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Introduction 

Department of Defence has engaged Coffey Environments Australia Pty Ltd (Coffey) to undertake a 
Detailed Site Investigation (DSI) of per- and polyfluoroalkyl substance (PFAS) at the Royal Australian 
Air Force (RAAF) Base Tindal (the Base).  

A DSI Report (based on data collected from April 2017 to October 2017) was finalised on 12 
February 2018 (report reference 754-MELEN199420-R05), and a Supplementary DSI Report was 
finalised on 10 September 2018 (report reference 754-MELEN199420-R11) The Supplementary DSI 
Report incorporates additional data collected between October 2017 and May 2018.  

This document is an executive summary of the assessment and findings that are detailed in the 
Supplementary Detailed Site Investigation Report. The DSI Report and Supplementary DSI Report 
should be read in conjunction with this document. 

The Investigation Area includes the Base and surrounding off-Base areas to the extent necessary 
(based on migration mechanisms) to characterise the nature and magnitude of PFAS contamination 
derived from RAAF Base Tindal activities. The Investigation Area is shown on Figure 1. 

Figure 1: Investigation area 

 

RAAF Base Tindal (the Base) is located approximately 13 km south-east of the township of Katherine 
in the Northern Territory (approximately 320 km south-east of Darwin).  The Base covers an area of 
approximately 122 square kilometres.  The formal Base facility forms a small portion of the overall 
land area, the remainder of which is composed of Eucalypt bushland and open forest. 
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PFAS Background 

PFAS are a group of manufactured chemicals that have been used since the 1950s in products that 
are resistant to heat, water and oil.  Due to their heat resistant properties, and ability to form aqueous 
film forming foams (AFFF), they have been used extensively in fire-fighting foam applications in 
Australia for decades.  A significant amount of research has been conducted into the health and 
ecological effects of these substances, and they are understood to be highly persistent within the 
environment, readily leachable from soils, and bio-accumulate up the food-chain.  The potential health 
and ecological effects of these substances are not well defined, however given their environmental 
persistence, Environmental Health Standing Committee (enHealth) have issued a precautionary 
warning to limit exposure to humans from these compounds.  

Defence has historically used PFAS containing AFFF on the greater Defence Estate between 1983 
and 2009.  Defence recognised that the former use of these chemicals may have impacted on the 
environment.  They are seeking to better understand the nature and extent of PFAS impacts via a 
comprehensive investigation of PFAS conditions to meet the aims of Defence’s National Plan for 
managing PFAS contamination.   

AFFF containing PFAS were routinely used for fire training activities, hangar and fuel farm fire 
suppression system operation and testing, incident response and response equipment testing.  The 
volume and extent of AFFF discharged at each of these source areas is likely to have varied 
considerably, and it is recognised that several of the identified on-Base source areas present a higher 
likelihood of PFAS impact (such as where AFFF was used frequently including fire training areas and 
hangars).  

The fully fluorinated compounds (per) are water soluble and mobile and will tend to migrate with 
water.  Different compounds in the PFAS group adsorb at different rates to organic carbon in soil and 
long chain compounds (six or more carbons) bio accumulate in animals.  Due to the mobility, PFAS 
compounds can be present in very large plumes associated with groundwater migration and surface 
waters.  Organic rich sediments may act as ongoing or seasonal sources of PFAS contamination to 
surface waters through leaching.  The fully fluorinated compounds (per) found in the AFFF fire 
extinguishing agent does not readily degrade in the environment and are known to be highly 
persistent, remaining for many years following release. 

Site Setting 

The Katherine and Tindal area has a sub-tropical climate with distinct Wet and Dry Seasons.  The Dry 
Season generally occurs between May and September and the Wet Season nominally begins in 
December after months of build-up conditions.  

Objective and Scope 

The environmental investigation of potential PFAS contamination is focussed on characterising 
sources of contamination as a result of the use, storage and waste management of historical AFFF 
products on the Defence Estate.  In accordance with the principles of the National Environment 
Protection (Assessment of Site Contamination) Measure, a conceptual site model has been 
developed to identify possible connections between potential contamination and humans, the human 
food chain and ecology.  Sampling of soils, waters and biota has been conducted to validate the 
model and quantify the exposure pathways between the sources and receptors.  These outcomes will 
then guide the development and implementation of appropriate risk management actions associated 
with identified PFAS risks. 

