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Executive Summary 
Background 
The Royal Australian Air Force (RAAF) Base Amberley (the Base) is the largest operational air force 
base in the Defence Estate. It is located in Queensland, 7 kilometres (km) west of Ipswich and 50 km 
southwest of Brisbane.  

CH2M HILL Australia Pty Ltd (CH2M) has been engaged by the Department of Defence (Defence) as 
the Lead Consultant for the detailed site investigation (DSI) of per- and polyfluoroalkyl substances 
(PFAS) at the Base and surrounding areas (the Investigation Area [IA]).  

The DSI included the investigation of the Base and surrounding areas within the IA shown in Figure 
1. 

   
Figure 1 Investigation Area  
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Objectives 
Defence’s primary objective is to understand potential contamination risks both on the Base and to 
the surrounding areas, resulting from historical usage of aqueous film forming foam (AFFF) products, 
that contained PFAS as active ingredients, on the Base.   

The DSI is a significant component of the overall environmental investigation at RAAF Base Amberley 
and provides: 

• A detailed understanding of potential sources of PFAS contamination associated with the former 
use, storage and waste management of historical AFFF products containing PFAS as active 
ingredients, at the Base. 

• A detailed understanding of the pathways of contaminant migration from the Base to receptors 
(plants, animals and humans that may come in contact with PFAS) within the IA. 

• A detailed understanding of factors affecting the behaviour and transport of PFAS via these 
pathways.  

• Identification of potential human and ecological receptors on- or off-Base, that may be affected 
by the contamination. 

• An initial screening of contamination against published guidelines to assess the potential risks to 
human health and the environment. 

• Generation of data to support undertaking a Human Health Risk Assessment (HHRA) and 
Ecological Risk Assessment (ERA) and to prepare a PFAS Management Area Plan (PMAP) for the 
Base. 

• Development of a Conceptual Site Model (CSM) that describes PFAS sources, migration 
pathways, and human and ecological receptors which could be exposed to PFAS. 

 

Scope of Works 
To meet the objectives stated above, the following scope of works was undertaken: 

• Review of information provided by Defence and government agencies as well as publicly 
available information to identify relevant site characteristics, potential PFAS sources, potential 
receptors to contamination and potential pathways of contaminant transport. 

• Interviews with personnel on the Base to identify potential PFAS sources and to understand the 
historic activities involving AFFF usage and storage locations. 

• A Water Use Survey (WuS) was conducted to identify potential off-Base receptors (humans, 
animals and produce), who may be using or consuming groundwater and/or surface waters from 
the Bremer River, Warrill Creek or tributaries within the IA. 

• A site inspection of the Base and surrounding land within the IA. 

• Completion of a Preliminary Sampling Program of surface water and sediment1 to inform the 
preliminary CSM and development of the Sampling Analysis Quality Plan (SAQP). 

• Development of a preliminary CSM to identify potential source, pathway, receptor linkages for 
PFAS contamination at the Base and surrounding area.  

 

 

                                                            
1 Sediment is defined as the material that settles to the bottom of a creek, river bed or drainage channel, or is material that can be 
deposited by water runoff or wind.  
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• Identification of data gaps and preparation of the SAQP to close out the data gaps. Review of the 
SAQP by the Technical Advisor (TA), Defence and other stakeholders such as the Queensland 
(QLD) Government Technical Working Group. 

• Completion of the DSI, including the following tasks: 

– Preparation of a health safety and environmental management plan (HSEMP), covering 
property specific health and safety hazards. 

– Completion of works on- and off- Base including the drilling of soil bores, installation of 
monitoring wells, and sampling of soil, sediment, surface water and groundwater. 

– Laboratory testing for PFAS in the samples collected for the DSI, including quality assurance 
and quality control (QAQC) sampling. 

– Analysis of select samples for total oxidisable precursor assay (TOPA) to assess the presence 
of PFAS precursors that could potentially transform in the environment to PFAS 
intermediate and daughter end products. 

– Selected soil samples were tested using the Australian Standard Leaching Procedure (ASLP) 
to understand the potential for PFAS to be washed out of soil or wastes.  

– Aquifer tests, groundwater gauging, and installation of transducer and river gauges was 
done to collect data and assist in the understanding of groundwater/surface water 
interactions and movements on and off the Base. 

– Preliminary biota sampling (PBS) of edible fish species which was undertaken as additional 
scope and described in an Addendum to the SAQP. 

