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Executive summary 

Introduction 

The Australian Department of Defence (Defence) commissioned GHD Pty Ltd (GHD) to 

undertake a Detailed Site Investigation (DSI) of the impacts of per- and poly-fluoroalkyl 

substances (PFAS) on and around RAAF Base Pearce in Bullsbrook, Western Australia (the 

Site, Figure 1).  

The investigation undertaken by GHD included sampling and analysis not only from RAAF Base 

Pearce, but also from the surrounding areas. For the purposes of this Consolidated DSI report: 

  “the Site” is defined as comprising RAAF Base Pearce. 

 “the Investigation Area” is defined as comprising the Site, plus a number of surrounding 

(off-Site) waterways and privately owned and leased properties, including residential 

premises (refer to Figure 1).  

Objective of the DSI 

The overarching objective for the Consolidated DSI report is to characterise the nature, extent 

and magnitude of PFAS impacts on-Site and within the Investigation Area to the extent required 

to inform a quantitative site-specific Human Health and Ecological Risk Assessment (HHERA) 

of risks from PFAS to human health and the environment.    

Context of the DSI 

The DSI forms part of an overall investigation into PFAS impacts within the Investigation Area 

that has included the following: 

 A Preliminary Site Investigation (PSI), that was completed in September 2016; 

 A DSI (i.e. this report); 

 Hydrogeological modelling; and 

 A HHERA, that will be completed following submission and approval of the DSI.  

Defence has engaged a Department of Water and Environmental Regulation (DWER) 

accredited Contaminated Sites Auditor, Mr Jason Clay of Senversa, as the Technical Advisor 

(TA) for this project. The TA will review this DSI report, and all other reports associated with the 

investigation, to verify the findings.   

Sampling design 

The DSI included a detailed program of on- and off-Site soil, sediment, surface water, 

groundwater and biota sampling and analysis carried out in accordance with the sampling 

design and methodologies presented within the following TA approved documents: 

 GHD (2016d) RAAF Base Pearce PFAS Investigation Sampling Analysis and Quality 

Plan, September 2016. 

 GHD (2017b) RAAF Base Pearce PFAS Investigation Human Health and Ecological Risk 

Assessment Plan and Methodology, February 2017. 

 GHD (2017g) RAAF Base Pearce PFAS Investigation Phase II Sampling Analysis Quality 

Plan, November 2017  

The sampling design for the DSI aimed to characterise the presence of PFAS:  
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 At the contaminant sources (e.g. soil and groundwater testing within identified source 

areas);   

 Within potential contaminant transport pathways (e.g. surface water sampling in drainage 

lines and brooks, plus sampling of groundwater across the wider Investigation Area); and  

 At potential contaminant receptors (e.g. testing of private groundwater bores, biota such 

as fish in brooks, fruit and vegetables and eggs from poultry kept on private properties). 

These sources, pathways and receptors were identified in the Conceptual Site Model (CSM) 

that was developed at PSI stage and refined throughout the investigation. Table 1 presents the 

number of primary samples analysed for PFAS during the DSI.   

Table 1 Summary of DSI sampling 

Media No. of PFAS samples on-
Site1 

No. of PFAS samples off-
Site1 

Soil 406 57 

Sediment 31 50 

Surface water 42 51 

Groundwater 79 152 

Biota 36 60 

Note: 1. Total counts exclude samples collected from private properties where property owners did not consent to 

publication of results and quality control samples such as field duplicates, rinsates and blanks.  

Based on the results of the DSI, the following conclusions are made: 

Site characteristics 

 The site slopes gently in a general westerly direction towards Ellen Brook. The Site 

comprises three principal drainage catchments which direct surface water to open 

drainage channels that discharge to Ellen and Ki-it Monger Brooks. 

 There are numerous sensitive ecological receptors within the Investigation Area including 

several Bush Forever conservation reserves and conservation category wetlands such as 

Ellen Brook and the Twin Swamps Nature Reserve.  

