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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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Glossary of terms 

Term Definition 

Air core drilling A drilling technique that uses hardened steel or tungsten blades to bore a 
hole into the ground.  The drill rods are hollow and contain an inner tube 
inside the hollow outer barrel. The drill cuttings (soil) are removed by 
injection of compressed air into the hole via the space between the inner 
tube and the drill rod.   

Aquifer  A permeable geological stratum that is capable of both storing and 
transmitting groundwater. 
 
An unconfined aquifer (also known as the watertable aquifer) has the water 
table as its upper surface and tends to be closer to the ground surface. 
A confined aquifer is confined beneath an impermeable layer of stratum e.g. 
clay. Groundwater in a confined aquifer is under pressure and will rise up 
inside a borehole drilled into the aquifer. The level to which the water rises 
is called the potentiometric surface rather than the watertable. 
 
A superficial aquifer are shallow aquifers typically less than 15 m thick. 
They mostly consist of unconsolidated sand enclosed by layers of 
limestone, sandstone or clay and the water is commonly extracted for urban 
use.  

Biota The animal and plant life of a particular region, habitat, or geological period. 

Bore A cylindrical drill hole sunk into the ground from which water is pumped for 
use or monitoring.  

Borehole A hole produced in the ground by drilling for the investigation and 
assessment of soil and rock profiles. 

Bush Forever A WA policy providing an implementation framework that aims to ensure 
that bushland protection and management issues in the Perth Metropolitan 
Region are appropriately addressed and integrated with broader land use 
planning and decision-making. Bush Forever sites constitute 
Environmentally Sensitive Areas under Section 51B of the Environmental 
Protection Act 1986.   

Discharge  A release of water from a particular source.  

Dissolved Oxygen  Refers to microscopic bubbles of gaseous oxygen (O2) that are mixed in 
water and available to aquatic organisms for respiration—a critical process 
for almost all organisms. Primary sources of dissolved oxygen include the 
atmosphere and aquatic plants. 

Drainage Natural or artificial means for the interception and removal of surface or 
subsurface water. 

Electrical Conductivity  The degree to which a specified material conducts electricity, calculated as 
the ratio of the current density in the material to the electric field which 
causes the flow of current. 

Electrofishing  Electrofishing is a common scientific survey method used to sample fish 
populations to determine abundance, density, and species composition. 
When performed correctly, electrofishing results in no permanent harm to 
fish, which return to their natural state in as little as two minutes after being 
caught.  

Environment With reference to the Environmental Protection and Biodiversity 
Conservation Act 1999, the environment includes: 

a) ecosystems and their constituent parts, including people and 
communities, 

b) natural and physical resources, 
c) the qualities and characteristics of locations, places and areas, 
d) heritage values of places, and 
e) the social, economic and cultural aspects of a thing mentioned in 

points a), b), c) or d) above.  
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Term Definition 

Environmentally 
Sensitive Areas 

Declared by the Minister for Environment under section 51B of the 
Environmental Protection Act 1986.   

Ephemeral Existing for a short duration of time.  

Equipment blanks  Equipment blanks are samples collected to measure bias (quantitative 
measure of the closeness of reported data to the true value) which may be 
introduced by field equipment and water used during field work and drilling 
activities. Equipment blanks are collected by pouring laboratory supplied 
deionised water over field equipment before it is used into laboratory 
supplied bottles on-site. 

Field blanks A sample collected to estimate possible contamination of a sample during 
the collection procedure as a result of ambient influences or the sampling 
method. Field blanks are collected by pouring laboratory supplied deionised 
water into laboratory supplied bottles on-site.  

Fyke nets A fish trap consisting of a net suspended over a series of hoops, laid 
horizontally in the water 

Groundwater Water located within an aquifer; that is, held in the rocks and soil beneath 
the earth’s surface. 

Groundwater elevation  The depth to water as measured from a specified reference point. The 
reference point is often the top of the well casing which can be converted to 
an elevation above Australian Height Datum (m AHD). The m AHD is the 
mean sea level across the continent of Australia.  

Groundwater flow 
direction 

The direction towards which groundwater flows. This is assessed by plotting 
groundwater levels in m AHD. 

Groundwater 
monitoring well or 
groundwater bore 

Used to determine the nature and properties of soils through which liquids 
may seep, provide access to groundwater for measuring its level, physical 
and chemical properties and allow groundwater samples to be collected for 
laboratory analysis.  

Hand auger A hand operated tool used to drill shallow soil bores for soil sample 
collection.  

Hydrogeology The study of subsurface water in its geological context.  

Hydrology The study of rainfall and surface water runoff processes. 

Impact Influence or effect exerted by a project or other activity on the natural, built 
and community environment. 

Investigation Area  
For the purposes of this DSI report: 

 “the Site” is defined as 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).  The rationale for the establishment of the 

Investigation Area is described further in Section 2.1.  

Isomers Each of two or more compounds with the same formula though with a 
different arrangement of atoms in the molecule and different properties. 

Laboratory control 
spike 

Laboratory control spike analysis is the analysis of either a reference 
material or a control matrix fortified with analytes representative of the 
analyte class. The purpose of laboratory control spike samples is to monitor 
method precision and accuracy independent of the sample matrix. Typically, 
the percentage recovery of the laboratory control spike sample is compared 
to the dynamic recovery limits based on the statistical analysis of the 
processed laboratory control spike sample analysis. 

Lithology The general physical characteristics of a rock or the rocks in a particular 
area. 

Matrix spikes  Matrix spike sample analysis is the analysis of one or more replicate 
portions of samples from the batch, after fortifying the additional portion(s) 
with known quantities of the analyte(s) of interest. The percentage recovery 
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Term Definition 

of target analyte(s) from matrix spike samples is used to determine the bias 
of the method in the specific sample matrix. 

Method blanks Method or analysis blank sample analysis is the analysis of a sample that is 
as free as possible of the analytes of interest, but has been prepared the 
same as the samples under investigation. The analysis is to assess if 
laboratory reagents, glassware and other laboratory consumables 
contribute to the observed concentration of analytes in the process batch. 

Perched Water Unconfined groundwater held above the water table by a layer of 
impermeable rock or sediment. 

Point source  Single identifiable source of potential contamination 

Pollutant  Any matter that is not naturally present in the environment. 

Receptor  An entity such as a human, animal, plant or aquatic or terrestrial ecosystem 
that is vulnerable to the effects of contaminants transported by 
groundwater, air or  other media 

Reduction Oxidation 
Potential  

The energy change, measured in volts, required to add or remove electrons 
to or from an element or compound. 

Rinsate blank Rinsate blanks are samples collected to measure bias (quantitative 
measure of the closeness of reported data to the true value) which may be 
introduced by contaminated sampling equipment. Rinsate blanks are 
collected by pouring laboratory supplied deionised water over field 
equipment following sampling and decontamination into laboratory supplied 
bottles on-site.   

Runoff  The portion of water that drains away as surface flow.  

Scheme water Water that is provided to a property via pipe infrastructure by an asset 
manager i.e. the Water Corporation in WA.   

Sediment Matter that settles to the bottom of a liquid. 

Sonic drilling  Sonic drilling is a soil penetration technique that strongly reduces friction on 
the drill string and drill bit due to liquefaction, inertia effects and a temporary 
reduction of porosity of the soil. The drilling technique is effective for 
penetrating firm soil types such as clays.  

Source The point at which a hazardous chemical has been introduced to the 
environment through use of the chemical, leaks, spills or disposal practices  

Split samples Aliquots of sample taken from the same container and analysed 
independently. In cases where aliquots of samples are impossible to obtain, 
field duplicate samples should be taken for the matrix duplicate analysis. 
These are usually taken after mixing or compositing and are used to 
document intra- or inter-laboratory precision. 

Surface water  Water flowing or held in streams, rivers and other wetlands in the 
landscape. 

Surrogate spikes  Surrogate spike samples are samples with known additions of known 
amounts of compounds, which are similar to the analytes of interests in 
terms of extractability, recovery through clean-up procedures and response 
to chromatographic or other measurement. Surrogate compounds may be 
alkylated or halogenated analogues or structural isomers of analytes of 
interest. The purpose of surrogate spikes, which are added immediately 
before the sample extraction step, is to provide a check for every analysis 
that no gross processing errors have occurred, which could have led to 
significant analyte loss or faulty calculation. 

Tributary  A river or stream flowing into a larger river or lake.  

Water table The surface of saturation in an unconfined aquifer at which the pressure of 
the water is equal to that of the atmosphere.  

Waterway Any flowing stream of water, whether natural or artificially regulated (not 
necessarily permanent). 
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Glossary of acronyms 

Acronym Definition 

AFFF Aqueous Film Forming Foam 

AHD Australian Height Datum 

AMG Australian Map Grid 

ANZECC Australian and New Zealand Environment Conservation Council 

ASLP Australian Standard Leaching Procedure 

bgl Below Ground Level 

CEC Cation Exchange Capacity  

CoA Certificate of Analysis 

CoC Chain of Custody 

COPC Contaminant of Potential Concern  

CRC CARE Cooperative Research Centre for Contamination Assessment and Remediation of 
the Environment  

CSM Conceptual Site Model 

CSR Contaminated Sites Register 

DBCA Western Australia Department of Biodiversity, Conservation and Attractions 

DEE Department of Environment and Energy 

Defence Department of Defence 

DI Deionised 

DO Dissolved Oxygen 

DoH Western Australia Department of Health 

DPC Western Australia Department of Premier and Cabinet 

DPIRD Western Australia Department of Primary Industries and Regional Development 

DQIs Data Quality Indicators 

DQOs Data Quality Objectives  

DRF Declared Rare Flora 

DSI Detailed Site Investigation 

DWER Western Australia Department of Water and Environmental Regulation 

EC Electrical Conductivity 

ECCC Environment and Climate Change Canada 

ERA Ecological Risk Assessment 

ESA Environmentally Sensitive Area 

EtFOSA N-Ethyl Perfluorooctane Sulfonamide 

EtFOSE N-Ethyl Perfluorooctane Sulfonamidoethanol 

FFTG Federal Fish Tissue Guideline 

FOSA Perfluorooctanesulfonamide 

FSANZ Food Standards Australia New Zealand 

GDA94 Geocentric Datum of Australia 

HHERA Human Health and Ecological Risk Assessment 

HHRA Human Health Risk Assessment 

LCS Laboratory Control Spike 

LOR Limiting of Reporting 

MB Method Blank 

MeFOS N-Methyl Perfluorooctane Sulfonamidoethanol 

MeFOSA N-Methyl Perfluorooctane Sulfonamide  

MGA Map Grid Australia 

NATA National Association of Testing Authorities  
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Acronym Definition 

NEMP National Environmental Management Plan 

NEPC National Environment Protection Council 

NEPM National Environment Protection Measure 

NHMRC National Health and Medical Research Council 

NMI Australian Government National Measurement Institute 

OEH New South Wales Office of Environment and Heritage 

ORP Oxidation Reduction Potential 

PFAS Per- and Polyfluoroalkyl Substances 

PFBS Perfluorobutane Sulfonic Acid 

PFC Perfluorinated Chemicals 

PFDA Perfluorodecanoic Acid 

PFDoDA Perfluorododecanoic Acid 

PFHpA Perfluoroheptanoic Acid  

PFHxS Perfluorohexane Sulfonic Acid 

PFNA Perfluorononanoic Acid 

PFOA Perflurooctanoic Acid 

PFOS Perfluorooctane Sulfonate 

PFPeA Perfluoropentanoic Acid 

PFTeDA Perfluorotetradecanoic Acid 

PFTrDA Perfluorotridecanoic Acid 

PFTrDA Perfluorotridecanoic Acid 

PFUnDA Perfluoroundecanoic Acid 

PMAP PFAS Management Area Plan  

PRAMS Perth Regional Aquifer Modelling System 

PSI Preliminary Site Investigation 

PVC Polyvinyl Chloride 

QA/QC Quality Assurance / Quality Control 

RAAF Royal Australian Air Force 

RPD Relative Percentage Difference 

RSAF Republic of Singapore Air Force 

SAQP Sampling Analysis Quality Plan 

SOP Standard Operating Procedure 

SRN Sample Receipt Notification 

TA Technical Advisor 

TDS Total Dissolved Solids 

TEC Threatened Ecological Community 

TOC Total Organic Carbon 

USEPA United States Environmental Protection Authority  

VAR Voluntary Audit Report 

WWTP Wastewater Treatment Plant 

6:2 FtS 6:2 Fluorortelomer Sulfonic Acid 

8:2 FtS 8:2 Fluorotelomer Sulfonic Acid 

10:2 FtS 10:2 Fluorotelomer Sulfonic Acid 
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1.  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” was defined as RAAF Base Pearce. 