A DSI report was finalised in February 2018 relating to data collected to the end of September 2017, 
prior to collection of all seasonal data.  The DSI report was issued in order to inform stakeholders, 
including the public, of the information known at that time and to document the basis for proceeding 
with a Human Health Risk Assessment (HHRA) and Ecological Risk Assessment (ERA).  
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The purpose of the supplementary DSI report was to provide further information on seasonal 
fluctuations, the sources of contamination, the extent and magnitude of the contaminant plume(s), the 
contaminant transport conditions, the migration pathways and the current extent of contamination to 
enable refinement of the robust conceptual site model.  Additional data was also collected as part of 
the supplementary work that related to data gaps from the previous DSI. 

The additional monitoring of contaminant concentrations in surface water and groundwater since 
October 2017 has also informed the development and refinement of contaminant flux models.  These 
mass flux estimates provide sensitivity review of data used in risk assessments and may guide 
appropriate risk management approaches.  Further biota assessment informed the assessment of risk 
to human health and ecosystems as a result of bioaccumulation of PFAS compounds in the 
environment.  Biota testing results are reported separately in the Human Health Risk Assessment 
(HHRA) and Ecological Risk Assessment (ERA). 

The Supplementary DSI works program scope is summarised by environmental media in Table 1. 

Table 1: Supplementary DSI environmental sampling works summary 

Scope item Description 

Wet Season surface water and 
groundwater testing 

November 2017 to May 2018 

Groundwater monitoring events (including assessment of water levels, 
where available: 

 November 2017 (185 samples) 
 January 2018 (97 samples) 
 March 2018 (111 samples) 

Assessment of surface water contaminant concentrations on a monthly 
basis in Katherine River, Tindal Creek and on-Base drains between 
October 2017 and May 2018: 

 Katherine River (64 samples) 
 Tindal Creek (50 samples) 
 On-Base drains (46 samples) 
 Other (3 samples) 

Soil and sediment testing 

November 2017 to March 2018 

To characterise the nature and extent of contamination from known or 
suspected source areas, as well as off-Base areas, the following was 
undertaken:  

 64 soil samples collected from off-Base public open spaces in the 
Investigation Area that are irrigated by bore water 

 42 soil samples collected from school sports fields in the 
Investigation Area irrigated by bore water 

 52 soil samples collected from residential properties in the 
Investigation Area where home-grown produce is consumed 

 Soil samples collected as part of the ERA, including: 
o 12 soil samples from on-Base, non-source areas 
o 6 soil samples from on-Base source areas 
o 6 soil samples from off-Base 

 Collection of sediment samples in the vicinity of the on-Base Fire 
Station. 

o 14 sediment samples from open drains 
o 2 sediment samples from closed pits 
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Scope item Description 

Wet Season freshwater biota 
testing 

December 2017 

Collection and analysis of finfish and crustaceans from Katherine River (57 
samples). 

Assessment of exposure point 
concentrations (residential bores, 
produce, etc.) 

November 2017 to May 2018 

Collection and analysis of water supply and home-grown produce from 
private properties and institutions, including: 

 62 fruit and vegetable samples 
 36 egg samples 
 41 livestock serum samples 
 9 livestock trough samples 
 207 water samples (including private bores, tanks and river water) 
 69 soil samples 

Results and discussion of these samples is provided in more detail in the 
HHRA and ERA.  

Collection of on-Base specific 
data to inform contaminant flux 
modelling, and Human Health or 
Ecological Risk Assessments 
(i.e. aquifer tests, receptor 
behaviour surveys, off-Base 
surface water and sediment 
testing) 

October 2017 to May 2018 

Deployment of data loggers to monitor fluctuations in groundwater levels 
across seasons. 

Vertical profiling of contaminant concentrations in 24 target wells. 

Regular testing to inform 
assessment of seasonal 
fluctuations (groundwater, 
surface water, residential bores 
and biota) 

Monitor seasonal fluctuations and inform development and refinement of 
contaminant flux models.  These models will provide input to the sensitivity 
review of risk assessments and may guide appropriate risk management 
approaches.  Biota assessment to inform the assessment of risk to human 
health and ecosystems as a result of bioaccumulation of PFAS compounds 
in the environment. 

Data gaps identified in the completed DSI were addressed through the further works completed as 
part of the Supplementary DSI. 

Summary of Supplementary DSI Findings 

Data gaps identified during the completed DSI (Coffey 2018) are considered to have been closed and 
through the additional data collection and works conducted as part of this Supplementary DSI.  

