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Executive summary 

Background 
This report presents the findings of the Detailed Site Investigation (DSI) of per- and poly-fluoroalkyl 
substances (PFAS) at HMAS Cairns, Queensland (the site) and the surrounding area. The extent of the 
area investigated as part of this DSI is 3.45 km2, which includes HMAS Cairns as well as surrounding 
areas where potential exposure to PFAS originating from base may have occurred (refer Figure 1). 
HMAS Cairns is an active naval base operated by the Royal Australian Navy.  

The primary focus of this investigation is on the presence of PFAS arising from the historical use, 
storage and disposal of legacy aqueous film forming foam (AFFF) at HMAS Cairns and its potential 
impact on the site and surrounding area.  

The DSI undertaken forms the second stage of the staged approach to contaminated site investigations, 
as per the National Environment Protection (Assessment of Site Contamination) Measure 1999 
(Amendment 1, 2013) (NEPM 2013).  

Objectives 
The objectives of the DSI are to: 

 Undertake an intrusive investigation across the site and surrounding area, including soil, sediment, 
groundwater, surface water and biota sampling, to assess the nature and extent of potential PFAS in 
accordance with the relevant standards and guidelines 

 Assess the extent of PFAS in soil, sediment, surface water and groundwater at known or potential 
source areas at HMAS Cairns and the surrounding area, along potential pathways and at off site 
sensitive receptors, including limited biota sampling 

 Refine the preliminary Conceptual Site Model (CSM) as further information on source-pathway-
receptor pollutant linkages become available 

 Provide data for use in the human health and ecological risk assessment (HHERA) (if required) 

 Assess the adequacy and completeness of all information gathered 

 Provide sufficient input to allow the Department of Defence (Defence) and regulatory bodies to make 
informed decisions on suitable management measures for the protection of human health, including 
identification of the suitability for use of groundwater and surface water in the surrounding area 

Scope of works 
The scope of works for the DSI comprise:  

 Review of an extensive site history and previous site investigation reports, base interviews with 
Defence personnel and contractors and a review of the existing environment to inform the 
preliminary CSM 

 Completion of an intrusive investigation on the site and surrounding areas to assess the nature and 
extent of PFAS 

 Collection of field data and sampling and analysis of soil, sediment, surface water (over two 
monitoring rounds), groundwater (over two monitoring rounds at high/low tide) and limited biota from 
targeted locations on site and in the surrounding areas 

 Analysis of soil, sediment, surface water, groundwater and biota samples (including intra- and inter-
laboratory duplicates) and rinsates for PFAS 

 Comparison of contaminant levels with documented investigation levels (the assessment criteria) 
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 Discussion of results of sampling and analysis, including an assessment of the potential risks and 
impacts on human health and the environment 

 Screening (preliminary) risk assessment based on the identified nature and extent of PFAS 

 Refinement of the preliminary CSM to identify the relevant pollutant linkages 

 Identification of the remaining gaps and uncertainties, and the requirement for further assessment 

 Establishment of appropriate site management options, and consideration of remedial options 
suitable for breaking the identified relevant pollutant linkages (as part of the PFAS Management Area 
Plan) 

 Prepare a stand-alone document combining both factual and interpretative components of the PFAS 
investigation that contains data to inform the potential requirement for a HHERA and future actions, 
including management of risk and remedial options 

Findings 
The intrusive investigation has identified the presence of PFAS in all media, including soil, groundwater, 
surface water and sediment, across the base and within the investigation area, as well as limited biota 
sampling in Trinity Inlet.  

In soils across the base, PFAS was detected below the screening criteria for commercial/industrial land 
uses and in sediment, there was only low concentrations of PFAS detected, below the adopted 
screening criteria. Based on this, PFAS impacted soils and sediments are not considered to pose a risk 
to human health and/or the environment for the current site use. 

There was PFAS detected within the stormwater at HMAS Cairns and along Draper Street during wet 
weather sampling, although below the drinking water screening criteria. Samples from some stormwater 
outlets were above the drinking water screening criteria. Analytical results of surface water collected in 
Trinity Inlet were below both the recreational water and drinking water screening criteria. 

Groundwater is present in fill and natural soils at a relatively shallow depth at HMAS Cairns and flows 
generally east, towards Trinity Inlet. The groundwater assessment determined the following: 

 Groundwater within the Defence Fuel Installation (DFI) consistently contained the highest 
concentrations of PFAS above recreational water criteria and is likely sourced from both legacy 
AFFF and more recent 6:2 fluorotelomer-based firefighting foams 

 The groundwater within the DFI is considered a source of PFAS contamination, with horizontal 
migration through groundwater the major migration pathway 

 In both former firefighting training areas, elevated concentrations of PFAS were present in the 
groundwater above recreational water screening criteria, although this contamination is likely from a 
combination of legacy AFFF and more recent 6:2 fluorotelomer-based firefighting foams  

 At individual groundwater wells along the eastern boundary (eg MW15, MW24), there are 
fluctuations in groundwater levels as a result of tidal ingress, indicating that at select locations close 
to the shore, groundwater is very closely coupled and in connectivity with the estuarine water of 
Trinity Inlet 

 It is likely that off site sources located to the west of HMAS Cairns have contributed to the PFAS in 
groundwater, with PFAS likely migrating along the historical extent of Alligator Creek, through HMAS 
Cairns, to eventually discharge into Trinity Inlet. Given the high concentrations of PFAS in 
groundwater, it is unlikely that the base is the sole contributor and that a portion of the PFAS load in 
the groundwater is derived from these up-gradient sources. 