 The geology of the Investigation Area is generally dominated by a succession of brown 

silty clays over a sandier basal unit. The geology is likely part of the lower Guilford Clay 

formation where the Guilford Clay is described as containing lenses of fine to coarse 

grained sand towards its base in the area of the Swan Valley (Davidson 1995). 

 The hydrogeology of the Investigation Area consists of a discontinuous, seasonal 

perched aquifer within the upper clay rich layer, underlain by the superficial regional 

aquifer that occurs within the sandier basal unit. The groundwater investigation 

component of the DSI focussed on the regional aquifer as this is the aquifer from which 

groundwater users are abstracting water.   

 Beneath the majority of the Site, groundwater is generally moving in a south-westerly 

direction towards Ellen Brook. Within the south-eastern portion of the Site, around Ki-it 

Monger Brook groundwater appears to flow in a more southerly direction. In the vicinity 

Source Area B (former fire training areas) and Potential Source Area S (police dog 

training site), groundwater appears to flow in a south-easterly direction towards Ki-it 

Monger Brook. Beneath the West Bullsbrook area, groundwater is generally flowing in an 

easterly direction, towards Ellen Brook. North of the Site, in the vicinity of Potential 

Source Area R (the RAAF Pearce landfill), groundwater flow is more westerly.  
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 The groundwater and surface water level data obtained during the investigation suggests 

that Ellen Brook is both receiving from and discharging to groundwater depending on 

factors such as location along the course of Ellen Brook, the intensity and the duration of 

recent rainfall events, the duration of dry periods and the time of year. The monitoring 

data also indicated that groundwater could flow beneath Ki-it Monger Brook during both 

post-winter and post-summer conditions and it is also possible that surface water 

discharge to groundwater occurs beneath Ki-it Monger Brook.   

Source Areas 

 There are six Source Areas (refer to Figure 1) where PFAS was detected in soil or 

groundwater at concentrations exceeding the adopted assessment levels. These are 

considered to be the most impacted areas and include: 

o Source Area A – Fire training area; 

o Source Area B – Former fire training areas 

o Source Area C – Hangar 93 and foam disposal pit 

o Source Area D – Grounds maintenance area 

o Potential Source Area J – Former fuel farm; and 

o Potential Source Area R – RAAF Pearce landfill. 

 The highest soil concentrations were recorded in Source Areas A, B and D. The extent of 

PFAS in soil within these areas was delineated and found to be relatively localised. The 

results of total organic carbon (TOC), cation exchange capacity (CEC) and pH soil 

analysis indicate that there is limited potential for PFAS mobility to be reduced through 

binding to organic matter. This supported by the leachability testing, which indicates that 

PFAS in soil may be mobile. Therefore, PFAS in soil could be acting as a secondary 

source of PFAS impact to groundwater.   

Surface water and sediment 

 PFOS, PFHxS and PFOA were detected in surface waters of the on-Site drainage 

channels and the receiving Ellen Brook and Ki-it Monger Brook at concentrations 

exceeding the adopted assessment levels.   

 PFAS concentrations in surface water decreased with distance downstream of the Site.  

Within Ellen Brook, PFOS plus PFHxS concentrations exceeded the health based 

assessment level up to approximately 900 m downstream of the Site. PFOS 

concentrations exceeded the ecology based assessment level up to approximately 3.2 

km downstream of the Site. 

 Sediment concentrations within the portions of the Brooks that are adjacent or within the 

Site boundary were low (i.e. a maximum PFOS plus PFHxS concentration of 0.0792 

mg/kg) and reduced further in the southern reaches of Ellen Brook. There are currently no 

Australian endorsed assessment levels for PFAS in sediment and therefore, the 

significance of the sediment concentrations will be assessed as part of the HHERA.   

 PFAS concentrations in surface water samples collected from the drainage channel that 

traverses the West Bullsbrook residential area and the creek that traverses Lot 200 in 

West Bullsbrook were relatively low (i.e. a maximum PFOS plus PFHxS concentration of 

0.035 µg/L compared to a maximum of 11.3 µg/L recorded in Ki-it Monger Brook). 