• Screening of the sampling results against nationally accepted assessment criteria to identify 
potential unacceptable risks that may need to be further evaluated.  

• Completion of the DSI report including the data collected and analysed as part of the DSI, 
refinement of the CSM based on the DSI data, assessment of identified risks and 
recommendations for additional investigations, the HHRA, ERA and PMAP. 

 

Geology and Hydrogeology 
There are three lithologies (types of soil and rock) in the IA including the Alluvium, the Tertiary 
Formation, and the Walloon Coal Measures. These are shown in Figure 2.  

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.  

In the Walloon Coal Measures, groundwater flow is from the Base to the east and south-east. An 
upward vertical gradient from the Walloon Coal Measures to the Alluvium and Tertiary Formation 
has been identified.  

The presence of geological faults to the east of the Base, near to where Warrill Creek joins the 
Bremer River, and to the east of Bremer River, may act as a hydraulic barrier to deeper groundwater 
flow. Due to the age of this fault zone, it is not expected to influence the surface water and 
groundwater connectivity, and groundwater flow in the Alluvium and Tertiary Aquifer. 

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.  
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Ecology 
Ecological receptors which have been identified by a desktop assessment within the IA include: 

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

• Koala habitat and koalas. 
• Mapped Groundwater Dependent Ecosystems (GDEs). These ecosystems require access to 

groundwater either permanently or on an intermittent basis to meet their water requirements.   
• Aquatic ecosystems including native aquatic fish species present in surface water such as creeks 

and rivers. 
• 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. 

Water Use in Investigation Area 
A WuS was completed of landowners or occupiers within the IA to understand potential uses of 
water sourced from the Bremer River, Warrill Creek and groundwater. A total of 59 water use 
surveys were completed.  

PFAS Contamination on-Base 
Sources of PFAS  

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 Base Sewage Treatment Plan (STP) is 
also a major CPSA and is a source of PFAS which is discharged in treated effluent to Frogs Hollow 
Gully, which discharges to Warrill Creek.  

 

 

 

 

 

The WuS confirmed that surface water and groundwater is currently being extracted at 20 
residential properties and used for irrigation and stockwatering, but not for domestic drinking 
water. Drinking water is from either mains water or from rainwater tanks.  Some residents 
grow and eat home grown produce and livestock that has been irrigated with extracted 
groundwater from private bores or extracted surface water from the Bremer River or Warrill 
Creek.   

              

 

The DSI identified 29 Confirmed Primary Source Areas (CPSAs) for PFAS on-Base which are 
shown in Figure 3. This includes 13 major, four moderate, five minor and seven insignificant 
CPSAs. Two secondary impact areas were also identified on the Base. 
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Moderate and minor CPSAs are associated with activities associated with major CPSAs, such as the 
storage of AFFF, wash down of AFFF equipment, irrigation of AFFF wastewater and waste disposal. 
Historic FTAs which were used infrequently are also included in this CPSA classification. Moderate 
and minor CPSAs have lower levels of PFAS contamination in comparison to the major CPSAs.  

Insignificant CPSAs are areas of the Base where low concentrations of detectable PFAS 
contamination and include areas on the Base where historical incidents are known to have occurred. 

Two secondary impact areas were also identified on the Base. The secondary impact areas 
comprised the triple interceptor pits at Engine Test Cell Facilities 1 and 2; and former sports ovals 
that were potentially irrigated with PFAS contaminated wastewater.  

Data show that PFAS in soils within the IA readily leaches to water. PFAS has been found in surface 
water and groundwater on the Base and confirms that the leaching of PFAS from soil and sediment 
to surface water and groundwater occurs. Leaching will continue to occur until the PFAS source has 
been depleted, removed or stabilised so that it will not leach, or is managed to prevent soil-water 
interaction. 

The leaching of PFAS and movement of PFAS in surface water and groundwater has resulted in the 
formation of secondary source areas on the Base and off the Base.  Secondary sources occur when 
PFAS from a CPSA is transferred to soil or sediment in another area. This can occur via flooding, 
irrigation or transport via a creek or river, for example.  

 

Transport Pathways for PFAS 

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 are potentially transported off the Base through dust; however, this pathway is considered 
negligible in comparison to soil and water.  

PFAS are also moved from one location to another on Base through the movement of soil material. 
The movement of soil material on the Base is managed under Defence guidelines for construction 
projects.  

Surface water and groundwater are the primary pathways for the transport and discharge of 
PFAS from the Base into the Bremer River and Warrill Creek.   