 “the Investigation Area” was 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). The rationale for the establishment of the Investigation Area 

is described further in Section 2.1.  

The Site is located on Commonwealth Land and is regulated under the Commonwealth 

environmental legislation. 

1.1 Background 

PFAS are a class of manufactured chemicals that have been used since the 1950s to make 

products that resist heat, stains, grease and water. Until recently, this group of chemicals was 

known as perfluorinated chemicals (PFCs). However, as the term PFCs is more commonly used 

to mean perfluorocarbons, which are greenhouse gases, Defence, and the industry in general, 

is now using the term PFAS. 

PFAS have been used in Australia and around the world in many common household products 

and specialty applications including: 

 Non-stick cookware, 

 Fabric, furniture and carpet stain protection applications, 

 Food packaging, and 

 Commercial and industrial applications such as mist suppressants, insecticide 

formulations, mining and oil well surfactant, aviation hydraulic fluids, floor polishes and 

cleaning products.  

PFAS are known to be present in legacy formulations of aqueous film forming foam (AFFF). 

AFFF is a fire-fighting foam that has been used extensively worldwide, and within Australia, 

from about the 1970s by both civilian and military authorities due to its effectiveness in 

extinguishing liquid fuel fires. Legacy formulations of AFFF contained a number of PFAS that 

are now known to be persistent in the environment and in humans.  

Most people living in developed nations have some PFAS in their body as a result of their 

widespread use. The effects of PFAS substances are largely unknown, but it is understood that 

they persist in the environment (water and soil) for an extended period without breaking down.  

There is currently no consistent evidence that exposure to PFAS causes adverse human health 

effects. As these chemicals persist in humans and the environment, enHealth recommends that 

human exposure to these chemicals is minimised as a precaution.  

The key PFAS of interest for this project included perfluorooctane sulfonate (PFOS); 

perfluorooctanoic acid (PFOA); and perfluorohexane sulfonate (PFHxS). These are the PFAS 
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for which regulatory endorsed assessment levels are available and they are the PFAS that were 

consistently detected at higher concentrations compared to other PFAS.   

From 2004, Defence commenced phasing out its use of legacy AFFF containing PFOS and 

PFOA as active ingredients. The AFFF now used by Defence is a more environmentally safe 

product. Further, Defence has also made changes to the way it uses AFFF to ensure that the 

risk of releasing AFFF into the environment is minimised.  

1.2 Objectives 

The overarching objective for the DSI 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.    

More specifically, the primary objectives of this DSI report are to: 

 Understand Site characteristics such as soil types, geology, drainage pathways and 

groundwater and how they influence the potential migration of PFAS on and from the 

Site. 

 Define the extent of PFAS within soil, sediment, surface water, groundwater and biota 

within the Investigation Area.  

 Provide data to support refinement of the Conceptual Site Model (CSM).  

 Provide data to inform PFAS fate and transport modelling including geological, 

hydrological and hydrogeological data and PFAS concentrations in soil, surface water 

and groundwater.   

 Provide data to inform the HHERA including PFAS concentrations in soil, sediment, 

surface water, groundwater and biota.  

1.3 Context of this DSI 

The DSI forms part of an overall investigation into PFAS impacts on the Site and within the 

Investigation Area that has included the following components: 

Preliminary Site Investigation 

The Preliminary Site Investigation (PSI, GHD 2016c) involved a desktop review of the Site 

history, Site activities and the environmental characteristics of the Investigation Area. The 

objective of the PSI was to establish the potential sources of PFAS impact, pathways for PFAS 

migration and potential receptors within the Investigation Area and develop a preliminary CSM 

showing the potentially complete source-pathway-receptor linkages.   

A program of off-Site groundwater sampling and analysis from bores on private properties 

surrounding the Site was also undertaken. These works were completed in September 2016.   

Detailed Site Investigation (this report) 

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

groundwater and biota sampling and analysis. The DSI was completed in two phases, referred 

to as Phase I and Phase II with the fieldwork for each completed in accordance with a Sampling 

Analysis Quality Plan (SAQP) (GHD 2016g and 2017f). 

The sampling design for the Phase I DSI aimed to characterise PFAS impacts at the sources 

(e.g. soil and groundwater testing within identified source areas), pathways (e.g. surface water 

sampling in drainage lines and Brooks) and receptors (e.g. testing of private groundwater bores 

and biota) identified in the preliminary CSM.   
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The Phase II DSI aimed to resolve data gaps that were identified at completion of the Phase I 

DSI with respect to the characterisation of the sources, pathways and receptors. These data 

gaps are described as a series of study questions within the Data Quality Objectives in Section 

5. A key component of the Phase II DSI was the assessment of a number of additional Potential 

Source Areas that were identified throughout the course of the DSI.  

This Consolidated DSI report presents the findings of both the Phase I and Phase II 

components.   

Hydrogeological Modelling  

Based upon the findings of the Consolidated DSI, hydrogeological modelling, consisting of both 

groundwater and surface water modelling, was completed. The objectives of the modelling were 

to: 

 Improve the understanding of the fate and transport of PFAS in groundwater (including 

interaction with surface water bodies) within the Investigation Area. This assists in 

understanding the complete exposure pathways that require further assessment in the 

HHERA.   

 Assist in resolving uncertainty regarding whether a potential PFAS plume might exist 

between the groundwater wells installed within the identified Source Areas on-Site and 

the site boundary, which could potentially extend to off-Site receptors. 

 Support Defence in its decision-making in relation to PFAS management. 

Human Health and Ecological Risk Assessment 

Based upon the findings of the DSI, a Human Health Risk Assessment (HHRA) and Ecological 

Risk Assessment (ERA) are to be completed (collectively referred to as the ‘HHERA’). The 

HHRA and ERA reports will include a detailed evaluation of human health and ecological 

exposure and toxicity assessment to evaluate whether there are long-term risks posed to the 

identified human and ecological receptors.   

Independent Technical Review 

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 that work completed was consistent with guidelines produced or 

endorsed by WA DWER.  

Stakeholder engagement  

GHD prepared a Stakeholder and Community Engagement Plan (GHD 2016b) for Defence to 

support the investigation. In order to keep the community and other stakeholders informed 

throughout the investigation, regular community information sessions were held. At the time of 

preparing this DSI report, five sessions had been held as follows:  

 Community Information Session 1, 23 June 2016; information on the general 

contamination investigation process and progress of the PSI investigation. 

 Community Information Session 2, 22 September 2016; information on the key outcomes 

of the PSI and progress of the DSI investigation. 

 Community Information Session 3, 5 December 2016; update on the progress of the DSI 

and the key findings at the time.  

 Community Information Session 4, 18 May 2017; information on key outcomes of the 

Phase I DSI and the fieldwork to be completed as part of the Phase II DSI. 



 

4 | GHD | Report for Department of Defence - RAAF Base Pearce PFAS Investigation, 61/33334  

 Community Information Session 5, 28 November 2017; information on the key outcomes 

of the DSI (Phase I and II) and next steps (i.e. HHRA, ERA and hydrogeological 

modelling). 

Further community information sessions are planned following completion of this DSI report and 

the HHRA and ERA reports.  

GHD’s approach to community and stakeholder engagement is in compliance with the ASC 

NEPM Schedule B8 Guideline on Community Engagement and Risk Communication (NEPC 

1999). A Final Stakeholder and Community Consultation Activities Report will be produced at 

the completion of the investigation. 

Regular project meetings and workshops were also held with Project Observers including 

relevant WA State Agencies; the Department of Premier and Cabinet (DPC), DWER, 

Department of Health (DoH), Department of Biodiversity Conservation and Attractions (DBCA) 

and Department of Primary Industries and Regional Development (DPIRD) as well as 

ChemCentre and the City of Swan.  Key reports prepared to date, including this DSI report, 

have been provided to these Project Observers for comment.     

1.4 Reports prepared to date 

The following GHD reports have been prepared through the investigation: 

 GHD (2016a) RAAF Base Pearce PFAS Investigation Off-site Bore Sampling Factual 

Report, July 2016. 

 GHD (2016b) Water Use Survey RAAF Base Pearce - Bullsbrook, WA, Report of 

Findings, August 2016. 

 GHD (2016c) RAAF Base Pearce PFAS Investigation Preliminary Site Investigation, 

September 2016. 

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

Plan, September 2016. 

 GHD (2016e) RAAF Base Pearce PFAS Investigation On-site Soil, Sediment and Surface 

Water Sampling Factual Report, October 2016. 

 GHD (2017a) RAAF Base Pearce PFAS Investigation Off-site Brooks - Surface Sediment, 

Surface Water and Biota Sampling Factual Report, January 2017. 

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

Assessment Plan and Methodology, February 2017. 

 GHD (2017c) RAAF Base Pearce PFAS Investigation Conceptual Site Model, February 

2017 

 GHD (2017d) RAAF Base Pearce PFAS Investigation Downstream Ellen Brook Sediment 

and Surface Water Sampling Report, June 2017 (Draft) 

 GHD (2017e) RAAF Base Pearce PFAS Investigation Detailed Site Investigation, June 

2017 (Draft). 

 GHD (2017f) RAAF Base Pearce PFAS Investigation Ecological Investigations, October 

2017 (Draft). 

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

Plan, November 2017  

 GHD (2018) RAAF Base Pearce PFAS Investigation Groundwater Modelling Report, July 

2018 
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Numerous environmental reports have prepared by others in relation to the Site dating back to 

1992. To inform this project, GHD reviewed the following reports that relate to historical fire 

fighting and training activities or the use and storage of AFFF: 

 HLA (2005), Stage 1 Environmental Investigation RAAF Base Pearce, Western Australia. 

 Coffey (2007) Remediation and Validation of AFFF spill – RAAF Base Pearce. 

 Earth Tech (2007), RAAF Base Pearce and 3TU Stage 2 Environmental Investigation. 

 Aurecon (2010) Environmental Review of Fire Fighting Training and Facilities. 

 ERM (2013), RAAF Base Pearce Bullsbrook, WA Stage 2 Environmental Investigation. 

 AECOM (2016), Regional Water Quality Monitoring Report. 

A summary of each report was provided in the PSI report (GHD 2016e). 

1.5 Investigation framework 

The relevant legislation and guidelines that outline the framework for the investigation include: 

 Australian and New Zealand Environment Conservation Council (ANZECC) Australian 

and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 2000). 

 Contaminated Sites Act 2003 and Contaminated Sites Regulations 2006. 

 Cooperative Research Centre for Contamination Assessment and Remediation of the 

Environment (2017) Technical Report No. 38, Assessment, management and remediation 

for PFOS and PFOA (CRC CARE 2017). 

 Department of Environment and Energy (2016) Draft Commonwealth Environmental 

Management Guidance on Perfluorooctane (PFOS) and Perfluorooctanoic Acid (PFOA). 