Migration of PFAS through surface water in this part of the Investigation Area is not 

considered to be an active pathway and is not likely to be related to the Site given the 

surface water flow direction (i.e. easterly towards Ellen Brook). 
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Groundwater on-Site 

 The highest groundwater concentrations were recorded in Source Areas A, B, C, D, J and 

R. Potential Source Areas F (fitter’s workshop), K (BroadSpectrum compound), N (fire 

event) and S (police dog training site) also had detectable concentrations of PFOS plus 

PFHxS in groundwater that were below the adopted health based assessment levels for 

the Site (FSANZ non-potable and recreational) though were above the FSANZ drinking 

water assessment level of 0.07 µg/L. 

 Where perched groundwater occurs, PFAS concentrations in the perched groundwater 

were higher than in the underlying regional superficial aquifer. This is evident in particular 

within Source Area A (fire training area). It should be noted that the groundwater 

investigation component of the DSI focussed on impacts to the regional superficial 

aquifer, as this is the aquifer from which groundwater users are abstracting water.   

 The majority of the down-gradient wells installed within the airfield and at the down-

gradient Site boundary did not detect PFAS above the laboratory limit of reporting (LOR). 

There were only three PFAS detections at down-gradient boundary wells, namely 

BW_MW22S, GM_MW39 and BW_MW18.   

 PFAS was not detected in groundwater within any of the wells that targeted the deeper 

portions of the regional aquifer including the deeper wells installed along the down-

gradient Site boundary adjacent to Ellen Brook. Similarly, PFAS was not detected above 

the LOR within the deeper wells installed in the West Bullsbook area. This indicates that it 

is unlikely that PFAS is migrating across the Site and beyond the Site boundary to West 

Bullsbrook within the deeper portion of the regional aquifer.   

Groundwater off-Site 

 PFAS was detected in groundwater collected from 16 off-Site private bores. 

Concentrations of PFOS plus PFHxS exceeded the drinking water assessment level in six 

of these with a maximum concentration of 0.56 µg/L recorded. Fourteen of the detections 

were located in the West Bullsbrook area, one was located to the south of the Site and 

the other to the south-east, on the eastern side of Ki-it Monger Brook up-stream of the 

Site. It must noted that at the request of some residents, specific data associated with 

some bores (recorded concentrations and bore location) has not been presented in this 

Consolidated DSI report. 

 The most likely mechanisms by which the PFAS has migrated to the private bores in the 

West Bullsbrook residential area are considered to be primarily the discharge of impacted 

surface water from Ellen Brook to the underlying groundwater, particularly following flood 

events or sustained rainfall and secondarily, groundwater migration from the Site. This 

conclusion is supported by a number of lines of evidence that include measured surface 

water and groundwater elevations, PFAS concentrations recorded in surface water of 

Ellen Brook and groundwater adjacent to the West Bullsbrook residential area and the 

physicochemical profile of the surface water of Ellen Brook compared to groundwater in 

bores which recorded PFAS above the LOR.  

 The PFAS concentrations recorded at the two off-site private bores to the south and east 

of the Site are considered likely to be the result of groundwater migration from the Site. 

The interpreted groundwater contours indicate potential for impacted groundwater to 

migrate off-Site, beneath Ki-it Monger Brook, towards these bores from Source Area B 

(former fire training areas), Potential Source Area J (former fuel farm) and Potential 

Source Area S (police dog training site). This is further supported by the physiochemical 

profile of groundwater (particularly the pH) around the south-eastern Site boundary and in 

the two private bores.   
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Biota 

 PFAS were detected within the aquatic biota samples (fish and crustaceans) collected 

from Ellen and Ki-it Monger Brooks. PFOS plus PFHxS concentrations exceeded the 

adopted health based assessment levels in the fish samples though not within crustacean 

samples. PFOS concentrations were below the adopted ecology based assessment level 

in both fish and crustacean samples. 