 



RAAF Base Amberley Conceptual Site Model showing topography and geology
PFAS Investigation and Management Program
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PFAS Contamination off-Base 
Sources of PFAS  

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 the IA. This movement has resulted in the wide-spread 
distribution of PFAS off-Base within the IA 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. 

 

Transport Pathways for PFAS 

PFAS are transported off-Base within the IA through transport pathways including: 

• Surface water in Warrill Creek and the Bremer River 

• Riverine flooding 

• Surface water-groundwater interactions 

• Extraction and use of surface water or groundwater 

• Windblown dust 

• Spray drift from irrigation (minor transport pathway) 

• Tracking of sediments from surface water courses to properties from hoofed animals (minor 
transport pathway) 

 

PFAS Levels in Surface Water and Sediment Downstream of Base 

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 and recreational 
guidelines east and south of the Base, and down-stream of the Base. 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.  

 

 
 

There is wide-spread distribution of PFAS off-Base within the Investigation Area in soil, 
sediment and surface water.   

 

The extraction and use of surface water and riverine flooding are considered to be the most 
important pathways for the transfer of PFAS in the Bremer River and Warrill Creek to off-Base 
land within the Investigation Area.  

 



[INSERT JETT ID] xi 

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. 
 

Surface Water and Sediment Up-Stream of Base 

There were no detections of PFAS above the laboratory detection limits in surface water in Purga 
Creek and Warrill Creek south of the Cunningham Highway, and the Bremer River south of the 5-
Mile Bridge on the Haigslea-Amberley Road. However, PFAS has been found in sediment south of the 
Base at these locations.   

The source of PFAS in sediment in Warrill Creek south of the Base is considered to come from an up-
stream source. PFAS in sediments in Purga Creek are considered to come from the extraction of 
surface water from Warrill Creek for use on land, and the subsequent runoff of water from this land 
into Purga Creek. 

 

Groundwater 

This shows that PFAS impact in groundwater off-Base is limited. PFAS were not detected in 
groundwater north and west of the Base. 

Where PFOS and 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.  

 

Soil  

Soil samples from the flood plain were below the recreational guidelines for PFHxS+PFOS and PFOA, 
and below direct ecological guideline value for PFOS.  

Higher concentrations of PFAS occur east and south of the Base at properties that currently irrigate, 
or have historically irrigated, using surface water from the Bremer River east of the Base, or from 
Warrill Creek along the southern boundary of the Base. On these properties, PFAS in some sample 
locations exceeds the human health guideline value for residential land with accessible gardens for 
PFHxS+PFOS, and the indirect ecological guideline for PFOS. 

PFAS impact in surface water and sediment is highest east and south of the Base, while very minor 
concentrations were detected west and north 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. There is a substantial reduction in PFAS concentrations 
in groundwater off-Base in comparison to surface water in Warrill Creek and the Bremer River. 

 

The DSI has confirmed the presence of PFAS in off-Base soil sample locations within flood plains 
west, north, east and south of the Base. 
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Surface Water Storages  

PFAS has been found in private surface water storages, such as farm dams and tanks south and east 
of the Base, which are used for irrigation and stock watering. Higher concentration of PFAS were 
found in surface water storages where surface water from the Bremer River or Warrill Creek has 
been extracted for use on the property. Drinking water guidelines were exceeded in some of the 
surface water storages sampled. 

 

Edible Fish 

Edible fish species (a small sample of 13 fish) were caught from seven sampling sites during the DSI. 
Specimens encountered and caught included: 

• Long finned Eel (Anguilla reinhardtii) 

• Prawn (Macrobrachium australiensis) 

• Tilapia (Oreochromis mossambicus) 

• Fork Tailed Catfish (Neoarius graeffei) 

• Mullet (Mugil cephalus) 

• Perch2 

PFAS concentrations found in the fish exceeded the Food Standards Australia New Zealand (FSANZ) 
trigger levels. Based on the edible fish data, the Queensland Government issued health advice as an 
interim precaution recommending people should “not consume fish caught in the Bremer River or 
Warrill Creek near RAAF Base Amberley, until further testing takes place”.  

 

Conceptual Site Model 
The CSM for the Base and the IA is shown in Figure 4. The CSM shows the linkages between the 
sources of PFAS on the Base with receptors on- and off-Base through transport pathways which 
move PFAS, and exposure pathways which consider how a receptor is, or could be, exposed to PFAS. 
These main exposure pathways are considered to be:  

• Ingestion (eating and drinking).  