October 2016 (DEE 2016) (currently in draft format).  

 Department of Environment Regulation (2014) Assessment and management of 

contaminated sites guideline (DER 2014). 

 Department of Environment Regulation (2017) Interim Guideline on the Assessment and 

Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) (DER 2017). 

 Environment and Climate Change Canada (2017) Canadian Environmental Protection Act 

1999, Draft Federal Environmental Quality Guidelines Perfluorooctane Sulfonate (PFOS) 

(ECCC 2017) (currently in draft format). 

 Food Standards Australia New Zealand (2017) Australian Guidance Values for Assessing 

Exposure to Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) 

(FSANZ 2017).  

 Heads of Environmental Protection Authorities Australia and New Zealand (2018) PFAS 

National Environmental Management Plan (NEMP 2018)  

 National Environmental Protection Council (NEPC) National Environment Protection 

(Assessment of Site Contamination) Amendment Measure 2013 (No. 1) (NEPC 2013). 

1.6 Disclaimer 

This report: has been prepared by GHD for Department of Defence for the intended purpose in 

accordance with clause 2.2 of GHD’s terms of engagement and as set out in Section 1.2 of this 

report. 

The services undertaken by GHD in connection with preparing this report are detailed in the 

report and are in accordance with the scope of Services of GHD’s terms of engagement..  
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The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report.  GHD has no 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report may necessarily be based 

on reasonable assumptions made by GHD, and if so, these will be clearly identified in this 

report.  It is noted that to the extent the report relies on assumptions, these can give rise to 

discrepancies to the extent that they may or may not represent actual existing circumstances or 

eventuate to be correct assumptions.   

GHD has prepared this report on the basis of information provided by Department of Defence 

and others who provided information to GHD (including Government authorities), which GHD 

has verified or checked to the extent required by the agreed scope of work. GHD identifies the 

sources of information in this report.. 

The opinions, conclusions and any recommendations in this report are based on information 

obtained from, and testing undertaken at or in connection with, specific sample points. It is 

noted that site conditions at other parts of the site may be different from the site conditions 

found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site 

conditions, such as the location of buildings, services and vegetation. As a result, not all 

relevant site features and conditions may have been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may 

change after the date of this Report. GHD does not accept responsibility arising from, or in 

connection with, any change to the site conditions. GHD is also not responsible for updating this 

report if the site conditions change. 

1.7 Basis for assessment and assumptions 

This report has been prepared adopting the following basis for assessment and assumptions: 

 The current use of the Site and within the Investigation Area will remain as it was at the 

time of preparing this report.  . 

 The findings presented within this report are primarily based upon the field and analytical 

results obtained throughout the DSI by GHD such as soil, sediment, surface water, 

groundwater and biota analytical data from the locations sampled. Reasonable effort has 

been made to collect and verify information from third parties such as State Agencies and 

anecdotal information provided by Site personnel and community members.   

 The laboratory limits of reporting and assessment levels used in this investigation were 

appropriate at the time of the assessment. 

 The term PFAS refers to a large number of perfluorinated and polyfluorinated substances. 

The analytical suite adopted for this assessment has included 28 compounds (refer to 

Appendix A), including PFOS, PFHxS and PFOA, which were the focus of this report. 
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2. Site and investigation area 

2.1 Site identification 

For the purposes of this DSI report, “the Site” was defined as comprising RAAF Base Pearce 

(refer to Figure 1).  A detailed description of the Site is provided in GHD’s PSI Report (GHD 

2016e). Key Site identification elements are presented in Table 2.  

Table 2 Site details 

Attribute Details 

Street address: Great Northern Highway, Bullsbrook, WA, 6084 

Land description: RAAF Base Pearce 

Owner: Commonwealth of Australia 

Certificate of Title: Up to 26 individual Certificates of Title exist for the Site. It was 
considered that the inclusion of current Certificates of Title 
would not significantly benefit the report.   

Zoning: Public Purposes – Commonwealth Government 

Contaminated sites:  As documented in Department of Defence internal 
Contaminated Site Register (refer to GHD 2016e)  

Local government area: City of Swan 

Area: Approximately 963 ha 

Boundary corner coordinates 
(eastings and northings in 
GDA94, Zone 50) 

North-west corner: 406,047 mE, 6,498,106 mN 

North-east corner: 406,878 mE, 6,498,096 mN 

South-west corner: 406,525 mE, 6,493,433 mN 

South-east corner: 407,158 mE, 6,493,440 mN 

2.2 Site description 

RAAF Base Pearce is located approximately 35 km northeast of Perth and covers an area of 

963 ha. RAAF Base Pearce has been continuously in operation as an Air Force base since the 

1930s. As one of the busiest RAAF bases in the country in terms of total aircraft movements 

and the only permanent Air Force base on the west coast of Australia, RAAF Base Pearce has 

a significant logistics and training role and is a critical asset to the defence of Australia. 

The Site is situated west of the Great Northern Highway near the township of Bullsbrook. The 

majority of the buildings and associated infrastructure and support services are located in the 

eastern portion of the Site. These buildings also include a childcare facility and various 

accommodation blocks. Two main runways and one emergency runway are located within the 

central part of the Site. The control tower is located to the south-west of the main hangars and 

maintenance workshops. A wastewater treatment plant and irrigation area is located in the 

northern portion of the Site. 

The Republic of Singapore Air Force (RSAF) operates within an area located on the southern 

portion of the Site. This area consists of a separate accommodation block, aircraft hangars and 

maintenance workshops to support the RSAF operations. 

2.3 Surrounding land use  

As shown on Figure 1, land uses surrounding the Site include the following: 

 North: vacant Commonwealth land, the RAAF Base Pearce landfill and a golf course. 

 East: vacant Commonwealth land and Commonwealth land leased to the Water 

Corporation for use as a Waste Water Treatment Plant (WWTP), the Bullsbrook town 
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centre, residential, rural properties and commercial/industrial properties, a sporting oval 

and the Bullsbrook Fire Station. 

 South: rural residential including paddocks. Ellen Brook extends southward from the Site 

and Twin Swamps Nature Reserve is present approximately 2.7 km south of the Site. 

 West: residential properties (West Bullsbrook), rural residential including paddocks and  

Commonwealth Land currently leased as pastoral land (referred to as Lot 200).   

2.4 Investigation Area 

The DSI included sampling and analysis not only from the Site, but also from a number of 

surrounding (off-Site) waterways and privately owned and leased properties. The Site and these 

surrounding areas are collectively referred to as the “Investigation Area”. The Investigation Area 

boundaries are presented on Figure 1.  

The Investigation Area has been established with reference to the Golder Associates Technical 

Memorandum dated 10 March 2017 (reference 1652034-074-M-Rev0) entitled “Development of 

Investigation Areas for PFAS Detailed Site Investigation” (Golder 2017a). Consistent with this 

memorandum, when establishing the Investigation Area GHD has considered:  

 The CSM including the identified potential PFAS sources, migration pathways and 

receptors. 

 The extent of sampling completed during the DSI.  

 Background sampling locations, where PFAS contamination associated with the Site is 

not expected to be present, have been excluded from the Investigation Area.  

To protect the privacy of the Bullsbrook residents, deposited plan information relating to off-site 

private properties where sampling was completed has not been provided; however, the 

sampling locations are indicated on the relevant figures, unless the property owner or occupant 

requested otherwise.   
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3. Site history 

3.1 RAAF Base Pearce site history 

In 1934, the Commonwealth purchased a 260 ha portion of grazing land as a first step towards 

establishing RAAF Base Pearce. It is understood the Site was developed in 1936 and became 

operational in late 1937.  

A number of new facilities were established during the Second World War in response to 

Australia’s operations and the need for aircrew training after the war entered the Pacific region. 

The Site was used as a base for aircraft preparing for deployment and others engaged in the 

defence of south-west Australia (HLA 2005). The Site has continued to be active since the 

Second World War. However, since the end of the war, a number of temporary war buildings 

have either been replaced or upgraded.   

The Republic of Singapore Air Force (RSAF) set up a facility in the southern portion of the Site 

in 1994 for conducting flight training. The establishment of this operation is the most recent, 

large-scale development undertaken at the Site in recent years (HLA 2005). 

The main AFFF product used at the Site historically was 3M Light Water™ (Aurecon 2010) 

which contained PFOS and PFOA (DER 2017). In 2004, Defence transitioned to a new, product 

with a lower environmental risk ranking called Ansulite™. Ansulite™ is an AFFF which 

reportedly does not contain PFOS or PFOA as ‘active ingredients’; however, it does contain 

fluorotelomers such as 6:2 FTS to 10:2 FTS (DER 2017).  

3.2 PFAS source areas 

Based on the site history information obtained throughout the investigation, 19 areas (on or 

associated with activities conducted at the Site) that may have stored, used or disposed of 

PFAS and could have affected soil, sediment, surface water or groundwater quality within the 

Investigation Area were identified.   

The PSI included an evaluation of historical AFFF storage, use, disposal and reported incidents 

based upon a review of relevant historical reports prepared by others (refer to Section 1.4), the 

Defence Contaminated Sites Register (CSR), a site inspection and interviews with Base 

personnel. Based on this site history evaluation, four main sources of potential PFAS impact 

were identified. These Source Areas, referred to as Source Areas A to D, are summarised in 

Table 3 and are presented on Figure 1. A more detailed description of each of these Source 

Areas was provided in the PSI report (GHD 2016e).  

Table 3 Source areas – PSI  

Source area  Description 

Source Area A Fire training area – This area was established in the mid to late 1980s 
and used continuously for fire training with AFFF until 2003. The area is 
located in the centre of the airfield, east of the Fire Station.   

It is understood that a small, unsealed area immediately adjacent to the 
Fire Station was historically used as an area for foam discharge. 
Additionally, intensive testing of the “stickiness” of the foam was 
historically undertaken on the trees located to the north of the Fire 
Station (which have since been cut down).   

Source Area B Former fire training areas – This area consists of two former fire 
training areas located within bushland to the north and south of the 
aircraft washdown area. The southern area was used during the 1960s 
while the northern area was used during the 1980s. AFFF was used in 
both areas.  



 

10 | GHD | Report for Department of Defence - RAAF Base Pearce PFAS Investigation, 61/33334  

Source area  Description 

Source Area C Hangar 93 and foam disposal pit – Hanger 93 includes an AFFF 
deluge system which is fed by a 4000 L AFFF tank. The system was 
installed in 2000 and has been accidentally activated on a number of 
occasions due to system malfunctions or power surges.   

A foam disposal pit is also present which is used to test AFFF.  
Following testing, the contents of the pit are pumped into an 
aboveground storage tank and the pit is flushed. It is understood that the 
foam disposal pit was used infrequently and was prematurely 
decommissioned due to concerns about its integrity.   

Source Area D Grounds maintenance area – Located in the central-eastern portion of 
the site and used for storage of grounds maintenance plant and 
equipment. ERM (2013) suggested that uncontrolled releases of 
chemicals had occurred in the area and PFOS was detected in the 
shallow soil profile.    

During development of the Phase II DSI SAQP (GHD 2017f), GHD carried out a supplementary 

site history review, supplementary site inspection and supplementary interviews with additional 

Base personnel including Fire and Rescue personnel. Based upon these supplementary works, 

15 additional Potential Source Areas were identified, referred to as Potential Source Areas E to 

S. These are summarised in Table 4 and presented on Figure 1 and in more detail on Figure 16 

through to Figure 32.   

Table 4 Additional potential source areas  

Potential Source 
Area  

Description 

Potential Source 
Area E 

Main runway strip – It is understood that in the event of an emergency 
landing, AFFF was historically applied to the surface of the main runway 
strip creating ‘foam paths’. Formal clean-up of the AFFF was not 
undertaken, resulting in it being pushed from the runways to the 
adjacent unsealed ground.   