 PFAS including PFOS, PFHxS and PFOA were detected in the majority of the terrestrial 

biota samples (vegetation, invertebrate and animal scat samples) collected from Source 

Area A (fire training area) and Source Area B (former fire training areas). There are 

currently no Australian regulatory endorsed assessment levels for PFAS in terrestrial 

biota.   

 PFAS were not detected above the LOR in any of the produce samples collected from 

private properties (fruit, vegetable and egg samples), with the exception of two egg 

samples that contained PFOS plus PFHxS at concentrations below the adopted health 

based assessment level.   

Qualitative risk assessment 

Based on the conceptual site model (CSM) and qualitative risk assessment, the following 

pathways are considered to be complete and will require further assessment as part of the 

HHERA: 

 Human health exposure pathways: 

o Incidental ingestion of soil by base workers within Source Area A (fire training area) 

and Source Area D (grounds maintenance area). 

o Incidental ingestion of sediment and surface water by base workers within the on-Site 

drainage channels.  

o Incidental ingestion of sediment and surface water by recreational users of Ellen and 

Ki-it Monger Brooks.  

o Incidental ingestion of soil by users of the on-Site childcare centre.  

o Direct consumption of fish and crustaceans caught from Ellen and Ki-it Monger 

Brooks. 

o Incidental ingestion of groundwater by base workers (limited to workers conducting 

intrusive maintenance works who may encounter shallow perched groundwater). 

o Direct consumption of groundwater by off-Site groundwater users. 

o Infants consuming breast milk from mothers and potential placental transfer to 
foetuses from mothers who may have directly consumed impacted groundwater at off-
Site private properties.   

o Direct consumption of produce watered with groundwater containing PFAS.    

 Ecological exposure pathways: 

o Direct contact and uptake of soil by terrestrial biota within Source Area A (fire training 

area), Source Area B (former fire training areas), Potential Source Area I (crash site) 

and Potential Source Area S (police dog training site). 

o Ingestion or direct uptake of sediment and surface water by aquatic biota within Ellen 

and Ki-it Monger Brooks.  

o Ingestion or direct uptake of sediment and surface water by terrestrial biota adjacent 

to Ellen and Ki-it Monger Brooks that may occur following heavy rainfall events. 
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o Incidental ingestion of sediment and surface water by Police dogs using Ki-it Monger 

Brook for recreation.  

o Ingestion of soil or surface water by livestock within Lot 200.  

Potential management actions 

Management and remediation options will ultimately be informed by the findings of the HHERA, 

through consultation with Defence and affected stakeholders and the development of a PFAS 

Management Area Plan (PMAP). Nonetheless, the table below presents a high level summary 

of potential actions to manage areas that have been identified as presenting a potentially 

elevated risk of exposure to receptors or where residual uncertainty remains.   

It is recommended that periodic monitoring of PFAS in ground and surface water be 

incorporated into Defence’s existing Site monitoring program. This will provide Defence with a 

greater understanding of seasonal variability in PFAS concentrations and help to identify 

changes in risk profile triggering the need for further management or remediation. 

Potential management actions 

Issue Potential management action 

Off-site migration of PFAS 

PFAS has been recorded in private bores located to the 

west, south and east of the Site. The migration 

mechanism appears to be surface water discharge from 

Ellen Brook (with respect to the PFAS recorded in the 

private bores in West Bullsbrook) and groundwater 

migration (with respect to the PFAS recorded private 

bores to the south and east of the Site).  

The qualitative risk assessment has identified complete 

exposure pathways with respect to: 

- Direct consumption of groundwater by off-Site 

groundwater users. 

- Direct consumption of breastmilk by infants 

from mothers that have consumed 

groundwater containing PFAS. 

- Direct consumption of produce watered with 

groundwater containing PFAS.    

- The HHERA will assess the significance of risk 

posed to off-site groundwater users. In the 

interim, Defence will continue to supply 

alternative drinking water to properties within 

the Investigation Area.  

- Pending the outcomes of the HHERA and 

PMAP, Defence could undertake remediation 

of on-Site sources of groundwater impact with 

the aim of reducing off-Site impact to private 

bores.  