The following on-Base areas were confirmed through soil, surface water, groundwater or sediment 
assessment as being primary PFAS source areas as a result of historic use of legacy AFFF: 

 Fire Station and the drainage area to the west. 

 Fire Training Area. 

The following on-Base areas were confirmed as being minor PFAS source areas: 

 Fuel Farm 1. 

 Mechanical Equipment Operations Maintenance Section. 

 Fuel Farm 2. 
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Figure 2: Locations of PFAS source areas on-Base 

 

Soil 

The supplementary assessment included investigation of off-Base soils in public areas where bore 
water was regularly used for irrigation.  The results indicated detectable concentrations of PFOS in 
surface soils and correlated well with measured or inferred irrigation water concentrations.  No results 
exceeded recreational screening criteria, and the HHRA did not identify an elevated exposure risk. 

Additional shallow soil and leachability testing was undertaken in the supplementary works in the area 
that receives drainage from the Fire Station.  The leachability of PFAS from on-Base soils was 
generally high in the area of the Fire Training Area and lower in the vicinity of the Fire Station.  This is 
likely a result of differing soil types between the two areas.  Some isolated results from the Fire 
Station area indicated high leachability, and most results from both areas indicated that residual soil 
impact is likely to be contributing to detectable concentrations of PFAS in surface water and 
groundwater.  

Groundwater  

Based on data collected since April 2017, groundwater impacts are considered to have been 
delineated.  Hydraulic gradients and observed relative concentrations indicate impacted groundwater 
migrating from the Fire Station and Fire Training Areas, in a northwest direction, beneath Uralla and 
Katherine, discharging into Katherine River.  The maximum concentrations of PFAS measured within 
groundwater were found at the Fire Station and the Fire Training Area.  

The PFAS plume does not extend off-Base to the north, east or south and has been delineated in 
these directions to the extent practicable.  The PFOS+PFHxS concentration distribution is shown 
graphically in Figure 3 below, with maximum results reported at specific locations from across the 
investigation.  Further details are provided in the Supplementary DSI Report. 
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Figure 3: Extent of PFAS impact in groundwater 

 

Migration is predominantly through the Tindall Limestone Aquifer, which is approximately 150 m deep 
in this area and has a modelled groundwater velocity in the order of 1 to 5 m/day.  Infiltration and 
migration in groundwater through weathered profiles would be expected to be slower.   

Temporal groundwater monitoring results indicated the following trends: 

 PFAS concentrations in close proximity to source areas typically increased as water levels 
rose due to increased leaching and increasing contact with impacted soils in the vadose zone.  

 Concentrations in wells up-gradient or cross-gradient of source areas initially decreased as 
water levels rose and then increased later in the Wet Season as contaminants mobilised from 
soils in the source area spread.   

 Concentrations in wells down-gradient of the source areas initially decreased at the start of 
Wet Season as uncontaminated infiltration diluted impact, before increasing mid to late Wet 
Season (depending on the distance from the source) as the mobilised contaminants from the 
source area migrated.  

 Concentrations in wells adjacent to surface drainage features (within 150 m) decreased over 
the Wet Season, likely due to increased infiltration of unimpacted surface water in these 
areas. 

 There was not significant seasonal variability observed in groundwater concentrations 
between the Base and Katherine River. 

Maximum concentrations were noted in different wells at different times of year, depending on the 
distance from source areas, and proximity to surface drainage features. 

The understanding of the plume extent based on data collected during Supplementary DSI works is 
largely consistent with the previously completed DSI. The only change in this understanding has been 
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the identification and delineation of PFAS impacts identified on the western side of Katherine River, 
which have been identified in the following three areas: 

 Bores within approximately 1 km of Katherine River in the Jinduckin Formation near Zimin Drive. 

 Bores close to the river, near Stuart Highway. 

 A deep bore, close to the river, near end of Emungalan Road. 

The PFAS impacts on the western side of Katherine River appear to have been delineated and are 
related to small areas where groundwater from the eastern side flows under the river before 
discharging through springs on the western bank, and a bend in the river where river water flows into 
Jinduckin aquifer.  

Surface Water 

Sampling and analysis of surface waters in drains and Tindal Creek within the Investigation Area has 
identified PFOS+PFHxS concentrations above the adopted screening values for protection of aquatic 
ecosystems and recreational contact.  Concentrations of PFOS+PFHxS in Katherine River 
downstream of Knott’s Crossing have also been identified above the drinking water guidance value in 
the Dry Season. 