Potential Source 
Area F 

Fitter’s workshop (Building 86) – It is understood that fire trucks were 
historically serviced within this workshop and that this process would 
have involved AFFF handling and possible spills.   

Potential Source 
Area G 

Former fire training area – It is understood that as a fire training 
exercise, foam mattresses were set alight in this area and extinguished 
using AFFF. The mattresses were then buried approximately 2.5 to 4.5 
m below ground level (bgl).   

Potential Source 
Area H 

Crash site A – It is understood that a plane crashed at this site within 
the northern portion of the airfield and that AFFF was subsequently 
applied. The exact date of the plane crash is not known and the exact 
location of the crash could not be confirmed, only the general area.    

Potential Source 
Area I 

Crash site B – It is understood that in 1988 a plane crashed into Ki-it 
Monger Brook and AFFF was subsequently applied. The exact location 
of the crash could not be confirmed, only the general area.   

Potential Source 
Area J 

Former fuel farm – Information provided by Defence on 12 July 2017 
indicated that four cabinets located at the former fuel farm had been 
found to contain drums of 3M LightwaterTM. It is understood the drums 
may have been placed in the cabinets since completion of the PSI.  
Furthermore, it is understood that a deluge foam protection system, 
associated with two aviation fuel tanks, existed in the northern portion of 
the fuel farm. It is not known what quantity of foam was contained within 
the deluge system, nor is it known if the foam was ever discharged. 

Potential Source 
Area K 

BroadSpectrum compound – It is understood that a 1000 L container 
of AFFF was once stored on unsealed ground within the BroadSpectrum 
compound, located to the east of the RSAF facility.   
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Potential Source 
Area  

Description 

Potential Source 
Area L 

3TU telecommunications area – It is understood that this site features 
a landfill and may have been used for fire extinguisher training. A 
transformer once caught fire and was extinguished.   

This Potential Source Area is located approximately five km west of the 
Base. Given the distance and the potential for other sources of PFAS to 
be present between the Site and this Potential Source Area, GHD in 
consultation with the TA and Defence decided investigation of this area 
was not warranted as part of the RAAF Base Pearce PFAS 
investigation.  

Potential Source 
Area M 

Crash site C (Twin Swamps) – It is understood that in 1988 a plane 
crashed within Twin Swamps Reserve and AFFF was subsequently 
applied. A BroadSpectrum fire fighter accompanied GHD to the Reserve 
to attempt to locate the exact plane crash site however, owing to the 
time that has passed since the crash, the crash site could not be 
located.     

Potential Source 
Area N 

Fire event (loader) – It is understood that a loader caught fire on Great 
Northern Highway immediately adjacent to the eastern Site boundary 
and AFFF was subsequently applied.  The AFFF was allowed to run-off 
into the drainage channels on either side of the road.   

Potential Source 
Area O 

Lot 1990 Neaves Road – It is understood that fire training involving the 
use of AFFF historically occurred at this property.   

Potential Source 
Area P 

Fire event (semi-low loader) – It is understood that a semi-low loader 
caught fire at the corner of the Brand Highway and Great Northern 
Highway and that AFFF was subsequently applied. 

This Potential Source Area is located approximately nine km north of the 
Base and there is potential for other sources of PFAS to be present 
between this area and the Base which may influence groundwater 
quality. Additionally, published regional groundwater contours indicate 
that groundwater flow beneath the area is westerly (i.e. not towards the 
Investigation Area). Potential Source Area P was therefore considered 
to be of little relevance to the RAAF Pearce PFAS investigation and, in 
consultation with the TA and Defence, GHD decided investigation of this 
area was not warranted.   

Potential Source 
Area Q 

Wastewater treatment plant – In consultation with Defence and the TA, 
the WWTP was established as a Potential Source Area. Studies have 
shown that concentrations of PFOS and PFOA have increased in 
WWTP effluent as a result of the wastewater treatment process (CRC 
CARE 2017).   

It is understood that historically, treated water was discharged to Ellen 
Brook via open drains at the northern end of the airfield. In 2002, the 
system was modified to allow for disposal of treated effluent by irrigation 
to the grassed open space to the east of the WWTP (i.e. the area 
referred to as Potential Source Area G) however this was unsuccessful 
due to failings in the design. Based on information provided by Site 
personnel, GHD understands that the WWTP is currently operational.  
The water in the ponds comprises stormwater and sewage which 
evaporates.  No water is discharged to Ellen Brook (or anywhere else) 
and the ponds receive water in a cycle (i.e. only one pond receives 
water at a time) to avoid overflowing.  

Potential Source 
Area R 

RAAF Pearce landfill – The landfill is located approximately 500 m 
north of the Site boundary. An investigation of the landfill carried out in 
2005 (GHD 2005) found a range of waste types including construction 
and demolition waste, metal, automotive, industrial and domestic waste 
to a maximum depth of 3.3 m bgl. Based on information provided by 
Base personnel, GHD understands that empty or old drums of AFFF 
may have historically been disposed of into this landfill.  
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Potential Source 
Area  

Description 

Potential Source 
Area S 

Police dog training site – It is understood that waste material, including 
construction and demolition waste (e.g. concrete and road base), was 
historically placed within this area to a maximum depth of approximately 
1.3 m bgl (GHD 2005b). Given that construction materials may have 
been treated with AFFF prior to demolition or removal, this type of waste 
material can be a source of PFAS impact.   

3.3 Other information 

Other relevant site history information obtained throughout the investigation included: 

 No foam cabinets were historically located in the vicinity of the airfield, with the exception 

of those identified around the former fuel farm (Potential Source Area J described in 

Table 4). However, plastic drums containing foam stored on small trolleys were observed 

by GHD around the runways. Information provided by BroadSpectrum indicates that 

these drums contain AnsuliteTM foam and are only used if required during aircraft engine 

start-ups and engine testing. 

 The West Australian Department of Fire & Emergency Services provided Defence with 

the following information regarding the historical use of AFFF at the Bullsbrook Fire 

Station to the northeast of the Site: 

– Over ten years ago, annual joint drills with RAAF Base Pearce fire personnel were 

conducted at RAAF Base Pearce.  

– No AFFF foam has been stored at Bullsbrook Fire Station. The station is 

predominantly used for non-structural response (i.e. accidents such as motor vehicle 

accidents, chemical spills and bushfires) so this training was not routine. 

– Bullsbrook Fire Station personnel were not aware of any incidents involving the use of 

AFFF.   

 It is understood that the dogs housed at the Police dog training facility on the Site (i.e. 

Potential Source Area S) frequently swim in Ki-it Monger Brook and the nearby drainage 

channels for recreation. 

 Residents near the Site sometimes catch and consume crustaceans from the Brooks 

around the Site, particularly from the portion of Ellen Brook directly south of the Site and 

the tributary that crosses Lot 200 and connects with Ellen Brook.   

 The tenants of Lot 200 advised GHD that approximately ten years ago, the water in the 

open drainage channel (which traverses Lot 200 in an approximate east-west alignment 

and discharges into Ellen Brook was an unusual blue colour and was ice cold (even in 

summer).  

 The Water Corporation currently operate a wastewater treatment plant (WWTP) adjacent 

to the northern portion of the Site, on the eastern side of Great Northern Highway.   

It is important to note that GHD has not relied solely upon anecdotal information provided by 

others for the purposes of the DSI. Rather, GHD has used anecdotal information to guide the 

sampling design of the DSI, where relevant. The field and analytical data obtained throughout 

the DSI has ultimately been relied upon to meet the objectives of the DSI.   
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4. Environmental setting 

4.1 Climate 

The area has a Mediterranean climate with hot dry summers and cool, wet winters. There is a  

meteorological monitoring station on the Site (Bureau of Meteorology station number 009053) 

and climatic data recorded at this station are summarised in Table 5. 

The highest volume of rainfall typically occurs during the month of July with a mean monthly 

rainfall amount of 134.2 mm. Rainfall data recorded during the fieldwork of the DSI is provided 

in Appendix B.  

Table 5 Climate statistics for Pearce RAAF Airbase (BoM 2016) 

Station Mean annual minimum 
temperature range (˚C) 

Mean annual maximum 
temperature range (˚C) 

Mean annual 
rainfall (mm) 

RAAF Pearce 
(009053) 

8.2 (August) – 17.6 
(February) 

17.9 (July) – 33.5 
(January) 

653.1  

4.2 Topography and site drainage 

With reference to Figure 2, the Site slopes gently in a general westerly direction towards Ellen 

Brook with elevation ranging from approximately 30 m relative to Australian Height Datum (m 

AHD) at the western boundary, adjacent to Ellen Brook, to 55 m AHD at the eastern Site 

boundary, adjacent to Great Northern Highway.   

Ellen Brook flows in a general southerly direction along the western boundary of the Site. Ki-it 

Monger Brook also flows south along the southern portion of the eastern Site boundary before 

merging with Ellen Brook approximately 200 m beyond the southern Site boundary (refer to 

Figure 1 and Figure 3) 

With reference to Figure 3, the Site comprises three principal drainage catchments:  

 Catchment 1: Rainfall within the northern portion of the Site flows in a north-westerly 

direction towards an open drain which discharges into Ellen Brook. This catchment 

comprises the bulk of the site administration, aircraft maintenance and accommodation, 

and part of the runway and open area. 

 Catchment 2: Rainfall within the eastern portion of the Site is directed towards open 

drains which extend in a general south-easterly direction and discharge into Ki-it Monger 

Brook. This catchment area includes the remainder of the site administration facilities, 

maintenance and accommodation facilities, the fuel farm, RSAF operations and bushland 

areas.  

 Catchment 3: Rainfall within the western portion of the Site, comprising the majority of 

the runways and airfield, fire station and other miscellaneous facilities, is directed to open 

drains that mostly extend in south-westerly direction and discharge into Ellen Brook. One 

drain extends in a south south-easterly direction and discharges into Ki-it Monger Brook. 

The topographic contours presented on Figure 2 are not indicative of any low lying areas on the 

Site where surface water may pool and subsequently infiltrate to groundwater. However, 

throughout both phases of the DSI fieldwork program, GHD observed pooled surface water in a 

number of areas across the Site, particularly within the bushland along the western Site 

boundary near Ellen Brook and within bushland in the southern portion of Source Area B 

(former fire training areas, refer to Figure 2). The observed surface water accumulation is likely 

the result of the high clay content of the near-surface soils across the Site (refer to Section 4.3), 

which restrict infiltration of rainfall.  
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Similarly, GHD also observed surface water inundation of the eastern portion of Lot 200, 

immediately west of Ellen Brook. Consistent with information provided verbally by a West 

Bullsbrook resident during the 5 December 2016 community information session, it is believed 

that this inundation is the result of overflow from Ellen Brook during or following heavy rainfall 

events.   

There is a WWTP in the northern portion of the site (referred to as Potential Source Area Q 

shown on Figure 1) which features two aerobic ponds and two anaerobic ponds. GHD 

understands that historically, treated water was discharged to Ellen Brook via open drains 

extending across the northern end of the airfield (refer to Figure 3). In 2002, the system was 

modified to allow for disposal of treated effluent by irrigation to the grassed open space to the 

east of the WWTP (i.e. Potential Source Area G, former fire training area, shown on Figure 1) 

however this was unsuccessful due to failings in the design. Based on information provided by 

Site personnel, GHD understands that the WWTP is currently operational and that the water in 

the ponds comprises stormwater and sewage which evaporates. No water is discharged to Ellen 

Brook (or anywhere else) and the ponds receive water in a cycle (i.e. only one pond receives 

water at a time) to avoid overflowing. 

4.3 Geology 

With reference to Figure 4, the Site is underlain by Guildford Formation sediments comprising 

predominantly brown, silty and slightly sandy clays or clayey sands with subordinate sands and 

gravels (Geological Survey of Western Australia 1978).   