- Ongoing monitoring of private bores and off-

site monitoring wells could be incorporated 

into Defence’s existing Site groundwater 

monitoring program.  

Source Area A (former fire training area), Source 

Area B (former fire training areas) and Source Area 

D (grounds maintenance area) 

The highest soil concentrations were recorded in Source 

Areas A, B and D. The impacted soil represents a 

secondary source of groundwater and surface water 

contamination.  

The qualitative risk assessment (Section 12.5) has 

identified complete exposure pathways with respect to 

Site workers and ecology (particularly Source Area B) 

- The HHERA will assess the significance of risk 

posed to receptors. 

- Pending the outcomes of the HHERA and 

PMAP, Defence could undertake remediation 

in these areas with the aim to reduce receptor 

exposure to impacted soils and reduce 

ongoing groundwater impacts.   
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Issue Potential management action 

being exposed to impacted soils and groundwater within 

these areas.  

Source Area C (hangar 93 and foam disposal pit) 

and Potential Source Area J (former fuel farm) 

Groundwater within Source Area C and Potential Source 

Area J is impacted however soil concentrations were 

relatively low (a maximum of 0.2 mg/kg and 0.755 mg/kg 

respectively) and the qualitative risk assessment 

(Section 12.5) has not identified any complete pathways 

for exposure to contamination within these areas, other 

than intrusive maintenance workers potentially being 

exposed to impacted groundwater.  

- The HHERA will assess the significance of risk 

posed to intrusive maintenance workers and 

inform the requirement for management.  

- Ongoing monitoring of PFAS concentrations in 

groundwater in these areas could be 

incorporated into Defence’s existing Site 

groundwater monitoring program. This could 

include the installation of additional monitoring 

wells at and in the vicinity of Potential Source 

Area J (former fuel farm) to provide greater 

certainty with respect to the extent and flow 

direction of PFAS in groundwater impacts 

associated with this Source Area.   

Potential Source Area R (RAAF Pearce landfill) 

Significant groundwater impact has been identified 

within Source Area R. The qualitative risk assessment 

(Section 12.5) has not identified any complete pathways 

for exposure to contamination within this area.   

As discussed within Section 13, there is some 

uncertainty regarding the potential for surface water 

runoff from the landfill to result in impact to Ellen Brook, 

although it is noted that PFAS concentrations were 

relatively low at Ellen Brook surface water sampling 

locations RE_SW01 and RE_SW20, located upstream of 

the base and closest to the landfill (a maximum 

concentration of 0.019 µg/L).   

- The HHERA will assess the significance of risk 

posed to receptors in Ellen Brook and inform 

the requirement for further management 

and/or remediation.  

- Ongoing monitoring of PFAS concentrations in 

groundwater and surface water of these areas 

could be incorporated into Defence’s existing 

Site groundwater and surface water 

monitoring program. This could include the 

monitoring of groundwater wells additional to 

those sampled as part of the DSI to provide 

greater confidence regarding the extent of 

PFAS in groundwater and potential for 

impacts to down-gradient receptors.     

On-Site drainage channels / surface water 

Surface water flow to Ellen and Ki-it Monger Brooks via 

the on-Site drainage channels is a significant pathway 

for migration of PFAS from the Site.   

The qualitative risk assessment (Section 12.5) has 

identified complete exposure pathways with respect to: 

- Site workers being exposed to impacted 

surface waters in the drainage channels; and  

- Recreational Brook users and ecology being 

exposed to impacted surface waters within 

Ellen and Ki-it Monger Brook.  

Surface water discharge from Ellen Brook also appears 

to be causing migration of PFAS to groundwater in the 

West Bullsbrook area.  

- Pending the outcomes of the HHERA and 

PMAP, Defence could undertake remediation 

or management of the Site drainage channels 

with the aim to reduce exposure to receptors 

and ongoing impact to Ellen and Ki-it Monger 

Brooks and groundwater in West Bullsbrook. 

- Ongoing monitoring of PFAS concentrations in 

these surface waters could be incorporated 

into Defence’s existing Site surface water 

monitoring program.  
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