Typical PFAS concentrations in surface waters in the Dry Season and Wet Season are shown in 
Figures 4 and 5.  Seasonal monitoring of PFAS concentrations in surface water between April 2017 
and May 2018 identified the following trends: 

 The concentrations of PFAS (predominantly PFOS and PFHxS) within Katherine River 
increase from the end of the Wet Season until mid-Dry Season, and then remained relatively 
stable until early Wet Season, when concentrations dropped to below detection limits. 
Katherine River is primarily fed by springs from the Tindall Limestone aquifer in the vicinity of 
Katherine during the Dry Season. PFAS concentrations in Katherine River decrease over the 
course of the Wet Season due to dilution from rainwater runoff.  

 Concentrations of PFAS in the on-Base drains that capture run-off from source areas is 
highest at the start and end of the Wet Season as residuals are initially mobilised by small 
flows, prior to significant Wet Season rains diluting base drainage.  At the end of Wet Season, 
concentrations in pools of water increase as surface waters evaporate and leave residuals.  
Some drains receive groundwater seepage at the end of the Wet Season, which may 
influence seasonal trends in concentrations. 

 Concentrations of PFAS in Tindal Creek gradually increase over the Wet Season, which is 
likely due to increasing discharge of contaminated groundwater to Tindal Creek as the 
groundwater levels rise through the season.  Concentrations then decrease again towards the 
end of the season, potentially as a result of increased relative flow contributions from 
uncontaminated catchments. 
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Figure 4: PFAS concentrations reported in surface water – Dry Season 

 

Figure 5: PFAS concentrations reported in surface water – Wet Season 
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Figure 6: Typical seasonal variation in PFAS concentrations in Katherine River (Low Level 
Crossing) 

 

Biota 

Biota sampling was conducted to support the Human Health Risk Assessment and Ecological Risk 
Assessment, including sampling of freshwater fin-fish and crustaceans, terrestrial vertebrates and 
invertebrates, and home-grown produce, including eggs, fruits and vegetables.  The results of the 
biota sampling carried out to date are discussed in the Human Health Risk Assessment and 
Ecological Risk Assessment (Coffey, 2018b and Coffey, in draft).  

Results of biota testing and coupled soil and or water assessment indicated measurable uptake of 
PFAS compounds from contaminated soils or waters by leafy portions of plants and accumulated 
concentrations in terrestrial invertebrates, reptiles and to a lesser extent amphibians, mammals and 
birds.   

PFOS was reported at elevated concentrations in fish flesh and aquatic invertebrates, and 
concentrations varied between fish types and between seasons.  Concentrations were highest in all 
species at the end of the Dry Season, when contaminant concentrations in Katherine River are at the 
highest. 

Testing of home-grown produce did not identify significant uptake into edible portions of fruits and 
vegetables regardless of contaminant levels in soils and water.  Detectable concentrations were 
reported in leafy greens and correlated well with contaminant levels in irrigation water.  The HHRA did 
not identify elevated risk as a result of consumption of leafy greens, due to the relatively small amount 
of leafy greens consumed daily.  PFOS was identified to accumulate at high concentrations in poultry 
eggs where access to contaminated soil, water or foods (vegetation or insects) was present.  There 
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was also a strong correlation between stock water concentrations and serum concentrations in 
home-grown livestock (goats, cows, sheep and pigs).  The HHRA identified elevated intake was likely 
for consumers of home-grown poultry eggs watered with contaminated bore water, and high 
consumers of home-grown meats watered with bore water from the most highly impacted areas. 

Refined Conceptual Site Model 

Based on the information gathered over the course of the DSI and supplementary assessment, the 
key sources, pathways and receptors for PFAS contamination are summarised in the following table. 
A detailed assessment of the potential exposures and risks to human health are described further in 
the Human Health Risk Assessment and impact to environmental receptors is described in the 
Ecological Risk Assessment. A refined CSM is presented in Figure 7. 

Figure 7: Conceptual groundwater model of the Katherine Region 
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Table 2: Summary of conceptual site model pollutant linkages 

Sources Pathways Receptors 

Primary source areas on-
Base: 

 Fire Training Area 
 Fire Station 

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

 Migration of PFAS in groundwater 
through the Tindall Limestone aquifer, 
flowing to the west-north-west, towards 
Katherine River 

 Transfer of PFAS between groundwater 
and surface water via sinkholes and 
seepage from shallow groundwater 
(during the Wet Season). 