Previous environmental investigations have generally encountered alternate layers of firm sandy 

clay/clayey sand overlying stiffer sandy clay with some areas containing gravelly clay. In some 

instances, thin lenses of quartz/calcarenite and bands of iron cemented silts (colloquially 

referred to as “coffee rock”) were encountered above the sand clay/clayey sand layers. Previous 

investigations have drilled to a maximum depth of approximately 12 m bgl. 

In general, the drilling conducted during this DSI confirmed the geology presented in previous 

reports. A discussion of the site geology encountered during the DSI is provided in Section 8.1.  

4.4 Hydrogeology 

The Site is underlain by a superficial aquifer, a major generally unconfined aquifer extending 

throughout the Swan Coastal Plain. The Site is located on the eastern most part of the 

Gnangara Mound (north), a regional subdivision of the superficial aquifer that is formed mainly 

by regional topography, partially by the drainage pattern and partially by the hydraulic 

characteristics of the sediments (Davidson 1995). Within the boundaries of the Site, the 

Guildford Formation comprises much of the superficial aquifer. 

The superficial aquifer within the Guildford Formation overlies (in order of increasing depth) the 

following aquifer units (Gozzard 1982): 

 the semi-confined Mirrabooka aquifer, occurring at approximate depths of between 30 

and 60 m bgl; 

 the confined Leederville aquifer, a multi layered regional flow system in the Leederville 

and Osbourne Formations between 250 to 350 m bgl;  

 the South Perth Shale; and 

 the Yarragadee aquifer, a major confined aquifer underlying the entire Perth Region. 

The hydraulic properties of the superficial aquifer vary significantly depending on prevailing 

lithological characteristics. The Guildford Formation, comprising predominantly clayey 

sediments, typically exhibits low hydraulic conductivities (<0.4 m/day), although some basal 
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sandy lenses are reported to have conductivities in the order of 5 to 10 m/day (ERM 2013). 

DWER observation boreholes installed in the vicinity of the Site indicate an approximate 

seasonal range in groundwater elevation of the order of two metres (ERM 2013).  

Previous investigations (ERM 2013) have indicated that a discontinuous perched aquifer is 

present across the Site within the upper portion of the Guildford Formation as a direct 

consequence of the presence of low permeability sediments and restricted vertical infiltration to 

the underlying aquifer. Perched groundwater transport to the open drainage channel network is 

expected to occur during the winter months, with associated discharges to both Ellen Brook and 

Ki-it Monger Brook.  

Groundwater has previously been recorded beneath the site at levels of between 26 and 32 m 

AHD, or approximately 5 m bgl in the western portion to approximately 22 m bgl in the eastern 

portion. Data available through the DWER suggests that groundwater within the Investigation 

Area is fresh to brackish (i.e. total dissolved solids (TDS) concentrations range from 500 mg/L to 

1,000 mg/L).   

Based upon groundwater mapping available from the DWER (based upon maximum 

groundwater levels recorded across the Bullsbrook region in 2014), groundwater flow is 

generally to the south-west beneath the northern portion of the Site and to the south beneath 

the southern portion of the Site. West of Ellen Brook, beneath West Bullsbrook, groundwater 

flow is generally east south-easterly towards Ellen Brook. The groundwater contours are 

presented on Figure 5.   

Groundwater contours interpolated from the gauging of groundwater monitoring wells installed 

by GHD as part of the DSI are presented on Figure 6 and Figure 7. A discussion of these 

interpolated contours is presented in 8.2.3. Interpretations of the identified hydrogeological 

features within the Investigation Area are shown in cross sections presented in Figure 8a and 

Figure 8b. The transects that the cross-sections represent are presented on Figure 6.  

4.5 Groundwater abstraction 

GHD understands that scheme water supplies the Site and that groundwater is no longer 

abstracted for any purpose. Bottled water is supplied to the Site for drinking purposes owing to 

the ageing scheme water infrastructure and associated bacterial contamination within the 

scheme water.   

Based on information available through the DWER (2017b) water information database, there 

are in excess of 100 registered groundwater bores located within a 5 km radius of the centre of 

the Site, as shown on Figure 9. The properties to the west of the Site, within West Bullsbrook, 

currently do not have a scheme water connection. 

Most of these bores (approximately 90%) abstract groundwater from the regional superficial 

aquifer. Consistent with advice provided by the DWER, it is important to note that domestic 

groundwater abstraction (with a yield of less than 1500 kL/annum) does not require licensing 

and thus there is likely to be a significant number of bores present within the Investigation Area 

which are not shown on the DWER (2017b) database.   

In May 2016, GHD completed a water use survey of properties within the Investigation Area 

(GHD 2016b). The purpose of the survey was to obtain information from local Bullsbrook 

residents about bore water use at their properties, particularly in relation to household water 

use. A supplementary water use survey was carried out as part of the December 2016 

Community Information Session to obtain information on the use of water for crop watering or 

animal feeding. The information obtained assisted in defining the sampling and analysis 

program and the resulting data was used in the human health risk assessment.  
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It is important to note that many of the survey responses received were from people who live 

outside the Investigation Area. The following is a summary of the key findings from 47 surveys 

completed by residents who were living inside the Investigation Area at the time of the survey.  

Three respondents elected not to provide their address with their responses to the questions 

and as a conservative measure, GHD has assumed that these respondents live within the 

Investigation Area and the data from their surveys is included in the summary below.   

 Forty-two respondents were residential property owners. Two of these indicated that they 

also used their properties for commercial/industrial purposes. One respondent used their 

property only for commercial/industrial purposes and another only for horticultural 

purposes. 

 Forty-five respondents indicated they had groundwater bores on their properties. One 

respondent also had rainwater.  

 Of the forty-five respondents with bores: 

– All respondents used at the time of the survey, or have previously used, bore water on 

their properties. 

– Forty-four used bore water in their homes at the time of the survey. 

 Respondents identified a variety of different household uses of water, with varying 

numbers of respondents using bore water for each of the uses recorded. These uses 

included: 

– Drinking (30 respondents) 

– Cooking (23 respondents) 

– Swimming (9 respondents) 

– Showering (28 respondents) 

– Washing (27 respondents) 

– Gardening (27 respondents) 

– Animal washing or feeding (18 respondents) 

– Flushing toilets only (7 respondents) 

– Non-specified household use (17 respondents)  

 Seven respondents use the local creeks for recreational purposes. 

Four respondents completed additional questions relating to non-household bore water use as 

part of the supplementary December 2016 survey, the results of which indicated: 

 All four respondents use bores to water either vegetables, herbs, fruit or unspecified 

crops. 

 Three respondents use bore water to feed household pets. 

 Two respondents use bore water to feed chickens.   

 Three respondents consume vegetables and herbs grown at their properties. 

 Two respondents consume fruit grown at their properties. 

 Three respondents consume eggs produced on their properties. 

 Two respondents consume meat produced at their properties. 

 One respondent is selling meat produced at their property.   

 Two respondents used water outside their house for non-specified purposes.   
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4.6 Ecology 

4.6.1 Surface water and wetlands 

Numerous sensitive ecological receptors are present within the Investigation Area, as presented 

on Figure 10. Ellen Brook extends along the western Site boundary and is a “conservation 

category” wetland as defined by the DBCA. As outlined in Section 4.2, the brook receives 

surface water runoff from the Site.   

The Twin Swamps Nature Reserve is located approximately 2.6 km south of the southern Site 

boundary and is a “conservation category” wetland as defined by the DBCA. Within the Reserve 

is the Ellen Brook Swamp System which is a Nationally Important Wetland, as defined by the 

Department of the Environment and Energy (DEE).   

Based on advice provided by the DBCA, GHD understands that Twin Swamps Nature Reserve 

was established to assist with the conservation of the critically endangered Western Swamp 

Tortoise along with Ellen Brook Nature Reserve, which surrounds a portion of Ellen Brook 

approximately 7 km downstream of the southern Site boundary. Both of these reserves are 

likely to be hydraulically connected to groundwater and/or surface water. Surface water in Twin 

Swamps is understood to be supplemented by groundwater from abstraction bores located 

within the northern portion of the reserve. Surface water in Ellen Brook Nature Reserve is fed 

directly by Ellen Brook.   

Nationally Important Wetlands such as the Ellen Brook Swamp System and conservation 

category wetlands such as Ellen Brook and Twin Swamps Nature Reserve are classified as 

Environmentally Sensitive Areas (ESAs) by the WA Minister for Environment under Section 51B 

of the Environmental Protection Act 1986.   

4.6.2 Terrestrial ecology  

Portions of the Site, including the vegetated areas to the north, south-east and south-west of the 

airfield (including portions of Source Area B; former fire training area, Potential Source Area I; 

crash site B and Potential Source Area S; police dog training site), are Bush Forever areas 

(Bush Forever Site 294: Pearce aerodrome and adjacent bushland, Bullsbrook) as presented on 

Figure 10. Bush Forever is a Government initiative aimed to retain and protect regionally 

significant bushland on the Swan Coastal Plain within the Perth Metropolitan Region. Bush 

Forever sites constitute ESAs under Section 51B of the EP Act. 

As reported by GHD in the Report for RAAF Base Pearce – Redevelopment Stage 1 Initial 

Environmental Review (GHD 2006), others have undertaken various vegetation surveys of the 

Site and these have identified several Threatened Ecological Communities (TECs) and 

Declared Rare Flora (DRF) including: 

 Corymbia calophylla - Xanthorrhoea preissii woodlands and shrublands of the Swan 

Coastal Plain 

 Shrublands and Woodlands on Muchea Limestone of the Swan Coastal Plain. 

 Endangered species Centrolepis caespitose. 

 Vulnerable species Eleocharis keigheryi.  

In October 2017, GHD completed an ecological survey of relevant portions of the Site, including 

the Bush Forever area in which Source Area B (former fire training areas) is located, to obtain 

data to inform the ERA. The results of the survey are presented in the GHD (2017e) ecological 

investigations report.   
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Throughout the DSI, birds were observed foraging on ground within Source Area A (fire training 

area). The ecological survey conducted by GHD (2017e) observed ten bird species within the 

area and noted that common insectivorous bird species may use the area for foraging.   
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5. Data quality objectives  

5.1 Data quality objectives framework 

Development of data quality objectives (DQOs) for the investigation is based on guidance 

presented in the National Environmental Protection Council (NEPC) National Environment 

Protection (Assessment of Site Contamination) Amendment Measure 2013 (No 1) (NEPC 

2013). The DQO process comprises the following seven steps:  

 Step 1: State the problem, 

 Step 2: Identify the principal study question, 

 Step 3: Inputs to the decision, 

 Step 4: Boundaries of the study, 

 Step 5: Decision rules, 

 Step 6: Tolerable limits on decision errors, and 

 Step 7: Optimisation of the data collection process. 

5.2 Context of the data quality objectives  

As outlined in Section 1.3, the DSI was completed in two phases, referred to as Phase I and 

Phase II. The DQOs prepared for the Phase I DSI (presented in the GHD 2016g SAQP), were 

broad in nature, reflective of the early stage of the investigation and the limited information and 

data relating to PFAS impacts and the characteristics of the Site and Investigation Area 

available to GHD at the time. As further information and data became available to GHD 

throughout implementation of the Phase I DSI fieldwork and the planning stage of the Phase II 

DSI fieldwork, the DQOs were refined to better reflect specific data gaps and uncertainties 

identified. The DQOs specific to the Phase II DSI fieldwork are presented in the Phase II SAQP 

(GHD 2017f).   

5.3 Consolidated Data quality objectives  

In light of the context provided in Section 5.2, the DQOs presented in Table 6 are a 

consolidation of the Phase I and Phase II DSI DQOs.   