• Direct contact which includes incidental ingestion (through activities like swimming and handling 
of soil), or skin contact with soil or water. 

• Inhalation of dust.  

Of these exposure pathways, ingestion (eating and/or drinking) is the most relevant to PFAS.  

  

                                                            
2 The species of perch could not be positively identified and may have been the Oxleyan pygmy perch (Nannoperca oxleyana), Juvenile 
Golden perch (Macquaria ambigua) or Juvenile Australian bass (Macquaria novemaculata). perch and  
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Where a linkage between the source-pathway-receptor exists, the exposure pathway is considered 
‘complete’. Complete exposure pathways where relevant guidelines are exceeded require further 
consideration through the completion of a HHRA and an ERA.  

If there are no published guidelines, as is the case for sediments for example, further data needs to 
be collected to determine if exposure pathways are complete. 

The DSI has confirmed complete exposure pathways for human receptors off-Base including the 
general public, residents, agricultural workers, and construction and maintenance workers.  

For the general public, residential receptors and agricultural workers, complete exposure pathways 
that have been identified include direct contact with soil, sediment, surface water and groundwater 
(where groundwater is extracted and PFAS are detected). 

The consumption of home grown produce has been identified as a potential exposure pathway for 
local residents.  

The consumption of aquatic organisms (edible fish) has been identified as a complete exposure 
pathway for residents and the general public. 

For Base workers, complete exposure pathways have been confirmed involving direct contact with 
water, soil or sediment during work activities. 

Complete exposure pathways also exist for terrestrial and ecological receptors on- and off-Base.  

Water use surveys have confirmed extracted surface water or groundwater is not consumed within 
the IA for drinking purposes, and therefore this pathway is incomplete. 

 

Conclusions and Recommendations 

The DSI identified 29 CPSAs on the Base, and two secondary impact areas. PFAS sources on the Base 
are the most significant contributor to PFAS contamination found off-Base in the IA. Wide-spread 
distribution of PFAS off-Base within the IA has occurred in soil, sediment and surface water through 
surface water migration, riverine flooding, and the extraction and use of surface water from the 
Bremer River and Warrill Creek.  

PFAS impact off-Base is highest east and south of the Base, and minor west and north of the Base.  
Complete exposure pathways have been identified for human and ecological receptors and require 
further assessment through the HHRA and ERA.  

Recommendations for the next stages of the project are summarised as follows: 

• A HHRA and an ERA will be undertaken to further assess risks identified in this DSI. Targeted 
sampling will be required to obtain data to support the HHRA and ERA, including further 
sampling of fish. 

 

 

The DSI provides sufficient information on the sources of PFAS contamination, the 
contaminant transport conditions, the migration (movement) pathways and the current levels 
of contamination to inform the requirements for human health and ecological risk 
assessments and guide future effective management strategies for the Base. 
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• The HHRA will consider risk to Base personnel, agricultural workers and off-Base landowners 
through direct contact with soil and water, the consumption of home grown produce such as 
beef, fruit, vegetables, and eggs, and the consumption of rainwater from rainwater tanks (for a 
limited number of properties) The assessment of rainwater tanks is to investigate the potential 
of contamination from dust and/or irrigated water spray drift. The HHRA will consider risk to the 
general public from PFAS in surface water courses and the consumption of aquatic biota. 

• An ERA will be undertaken to further assess risks identified in this DSI to aquatic, riparian (areas 
alongside rivers, wetlands, dams and creeks) and land-based ecological receptors.  

 

A PMAP will be developed as part of the RAAF Base Amberley PFAS investigation and will outline 
actions to manage risks confirmed in the DSI, HHRA and ERA, and the prioritisation of investigations 
and management actions to progressively reduce PFAS movement to the environment. The PMAP 
will include an Ongoing Monitoring Program (OMP) for PFAS on- and off-Base and an assessment of 
temporal (seasonal) variation.  

This DSI has been completed in accordance with the NEPM and the requirements of the PFAS NEMP. 
The current extent of PFAS contamination in terms of sources, pathways and receptors has been 
defined to determine the requirement for a HHRA and an ERA, and to inform the PMAP. Therefore, 
the objectives of the DSI have been met. The data obtained from the DSI will be used to inform the 
next stages of the broader investigation program that will further refine understanding of risk and 
the management actions that can be implemented to control unacceptable risks.   


