

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 29-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

1.5

1.0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, brown, low plasticity, dry, stiff.

Silty CLAY, brown-grey, low plasticity, dry, hard.

Sandy CLAY, brown, low plasticity, moist, very stiff, some fine to
medium grained sand and silt with trace black mottling (natural
organic matter).

Clayey SAND, brown, moist, fine to medium grained, very dense,
some clay with trace black mottling (natural organic matter).

GRAVEL, brown with orange mottling, wet, rounded, medium to
coarse grain, loose, some clay and sand.

End of borehole at 9.50 mbgl.

0861_MW56S_0.1__180130
0861_QC120_180130
0861_QC220_180130

0861_MW56S_0.5__180130

0861_MW56S_1.0_180130

5.66 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW56S

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 16.49

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 1

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 9.50 mbgl

Site: RAAF Base Amberley

Easting: 473496.98
Northing: 6941930.87

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 30-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.0

0.0

0.0

0.0

0.0

0.8

Fine to coarse black coal
gravels, sub angular to sub
rounded.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.
Green staining from 9.1 to
11.0 mbgl. Becomes
mottled staining with depth.
Potentially very weak
hydrocarbon odour.

Silty CLAY, dark brown, high plasticity, moist, firm.

Silty CLAY, brown, high plasticity, moist, stiff.

CLAY, brown, high plasticity, moist, stiff, some fine grained sand
and silt.  Becomes more sandy with depth.

Clayey SAND, brown, moist, fine grained, dense.

Becomes wet from 8.8 mbgl.
GRAVEL, brown, wet, rounded, medium to coarse grain. Core lost
and caved in, estimated depth..

SANDSTONE, grey, moist, highly weathered.

0861_MW57_0.0_180124

0861_MW57_0.8_180124

0861_MW57_1.5_180130

0861_MW57D_3.5_180130

0861_MW57D_5.5_180130

0861_MW57D_6.6_180130

0861_MW57D_8.8_180130

0861_MW57D_9.2_180130

5.67 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Environmental GW Well Log GW Well No. MW57D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 16.48

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.50 mbgl

Site: RAAF Base Amberley

Easting: 473495.67
Northing: 6941931.38

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 31-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



0.2

0.6

0.1

1.9

0.3

1.1

0.9

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

MUDSTONE, grey, moist.

SILTSTONE, light grey, dry, gravels in core.

Silty CLAY, grey, high plasticity, moist, hard.

MUDSTONE, grey, dry.

SAND, grey, wet, fine to medium grained, loose, trace of silt.

Becomes a clayey sand from 15.35 to 15.5 mbgl.
End of borehole at 15.50 mbgl.

0861_MW57D_10.4_180130

0861_MW57D_11.6_180130

0861_MW57D_12.8_180130

0861_MW57D_13.8_180131

0861_MW57D_14.2_180131

0861_MW57D_15.1_180131

0861_MW57D_15.4_180131

Sand filter

Screen

Environmental GW Well Log GW Well No. MW57D

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Top of Casing Elevation (mAHD): 16.48

Bore Diameter (mm): 200
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 2 of 2

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 15.50 mbgl

Site: RAAF Base Amberley

Easting: 473495.67
Northing: 6941931.38

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 31-Jan-18

Well Construction
Details

Water encountered

Standing water level

Level 7, 32 Cordelia St, 
South Brisbane QLD 4101



1.0

No visual contamination or
odours observed.

No visual contamination or
odours observed.

No visual contamination or
odours observed.

Silty CLAY, dark brown, high plasticity, moist, firm.

Silty CLAY, brown, high plasticity, moist, stiff.

CLAY, brown, high plasticity, moist, stiff, some fine grained sand
and silt.  Becomes more sandy with depth.

Clayey SAND, brown, moist, fine grained, dense.

End of borehole at 8.50 mbgl.

0861_MW57S_0.1_180131
0861_QC121_180131
0861_QC221_180131

5.66 mbgl @
22/03/18

Gatic

Grout

Bentonite seal

Sand filter

Screen

Environmental GW Well Log GW Well No. MW57S

Note: Log for environmental purposes only and not to be interpreted for geotechnical information
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Level 7, 32 Cordelia St, 
South Brisbane QLD 4101

Top of Casing Elevation (mAHD):

Bore Diameter (mm): 150
Well Diameter (mm): 50

Comments/
ObservationsG

ra
ph

ic
Lo

g
Material Description

Sample
Number

Page 1 of 1

Project Manager: JW
Drilling Contractor: Numac
Drill Rig: Comacchio MC900P
Drill Method: Sonic
Final Depth: 8.50 mbgl

Site: RAAF Base Amberley

Easting:
Northing:

Ground Surface Elevation (mAHD):

Coordinate System: MGA GDA94

Checked By: BH
Logged By: TM

Client: Department of Defence

Project No: 690738 Project Name: RAAF Base Amberley PFAS Investigation

Date: 31-Jan-18

Well Construction
Details

Water encountered

Standing water level
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