Table 6 Consolidated data quality objectives  

DQO and Sub-item Description 

Step 1: State the problem 

Problem description The historical use, storage and waste management of AFFF 
containing PFAS at RAAF Base Pearce has contributed to soil, 
sediment, surface water, groundwater and biota impacts on-Site.  

The overarching problem addressed by the DSI was that the nature, 
extent and magnitude of PFAS impacts on-Site and within the 
Investigation Area and the level of risk posed to human and ecological 
receptors was unknown.  

More specifically, the primary objectives of the DSI were to: 

 Understand site characteristics such as soil types, geology, 
drainage pathways and groundwater and how they influence 
the potential migration of PFAS on and from the Site. 

 Define the extent of PFAS within soil, sediment, surface water, 
groundwater and biota within the Investigation Area.  

 Provide data to support refinement of the CSM.   
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DQO and Sub-item Description 

 Provide data to inform PFAS fate and transport modelling 
including geological, hydrological and hydrogeological data 
and PFAS concentrations in soil, surface water and 
groundwater.   

 Provide data to inform the HHERA including PFAS 
concentrations in soil, sediment, surface water, groundwater 
and biota.  

Identify members of the 
planning team 

The project team structure is outlined as follows: 

Client Department of Defence 

Consultant GHD Pty Ltd 

Advance Scanning 
Services and Subtera 

Underground service location 

Ecoprobe, South West 
Drilling and Proline 
Drilling 

Soil boring and groundwater monitoring 
well installation  

ALS Environmental 

 

Soil, sediment, surface water, 
groundwater and biota analysis 

National Measurement 
Institute  

Terrestrial biota analysis  

MPL Envirolab Quality control laboratory testing 

Senversa Pty ltd Independent Technical Advisor  
 

Specify available 
resources and 
constraints 

GHD nominated a project team of suitably trained and experienced 
personnel, with relevant Defence and Base required clearances, with 
the capacity required to complete the investigation.  

Works carried out airside required close liaison with the RAAF Base 
Pearce Airside Engineer. Some fieldwork had to be completed outside 
of normal working hours in order to access specific airside test 
locations.   

In a few instances, the choice of sampling locations was influenced by 
the presence of underground services, land access and surface 
waters. Notwithstanding, it is considered the locations sampled have 
provided a robust, representative and reliable dataset.   

Timeframes of the investigation were governed by commitments to 
stakeholders.   

Develop a conceptual 
site model (CSM) 

A preliminary CSM was developed at the PSI stage of the investigation 
(GHD 2016c) and was refined as part of the draft reporting on the 
Phase I DSI works (GHD 2017c), based upon the data that was 
available at that time.   

Based upon the consolidated data from Phase I and Phase II of the 
DSI, an updated CSM has been developed and is presented Section 
12.   

Step 2: Identify the decision 

Identify the principal 
study question 

The sampling design for the Phase I DSI aimed to resolve the 
following broad principal study questions: 

1. What is the status of PFAS in soil, sediment, surface water 
and groundwater at the Site and Investigation Area?  

2. Has PFAS migrated off-site and is it present in groundwater or 
other receptors (e.g. surface water, biota) at a level that could 
constitute a risk to human health or the environment? 

3. What is the need for remediation and/or ongoing management 
of residual impact for the Site to be suitable for the current 
uses?  

Based upon the data gaps and uncertainties identified at completion of 
the Phase I DSI and other information obtained during the course of 
the investigation (such as via supplementary interviews with 
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DQO and Sub-item Description 

BroadSpectrum staff described in Section 3.2) a more refined set of 
principal study questions were developed. The sampling design of the 
Phase II DSI aimed to resolve each of these questions: 

4. By what means has PFAS migrated in groundwater beyond 
the western Site boundary to West Bullsbrook? 

5. What is the extent of soil impact within Source Areas A (fire 
training area), B (former fire training areas) and D (grounds 
maintenance area) and what is the mass of soil which could 
be acting as a secondary source of ground and/or surface 
water impact? 

6. What are PFAS concentrations in soil on-Site beyond the 
identified Source Areas and Potential Source Areas (A to S)? 

7. Is PFAS present in groundwater between the key Source 
Areas (A to D) and the Site boundary? 

8. What is the interaction between groundwater and surface 
water within Ellen and Ki-it Monger Brooks? 

9. What is the groundwater flow direction beneath the West 
Bullsbrook area? 

10. What is the geology of the aquifer in West Bullsbrook and is 
there a vertical difference in PFAS concentrations in the 
aquifer? 

11. Has the flooding of Ellen Brook resulted in migration of PFAS 
and impacts to soil in Lot 200? 

12. Have historical fire training activities at Lot 1990 Neaves Road 
resulted in PFAS impacts in this area, which may be 
contributing to the PFAS impacts identified within the 
Investigation Area, most notably the West Bullsbrook 
township? 

13. Has the abstraction of PFAS impacted groundwater at 
residential properties resulted in impacts to soil at these 
properties, which may subsequently pose a risk to receptors? 

14. Has surface water runoff from the West Bullsbrook area 
contributed to the PFAS impacts identified in Ellen Brook? 

15. What are background PFAS concentrations within Bullsbrook 
and do they differ from background levels present on-Site? 

16. How far downstream of the site has PFAS migrated within 
Ellen Brook?   

17. Has PFAS migrated into the Twin Swamps Nature Reserve? 

18. What terrestrial ecological receptors are present within the 
conservation and native bushland areas of the Site where 
PFAS has been identified?  

19. Have terrestrial ecological receptors been impacted via uptake 
of PFAS from impacted soil, groundwater and/or surface 
water? 

20. Are there seasonal fluctuations of PFAS concentrations within 
groundwater and surface water?    

21. Are there additional potential sources of PFAS impact within 
the Investigation Area beyond those identified during Phase I 
of the DSI? 

22. What is the behaviour (i.e. fate and transport) of PFAS in 
ground and surface water?  
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DQO and Sub-item Description 

The rationale behind each of these Phase II principle study questions, 
including how each question relates to the overall objective of the DSI, 
and the proposed approach to resolve each question is detailed within 
the Phase II SAQP (GHD 2017f) and is summarised in Section 6.   

Study question 22 was primarily resolved through the hydrogeological 
modelling that was completed (refer to Section 11). Study question 3 
will be resolved through a holistic assessment of the data obtained via 
the DSI and based upon the results of the HHERA.  

Identify alternative 
actions that could result 
from resolving the 
principal study question 

Where PFAS levels in soil, sediment, surface water, groundwater or 
biota have not exceeded relevant assessment levels or are consistent 
with background concentrations then no further action is required. 

Where PFAS levels in soil, sediment, surface water, groundwater or 
biota have exceeded relevant assessment levels or are significantly 
greater than background levels then detailed risk assessment will be 
undertaken. The results of the risk assessment will inform the 
requirement for management or remediation.   

Step 3: Identify the inputs to the decision 

Identify the information 
that will be required to 
resolve the decision  

The proposed approach to resolve each of the principal study 
questions outlined in Step 2 above was detailed in the SAQPs (GHD 
2016g and 2017f) and is summarised in Section 6.   

The approach to resolving each of these questions generally involved 
the collection of soil, sediment, groundwater, surface water and biota 
data (both field and analytical) as appropriate, hydrogeological 
modelling and detailed human health and ecological risk assessment.     

Determine the sources 
for each item of 
identified information 

Information was sourced from: 

 Defence and Base personnel, regarding historical use of AFFF 
across the Investigation Area.  

 Various publicly available Government databases (e.g. DWER 
and DBCA), regarding geology, hydrology, groundwater use, 
ecology and site history.  

 Field and analytical results from the Phase I and II DSI works.  

Identify the information 
needed to establish the 
assessment levels 

The basis for adoption of assessment levels is discussed in Section 7.   

Where an assessment level for a given analyte or media was not 
available, results were reviewed against background concentrations 
measured within the Investigation Area or other available published 
background PFAS concentrations.  . 

Confirm that appropriate 
analytical methods exist 
to provide the necessary 
data 

The laboratories used for analysis throughout the investigation 
possess National Association of Testing Authorities (NATA) 
accreditation for the analyses conducted. The only exception to this 
was for biota analysis as, at the time of conducting the sampling and 
analysis program, there were no Australia laboratories that were NATA 
accredited for biota analysis. Aquatic biota and produce samples were 
analysed by ALS and terrestrial biota samples were analysed by the 
Australian Government National Measurement Institute (NMI). These 
are both recognised laboratories that use a variety of internal QA/QC 
procedures (described below) to validate results and on this basis, the 
analysis was considered suitable to meet the objectives of the DSI. It 
is also noted that since completion of the DSI fieldwork, ALS has 
obtained NATA accreditation for biota analysis.   

Step 4: Define the study boundaries 

Specify the 
characteristics that 
define the population of 
interest 

The population of interest consisted of the concentrations of PFAS in 
the media sampled including soil, sediment, surface water, 
groundwater and biota.    

Define the spatial 
boundaries of the 
decision 

The lateral extent of the Site and the Investigation Area, as presented 
on Figure 1, is defined in Section 2.  

The vertical extent of the investigation was a maximum of 30 m bgl at 
the deep groundwater monitoring wells.   
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DQO and Sub-item Description 

Define the temporal 
boundaries of the 
decision 

Temporal variation in surface water levels influenced the investigation 
on a few instances including: 

 Surface water sampling locations for the April 2017 event were 
influenced by the intermittent presence of surface water in 
Ellen Brook at the time of sampling.   

 The locations where aquatic biota sampling was conducted in 
November 2016 were influenced by the intermittent presence 
of surface water in Ki-it Monger Brook.   

While this temporal variation influenced the selection of sampling 
locations within Ellen and Ki-it Monger Brook during the sampling 
events specified above, GHD considers that the locations that were 
sampled have provided a robust, representative and reliable dataset. It 
is further noted that multiple surface water sampling events were 
conducted, which captured conditions following heavy rainfall events 
and dry periods (discussed further in Section 12.2.1).     

Define the scale of 
decision making 

The rationale behind the sampling design for Phase I and II of the DSI 
was provided in the respective SAQPs (GHD 2016g and 2017f).   

Step 5: Develop a decision rule 

Specify the statistical 
parameter that 
characterises the 
population of interest 

Reported concentrations of the key PFAS; PFOS, PFHxS and PFOA 
(for which relevant assessment levels have been derived), have been 
used to characterise the nature, extent and magnitude of PFAS impact 
at the sources, pathways and receptors.   

Nominated laboratory limits of reporting are below PFAS assessment 
levels outlined in section 7. 

Combine the outputs 
from the previous DQO 
steps and develop a 
decision rule. 

The data obtained during the DSI included PFAS detections above the 
adopted assessment levels discussed in Section 7. These elevated 
concentrations indicate the need for more detailed human health and 
ecological risk assessment.     

Step 6: Specify limits on decision errors 

Determine the possible 
range of the parameter 
of interest 

The range of the parameters of interest range from the laboratory 
limits of reporting to the maximum reported level.   

Decision errors Two types of decision errors are possible: 

 Sampling errors that occur when the sampling program does 
not adequately detect the variability of a contaminant from 
point to point across the Site (i.e. the samples collected are 
not representative of the Site conditions). 

 Measurement errors that occur during sample collection, 
handling preparation, analysis and data reduction. 

To minimise the potential for decision errors, the following data quality 
indicators (DQIs) were adhered to: completeness, comparability, 
representativeness, precision and accuracy.  An evaluation of the 
quality of the data obtained during the DSI with respect to these DQIs 
is provided in Appendix C.  

There are two main types of decision errors likely to result from the 
investigation:  

Type I: Concluding that the Site is contaminated when it is not. This 
may result in unnecessary expenditures for management, further 
investigation and/or remediation. 

Type II: Concluding that the Site is not contaminated when it is. This 
may result in impact to human health and the environment.  