 Discharge of PFAS in groundwater into 
Katherine River through springs 

 Migration of PFAS down-stream in 
Katherine River 

 Extraction of water from Katherine River 
(downstream of Knott’s Crossing) for 
potable (drinking water) and non-potable 
(irrigation and recreational) uses 

 Extraction of groundwater from the Tindall 
Limestone aquifer via groundwater bores 
for potable (drinking water) and non-
potable (irrigation and recreational) uses 

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

Human Health 1: 

 Consumers of heavily 
impacted bore water as a 
primary drinking water source 

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

 Consumers of aquatic biota 
from Tindal Creek or Katherine 
River (downstream of Knott’s 
Crossing) 

 Base construction or 
maintenance workers in direct 
contact with impacted soils 
and effluent in source areas 

Ecological 2: 

 Aquatic invertebrates, 
amphibians and fish in 
impacted waters in source 
areas 

 Plants in direct contact with 
soils in source areas 

 Birds and mammals that eat 
fish from Tindal Creek 

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

Additional minor source 
areas: 

 Fuel Farm 1 and Fuel 
Farm 2 

 Mechanical Equipment 
Operations 
Maintenance Section 

 

Secondary source areas: 

 Sediments in open 
Base drains and Tindal 
Creek 

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

 PFAS impacts in sediments or residual 
salts mobilised by surface water runoff in 
the Wet Season. PFAS migration through 
the on-Base drainage network into Tindal 
Creek and infiltration to groundwater 

 Migration of PFAS in surface water along 
Tindal Creek, ultimately discharging to 
Katherine River or infiltrating to 
groundwater 

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

Contaminant Mass and Migration 

To inform contaminant management options, the mass of contaminant, based on PFOS+PFHxS, was 
estimated in various media associated with the source area and mobilised in the environment.  Mass 
flux estimates were also generated for groundwater and surface water transport at key points in the 
system.   

Mass estimates are presented in Table 3 and have been separated to show residual mass at the 
source areas, and dispersed mass in the broader system.  Assumptions and calculations are 
presented in the Supplementary DSI Report.  

Table 3: PFOS+PFHxS Mass estimates 
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 Media and Location Mid-range Estimated Mass 
(kg PFOS+PFHxS) 

Close to source 
areas 

Infrastructure / concrete 60 

Soil in Fire Training area 460 

Soil in Fire Station 320 

Other soils 150 

Groundwater 450 

Total close to source 1,440 

Dispersed  Groundwater 3,570 

On-Base drains and Tindal Creek  0.18 

Katherine River 0.3 

Total Dispersed 3,570 

The estimates indicate that more than half of the inferred mass across the system is dispersed 
through the groundwater plumes and receiving surface water. 

Table 4: PFOS+PFHxS Mass flux estimates past various transects 

Media Transect Estimated Mass Flux 
Range 1 

(g/day PFOS+PFHxS) 

Estimated Annual 
Mass Flux 2 

(kg PFOS+PFHxS) 

Groundwater Down-gradient of Fire Training Area 27 – 84 15 

Down-gradient of Fire Station 12 – 18 5 

Western boundary 290 – 354 110 

Edge of Katherine River 87 – 90  33 

Surface Water Tindal Creek at Base boundary 0 – 180  5 

Katherine River at Galloping Jacks 34 – 424 40 

1 The range of results reflects different seasonal conditions and are the typical or likely scenario, where multiple scenarios were 

calculated 

2 Annual estimates provided to reflect that there is significant seasonal variability in flux past some boundaries 

Mass flux past some transects may be cumulative (i.e. down gradient of Fire Training Area and Fire 
Station), and others are capturing the same mass at different points in the migration pathway (i.e. 
western boundary, and edge of Katherine River).  

The mass estimates and mass flux estimates indicate reasonable relationships, with the total 
PFOS+PFHxS leaving the system downstream in Katherine River similar to the mass passing through 
groundwater adjacent to Katherine River.  The estimate of dispersed mass in the system (3,500 kg) is 
also similar to the mass that would be estimated based on 30 years since the start of source release 
at a flux of 100 kg/year leaving the Base.  All mass estimates and mass flux estimates are based on 
assumptions and simplifications and should be viewed as approximate values to provide order of 
magnitude estimates and indications of relative contributions across the system. 

This executive summary must be read in conjunction with the report proper and in the context of the 
limitations described in “Important information about your Coffey environmental report” attached. 