Following biota sampling undertaken within Trinity Inlet, some species were identified to potentially pose 
risk to human health through consumption. In addition, some fish and crustacean species may also 
pose a risk to the wider aquatic ecological system if Trinity Inlet in addition to consumption by higher 
order predators and bioaccumulation through the food chain.  
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Conceptual Site Model 
The revised CSM has been updated and detailed in Table 1. A cross-sectional CSM is provided in 
Figure 2 and illustrates the indicative geological layers, potential sources, migration pathways and 
sensitive receptors associated with the site. 
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Table 1 Revised source pathway receptor linkages 

Source Pathway Receptors (current and future) Revised qualitative 
risk 

Primary Secondary Migration pathway Exposure route 

On base 
Storage and use of legacy AFFF at 
HMAS Cairns: 
 Storage and use of AFFF at the 

Defence Fuel Installation and at 
potential areas formerly used 
for firefighting training 

 Handling of AFFF within the 
seabed area on wharves or 
Fleet Units 

 Potential incidental spills of 
AFFF (legacy and recent) 

 Potential storage and use at the 
component washdown and 
workshops 

Waste water within the current and 
former bilge tanks potentially 
containing PFAS 
Fill material potentially containing 
PFAS 
Off base 
Off site storage, use and spills of 
AFFF in Cairns Industrial Area up 
to 400 m to the north and west of 
site, flowing to site via groundwater 
and stormwater runoff 
Discharge of treated effluent from 
waste water treatment plants 
(>3.5 km upstream) into Trinity 
Inlet. 

PFAS impacted 
soil 

Leaching of PFAS from impacted soils 
into groundwater 

Incidental ingestion 
Root uptake by 
mangroves/ marine 
flora 

Aquatic biota of Trinity Inlet (eg 
mangroves, seagrass, fish and 
crustaceans) and higher order 
predators (eg crocodiles, birds etc) 

Low (low 
concentrations of 
PFAS in soil, limited 
sensitive ecosystems 
on base). 

PFAS impacted 
surface water  

Overland transport of particulate and 
dissolved PFAS into stormwater drains 
Stormwater captured and discharged 
through stormwater outlets 
Flood inundation/storm surges 

Incidental ingestion 
Dermal contact 

Current and future site users - 
construction/maintenance workers 

Low (limited 
opportunities for 
exposure route) 

Uptake of PFAS in surface water by 
biota 

Ingestion of biota 
(eg fish) 

Ingestion of impacted biota caught by 
commercial, recreational or 
Indigenous fishing in Trinity Inlet and 
Port of Cairns 

Moderate (moderate 
concentrations of 
PFAS in biota, 
although additional 
biota risk assessment 
required). 

Dermal contact  
Ingestion 
Bioaccumulation 

Aquatic biota of Trinity Inlet (eg 
mangroves, seagrass, fish and 
crustaceans) and higher order 
predators (eg crocodiles, birds etc) 

Moderate (moderate 
concentrations of 
PFAS in biota, 
although additional 
biota risk assessment 
required). 

PFAS impacted 
groundwater 

Vertical migration of particulate and 
dissolved PFAS to shallow groundwater 
aquifer 
Transport of PFAS via groundwater to 
surface water (Trinity Inlet) 

Incidental ingestion 
Dermal contact 

Current and future site users - 
construction/maintenance workers 

Low (limited 
opportunities for 
exposure route) 

Dermal contact  
Ingestion 
Bioaccumulation  
Root uptake by 
mangroves/ marine 
flora 

Aquatic biota of Trinity Inlet (eg 
mangroves, seagrass, fish and 
crustaceans) and higher order 
predators (eg crocodiles, birds etc) 

Moderate (moderate 
concentrations of 
PFAS in groundwater 
and sensitive 
ecosystems in Trinity 
Inlet). 
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Recommendations  
Based on the findings of the DSI, the following recommendations are made: 

 A human health and ecological risk assessment (HHERA) should be undertaken to identify 
and assess potential risk associated with uptake, ingestion and bioaccumulation of PFAS in 
biota within Trinity Inlet. To inform a HHERA, additional biota sampling is required to obtain a 
sufficient biota dataset 

 Further studies are recommended to understand mass flux of PFAS migrating both on and 
off HMAS Cairns via stormwater and groundwater to inform the development of the PFAS 
Management Area Plan 

 A PFAS Management Area Plan will be developed to provide practicable solutions to break 
the remaining source-pathway-receptor linkages and prevent/minimise the migration of 
PFAS beyond HMAS Cairns   

 An Ongoing Monitoring Plan will be developed as part of the PFAS Management Area Plan  
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RECEPTORS

R1 Current and future site users -  construction/maintenance workers

R2 Aquatic ecosystems of Trinity Inlet (eg mangroves, seagrass, biota)

R3 Ingestion of impacted biota caught by commercial, recreational or Indigenous 
fishing in Trinity Inlet and Port of Cairns

PATHWAYS

P1 Overland transport of particulate and dissolved PFAS into stormwater drains

P2 Stormwater captured and discharged through stormwater outlets

P3 Uptake of PFAS in surface water by biota

P4 Vertical migration of particulate and dissolved PFAS to shallow groundwater
             aquifer

P5 Transport of PFAS via groundwater to surface water (Trinity Inlet)

Location (shown in Figure 5.1 Potential areas of concern (HMAS Cairns) )

SOURCES

S1      Storage and use of legacy AFFF at HMAS Cairns

S2      Waste water within the current and former bilge tanks potentially containing
           PFAS

S3      Fill material potentially containing PFAS

S4      Off site storage, use and spills of AFFF in Cairns Industrial Area to the north
           and west of site, flowing to site via groundwater and stormwater runoff

S5      Discharge of treated effluent from waste water treatment plants (off site) into
          Trinity Inlet. 
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