Step 7: Optimisation of the data collection process 

The Phase II SAQP has been prepared with regard to various guidelines relevant to assessment 
of contamination, and specifically PFAS contamination, as summarised in Section 1.5.   

Furthermore, to maintain the integrity and reliability of data the following measures were adopted: 
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DQO and Sub-item Description 

 Potential PFAS sources were established to the extent practical with consideration to 
existing information, investigations conducted by others and information provided by 
Defence and Base personnel and Bullsbrook community members.   

 Field and analytical data was collected in accordance with the Phase I and II DSI SAQPs 
(GHD 2016g and 2017f).  

 GHD field personnel were trained and had sufficient experience to complete the fieldwork 
to an acceptable standard.   

 Robust field and laboratory quality assurance/quality control protocols were adopted as 
outlined in Appendix C.  

 NATA accredited laboratories were used for all analyses including the use of suitable 
laboratory limits of reporting.    
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6. Sampling analysis quality plan 

6.1 Sampling design documents 

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.  

6.2 Summary of sampling design  

The sampling design for the DSI aimed to characterise the presence of PFAS:  

 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 CSM developed at the PSI stage 

and refined as necessary throughout the investigation. 

The Phase II DSI aimed to resolve data gaps which were identified at completion of the Phase I 

DSI with respect to the characterisation of the sources, pathways and receptors. These data 

gaps are described as a series of study questions within the Data Quality Objectives in Section 

5.   

Additionally, the HHERA plan and methodology report (GHD 2017b) provided detail on 

additional components of the DSI that were undertaken specifically for the HHRA such as the 

sampling and analysis of edible produce (eggs and vegetables) and surficial soil sampling at the 

on-Site childcare centre.  

In light of the iterative nature of this investigation, the sampling design presented in Table 7 is a 

consolidation of the various phases of fieldwork undertaken. Consistent with the approach taken 

during the Phase I DSI, the basis of the consolidated sampling design was the characterisation 

of PFAS at the various sources, pathways and receptors identified incorporating the work 

undertaken during Phase II in response to the identified data gaps and uncertainties. Table 7 

also demonstrates how each of the Principal Study Questions presented in the DQOs were 

resolved. 

Figure 11 to Figure 14 present an overview of all soil, sediment, surface water, groundwater and 

biota sampling locations within the Investigation Area. More detailed Figures specific to each 

area or sample type are referenced where relevant within Table 7.   



 

26 | GHD | Report for Department of Defence - RAAF Base Pearce PFAS Investigation, 61/33334  

Table 7 Consolidated DSI sampling design 

Area Scope Analysis DQO Principal Study Question Being Resolved 

Background and non-targeted sampling 

Background PFAS 

levels (Figure 15) 

Collection of 12 near-surface soil samples (BS01 to BS09 and BS11 to BS13) 

from areas both on-Site and off-Site which were considered to be representative 

of background conditions, specifically, unmodified areas comprising natural 

bushland. For the on-Site samples, this included the bushland adjacent to Ellen 

and Ki-it Monger Brooks and to the north of the airfield. Off-Site background soil 

samples were collected from bushland located to the north-east of the Site.   

Primary soil samples: 

10 – full PFAS suite 

2 – short PFAS suite 

12 – TOC 

6 – clay content, CEC, pH 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area? 

15. What are background PFAS concentrations within Bullsbrook and do they 

differ from background levels present on-Site? 

Non-targeted 

sampling (Figure 

15) 

Drilling, sampling and analysis of seven non-targeted soil bores outside of the 

identified Source Areas and Potential Source Areas on the Site to a depth of 0.5 

m bgl (GS_BH213 to GS_BH19). Near-surface soil samples collected during the 

installation of groundwater monitoring wells at the site boundary (BW_M14 to 

BW_MW21) and analysed for PFAS also provide data for this purpose.   

Primary soil samples: 

7 – full PFAS suite 

8 – short PFAS suite, pH 

3 - TOC 

6. What are PFAS concentrations in soil on-Site beyond the identified Source 

Areas and Potential Source Areas (A to S)? 

Source characterisation 

Source Area A – 

Fire training area 

(Figure 16a) 

Drilling and sampling of 91 soil bores to a maximum depth of 4 m bgl (SA_HA01 

to SA_HA27, SA_BH58 to SA_BH120, SA_BH213 to SABH220, SA_MW01 and 

SA_MW02).  

Conversion of two soil bores (SA_MW01 and SA_MW02) to groundwater 

monitoring wells and subsequent gauging and sampling of groundwater.  

Gauging and sampling of four groundwater monitoring wells installed by others 

(WA0067-MW15 and WA0067-MW52, WA0067-MW53 and WA0067-MW55).  

Groundwater sampling was undertaken in September 2016, November 2016 

and September 2017.   

Primary soil samples: 

129 – full PFAS suite 

52 – short PFAS suite 

169 – total organic carbon (TOC) 

32 – clay content, cation exchange capacity 

(CEC), pH 

Primary Groundwater samples: 

12 – full PFAS suite 

2 – short PFAS suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area? 

5. What is the extent of soil impact within the key identified Source Areas A (fire 

training area), B (former fire training areas) and D (grounds maintenance area) 

and what is the mass of soil that could be acting as a secondary source of 

ground and/or surface water impact? 

20. Are there seasonal fluctuations of PFAS concentrations within groundwater 

and surface water?    

Source Area B – 

Former fire training 

areas (Figure 17a) 

Drilling and sampling of 31 soil bores to a maximum depth of 2 m bgl (SB_HA28 

to SB_HA47, SB_BH121 to SB_BH128 and SB_MW03 to SB_MW05).  

Conversion of three soil bores (SB_MW03 to SB_MW05) to groundwater 

monitoring wells and subsequent gauging and sampling of groundwater. 

Groundwater sampling was undertaken in September 2016, November 2016 

and September 2017.  

Primary soil samples:  

23 – full PFAS suite 

39 – short PFAS suite 

29 – TOC 

10 – clay content, CEC, pH 

Primary groundwater samples: 

7– full PFAS suite 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Source Area C – 

Hangar 93 and 

foam disposal pit 

(Figure 18) 

Drilling and sampling of 15 soil bores to a maximum depth of 4 m bgl (SC_HA48 

to SC_HA57 and SC_MW07 to SC_MW10). 

Conversion of four soil bores (SC_MW07 to SC_MW10) to groundwater 

monitoring wells and subsequent gauging and sampling of groundwater. 

Groundwater sampling was undertaken in October 2016 and September 2017.  

Primary soil samples: 

6 – full PFAS suite 

24 – short PFAS suite 

28 – TOC 

2 – clay content, CEC, pH 

Groundwater samples: 

8 – full PFAS suite 

Source Area D – 

Grounds 

maintenance area 

(Figure 19a) 

Drilling and sampling of 15 soil bores to a maximum depth of 2 m bgl (SD_HA58 

to SD_HA62, SD_BH129 to SD_BH136, SD_MW12 and SD_MW13) 

Conversion of two soil bores (SD_MW12 and SD_MW13) to groundwater 

monitoring wells and subsequent gauging and sampling of groundwater. 

Groundwater sampling was undertaken in November 2016 and September 

2017.  

Primary soil samples: 

17– full PFAS suite 

12– short PFAS suite 

29 – TOC 

6 – clay content, CEC, pH 

Primary groundwater samples  

4 – full PFAS suite 

Potential Source 

Area E – Main 

runway strip 

(Figure 20) 

Drilling and sampling of 10 soil bores to maximum depth of 0.5 m bgl 

(SE_BH158 to SE_BH167). 

10 primary soil samples – full PFAS suite 1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area F – Fitter’s 

workshop (Figure 

21) 

Drilling and sampling four soil bores to maximum depth of 0.5 m bgl (SF_BH168 

to SF_BH171). 

Installation, gauging and sampling of one groundwater monitoring well 

(SF_MW41). 

Primary soil samples: 

4 – full PFAS suite 

2 – clay content, CEC, pH 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area G – Former 

fire training area 

(Figure 22) 

Drilling, logging and sampling of ten soil bores to a maximum depth of 4.0 m bgl 

(SG_BH172 to SG_BH181). Samples were analysed from the near surface and 

the approximate mattress burial depth (between 2.5 and 3.5 m bgl as described 

in Section 3.2). 

Installation, gauging and sampling of one groundwater monitoring well 

(SG_MW42). 

15 primary soil samples – full PFAS suite 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area H – Crash 

site A (Figure 23) 

Drilling, logging and sampling of five soil bores to a maximum depth of 1.5 m bgl 

(SH_BH182 to SH_BH186). 

Installation, gauging and sampling of one groundwater monitoring well 

(SH_MW43). 

Primary soil samples: 

5 – full PFAS suite 

2 - clay content, CEC, pH 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Potential Source 

Area I – Crash site 

B (Figure 24) 

Drilling, logging and sampling of four soil bores to maximum depth of 0.5 m bgl 

(SI_BH187 to SI_BH190). 

Gauging and sampling of existing groundwater monitoring well BW_MW19. 

Collection of surface water and sediment samples from locations RK_SW11, 

RK_SD11, RK_SW12 and RK_SD12 within Ki-it Monger Brook (undertaken as 

part of pathway characterisation described below). 

4 primary soil samples – full PFAS suite 

1 primary groundwater sample – full PFAS 

suite 

Refer to pathway characterisation section for 

surface water and sediment sampling. 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area J – Former 

fuel farm (Figure 

25) 

Drilling, logging and sampling of 12 soil bores to maximum depth of 1.5 m bgl 

(SJ_BH191 to SJ_BH202).  

Installation, gauging and sampling of one groundwater monitoring well 

(SJ_MW44). 

12 primary soil samples – full PFAS suite 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those previously identified? 

Potential Source 

Area K – 

BroadSpectrum 

compound (Figure 

26) 

Drilling, logging and sampling of six soil bores to a maximum depth of 1.5 m bgl 

(SK_BH203 to SK_BH208). 

Installation, gauging and sampling of one groundwater monitoring well 

(SK_MW45). 

Primary soil samples:  

6 – full PFAS suite 

2 - clay content, CEC, pH 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those previously identified? 

Potential Source 

Area M – Crash 

site C (Twin 

Swamps) (Figure 

27) 

Collection of surface water and sediment samples from two locations within the 

Twin Swamps Nature Reserve (TS01 and TS02). 

2 primary surface water samples – full PFAS 

suite 

Primary sediment samples: 

2 - full PFAS suite, TOC 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

17. Has PFAS migrated into the Twin Swamps Nature Reserve? 

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those previously identified? 

Potential Source 

Area N – Fire 

event (loader) 

(Figure 28) 

Installation, sampling and gauging of one groundwater monitoring well 

(SN_MW46). 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those previously identified? 

Potential Source 

Area O – Lot 1990 

Neaves Road 

(Figure 29) 

Installation, sampling and gauging of two groundwater monitoring wells 

(SO_MW47 and SO_MW48). 

2 primary groundwater samples – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

12. Have historical fire training activities at Lot 1990 Neaves Road resulted in 

PFAS impacts in this area, which may be contributing to the PFAS impacts 

identified within the Investigation Area, most notably the West Bullsbrook 

township? 

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area Q – WWTP 

(Figure 30) 

Collection of water samples from four locations (TP_SW43 to TP_SW46). 

Installation, sampling and gauging of one groundwater monitoring well 

(PG_MW31). 

4 primary water samples – full PFAS suite 

1 primary groundwater sample – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Potential Source 

Area R – RAAF 

Pearce landfill 

(Figure 31) 

Gauging and sampling of two existing groundwater monitoring wells (PMW02 

and PMW05). 

 

2 primary groundwater samples – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Potential Source 

Area S – Police 

dog training site 

(Figure 32) 

Drilling, logging and sampling of four soil bores to a maximum depth of 3 m. 

(SS_BH209 to SS_BH212). 

Installation, sampling and gauging of two groundwater monitoring wells 

(SS_MW49 and SO_MW50). 

6 primary soil samples – full PFAS suite 

2 primary groundwater samples – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

21. Are there additional potential sources of PFAS impact within the Investigation 

Area beyond those identified during Phase I of the DSI? 

Pathway characterisation 

Leaching of PFAS 

from soil to 

groundwater  

Analysis of 10 primary soil samples, that reported varying total PFAS 

concentrations, for leachable PFAS.  

10 primary soil samples – Australian 

Standard Leaching Procedure (ASLP) 

followed by the short PFAS suite. 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

West Bullsbrook 

drainage channels 

(Figure 33) 

Collection of eight primary sediment samples from the drainage channels in 

West Bullsbrook, including four samples from the creek traversing Lot 200 and 

four samples from the drain traversing the medium-density residential settlement 

to the south of Lot 200 (test locations WB_SW33 to SB_SW40 and WB_SS33 to 

WBSS40).   

8 primary sediment samples – full PFAS 

suite, TOC 

8 primary surface water samples – full PFAS 

suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area? 

14. Has surface water runoff from the West Bullsbrook area contributed to the 

PFAS impacts identified in Ellen Brook? 

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

Hydrogeology of 

West Bullsbrook 

(Figure 33) 

Installation, gauging and sampling of 12 groundwater monitoring wells within 

West Bullsbrook.  Eight of the wells target the shallower portions of the aquifer 

(WB_MW25S, WB_MW26, WB_MW27, WB_MW28S, WB_MW29S, 

WB_MW30S, GM_MW36 and GM_MW37) while four of the wells target the 

deeper portions (WB_MW25D, WB_MW28D, WB_MW29D and WB_MW30D). 

13 primary groundwater samples – full PFAS 

suite 

9. What is the groundwater flow direction beneath the West Bullsbrook area? 

10. What is the geology of the aquifer in West Bullsbrook and is there a vertical 

difference in PFAS concentrations in the aquifer? 

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

On-Site drainage 

channels (Figure 

34) 

Collection of surface water and sediment samples from 20 locations along the 

major on-Site drainage channels (PD_SW01 to PDSW20 and PD_SD01 to 

PD_SW20).  Following the initial sampling event in September 2016 (Phase I), 

seven locations were re-sampled for surface water only in August 2017 

(PD_SW06, PD_SW07, PD_SW09, PD_SW11, PD_SW15, PD_SW17, 

PD_SW20). 

20 primary sediment samples – short PFAS 

suite, TOC 

27 primary surface water samples – full 

PFAS suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area? 

2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

20. Are there seasonal fluctuations of PFAS concentrations within groundwater 

and surface water?    

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Groundwater 

between the 

Source Areas and 

off-Site (Figure 13) 

Installation, gauging and sampling of 20 groundwater monitoring wells located 

between the Source Areas and the site boundary. Thirteen of the wells target 

the shallower portions of the aquifer (BW_MW15 to BW_MW20, BW_MW22S to 

BW_MW24S and PG_MW32S to PG_MW25S) while seven of the wells target 

the deeper portions (BW_MW22D to BW_MW24D and PG_MW32D to 

PG_MW35D).    

11 primary groundwater samples – full PFAS 

suite 

4. By what means has PFAS migrated in groundwater beyond the western site 

boundary to West Bullsbrook? 

7. Is PFAS present in groundwater between the key Source Areas (A to D) and 

the Site boundary? 

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

Interaction 

between 

groundwater and 

surface water 

(Figure 13) 

Gauging of surface water levels at seven locations including five locations within 

Ellen Brook and two locations within Ki-it Monger Brook.  

Installation, gauging and sampling of 18 groundwater monitoring wells close to 

the surface water gauging locations in Ellen and Ki-it Monger Brooks. Eleven of 

the wells target the shallower portions of the aquifer (WB_MW25S, 

WB_MW28S, WB_MW30S, BW_MW22S, BW_MW23S, BW_MW24S, 

GM_MW36, GM_MW37, GM_MW38, GM_MW39 and GM_MW40S) while seven 

target the deeper portions (WB_MW25D, WB_MW28D, WB_MW30D, 

BW_MW22D, BW_MW23D, BW_MW24D, GM_MW40).  

Gauging was completed both post-winter (September/October 2017) and post-

summer (March 2018). 

18 primary groundwater samples – full PFAS 

suite 

8. What is the interaction between groundwater and surface water within Ellen 

and Ki-it Monger Brooks? 

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

Receptor characterisation  

Ellen and Ki-it 

Monger Brook 

(Figure 35) 

Collection of surface water and sediment samples from 32 locations along Ellen 

and Ki-it Monger Brooks. Sampling was undertaken in September/October 2016, 

April 2017 and August/September 2017. The specific locations sampled during 

each of these events are detailed in Section 9.2.4 (for sediment sampling) and 

Section 9.3.4 (for surface water sampling).  

48 primary surface water samples – full 

PFAS suite 

2 primary surface water samples – short 

PFAS suite 

Primary sediment samples: 

23 – full PFAS suite 

28 – short PFAS suite 

51 – TOC 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

16. How far downstream of the site has PFAS migrated within Ellen Brook?   

20. Are there seasonal fluctuations of PFAS concentrations within groundwater 

and surface water?    

22. What is the behaviour (i.e. fate and transport) of PFAS in ground and surface 

water? 

Childcare centre 

(Figure 36) 

Collection and analysis of ten near-surface soil samples from across the 

playground of the on-Site childcare centre (CC_HA63 to CC_HA72). 

Primary soil samples: 

3 – full PFAS suite 

7 – short PFAS suite 

10 – TOC  

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

Off-site soil (Lot 

200) (Figure 33) 

Drilling, logging and sampling of 21 soil bores across Lot 200 to a maximum 

depth of 1.5 m bgl (WB_BH137 to WB_BH157). 

Primary soil samples: 

32 – full PFAS suite, TOC 

9 – clay content, CEC, pH 

11. Has the flooding of Ellen Brook resulted in migration of PFAS and impacts to 

soil in Lot 200? 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Off-site 

groundwater 

(Figure 37) 

Collection of groundwater samples from 116 off-Site bores on private properties 

within the Investigation Area. Most of the sampling was conducted in May 2016, 

August 2016, January 2017, September 2017 and February/March 2018. Some 

samples were collected at other times in response to requests from community 

members. Thirty-nine of the bores were sampled at least twice. The specific 

locations sampled during each of these events are detailed are 9.4.4.  

One groundwater sample was also collected from a spring in Lot 200, West 

Bullsbrook in January 2017. 

160 primary groundwater samples – full 

PFAS suite 

1 primary water sample (spring sample) – full 

PFAS suite 

1. What is the status of PFAS in soil, sediment, surface water and groundwater at 

the Site and Investigation Area?  

2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

Off-site soil 

irrigated with 

impacted 

groundwater  

Collection of 18 near-surface soil samples from irrigated areas of residential 

properties (comprising three samples from each of six properties) where PFAS 

was detected in groundwater during the Phase I DSI groundwater sampling 

events.  

18 primary soil samples – full PFAS suite 13. Has the abstraction of PFAS impacted groundwater at residential properties 

resulted in impacts to soil at these properties, which may subsequently pose a 

risk to receptors? 

Produce irrigated 

with groundwater 

(Figure 14) 

Collection and analysis of 24 produce samples including eggs, tomatoes, leafy 

vegetables and herbs grown at eight different properties within the Investigation 

Area. The properties sampled were selected based upon the results of the water 

use survey (refer to Section 4.5), the off-site groundwater results, their location 

relative to the Site and inferred groundwater and surface water flow pathways.  

All properties where produce was sampled use bore water to irrigate produce or 

as a drinking water supply for chickens. The number and type of samples 

collected at each property was based upon discussions with the residents in 

relation to their consumption habits whereby produced which was consumed 

most often was prioritised for analysis.   

24 primary produce samples – full PFAS 

suite 

2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

Aquatic biota in 

Ellen and Ki-it 

Monger Brook 

(Figure 14) 

Analysis of 48 samples of aquatic biota comprising fish and crustaceans 

collected from six locations in Ellen and Ki-it Monger Brooks. 

48 aquatic biota samples – full PFAS suite 2. Has PFAS migrated off-site and is it present in groundwater or other receptors 

(e.g. surface water, biota) at a level that could constitute a risk to human health or 

the environment? 

Ecology  Completion of an ecological survey of Source Areas A (fire training area) and B 

(former fire training areas) and the on-site portions of Ellen Brook and Ki-it 

Monger Brook, where sensitive terrestrial ecological receptors have been 

identified.  The results of the survey are presented in the Ecological 

Investigation Report (GHD 2017f) and will be used to inform the ERA.    

- 18. What terrestrial ecological receptors are present within the conservation and 

native bushland areas of the Site where PFAS has been identified? 

Terrestrial biota in 

Source Areas 

(Figure 14) 

Analysis of 24 samples of terrestrial biota comprising edible portions of plants, 

invertebrates and animal scats from PFAS source areas where terrestrial 

ecological receptors were identified (i.e. Source Areas A; fire training area and 

B; former fire training areas). 

24 terrestrial biota samples – full PFAS suite  19. Have terrestrial ecological receptors been impacted via uptake of PFAS from 

impacted soil, groundwater and/or surface water? 
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Area Scope Analysis DQO Principal Study Question Being Resolved 

Down-gradient 

Environmentally 

Sensitive Areas 

(Figure 12 and 

Figure 27) 

Collection of surface water and sediment samples from six locations along the 

southern reaches of Ellen Brook, downstream of the Site towards the Swan 

River, including one location within Ellen Brook Nature Reserve (RE_SW27 to 

RE_SW32 and RE_SS27 to RE_SS32).  Sampling was completed in April 2017 

and August 2017.  

Collection of surface water and sediment samples from two locations within the 

Twin Swamps Nature Reserve (TS01 and TS02). 

14 primary surface water samples – full 

PFAS suite 

Primary sediment samples: 

14 – full PFAS suite 

2 - TOC 

16. How far downstream of the site has PFAS migrated within Ellen Brook?   

17. Has PFAS migrated into the Twin Swamps Nature Reserve? 

Notes: Full PFAS suite includes the analytes listed in Appendix A 

Short PFAS suite includes 10:2 fluorotelomer sulfonic acid, 4:2 fluorotelomer sulfonic acid, PFHxS, PFOS, PFHxS plus PFOS, perfluorobutane sulfonic acid, perfluoropentanoic acid, 8:2 fluorotelomer sulfonic acid, 6:2 

fluorotelomer Sulfonate (6:2 FTS), perfluorooctanoic acid (PFOA), perfluorobutanoic acid, perfluoroheptanoic acid, perfluorohexanoic acid (PFHxA) and sum of total PFAS.  
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6.3 Field methods 

All field methods were detailed in the SAQPs (GHD 2016d and 2017g) and HHERA plan (GHD 

2017b). Table 8 presents a consolidation of the methodologies adopted for sampling throughout 

the DSI. Minor deviations from the sampling methods presented in the SAQPs and HHERA plan 

that occurred due to site conditions or constraints are reflected in Table 8. Field quality control 

(QC) and quality assurance (QA) procedures are described in Appendix C. 
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Table 8 DSI methodologies 

Task Methodology 

Soil sampling Soil samples were collected using a hand auger or, where soil sampling beyond 1.5 m bgl was required (e.g. Potential Source Areas G; 

former fire training area and S; police dog training site), a Geoprobe direct push drilling rig. Owing to the high density of underground 

services on the Site and limitations of underground scanning techniques caused by site conditions (geology, depth of service installation 

etc.), the preferred soil sampling method was by hand auger given the lower associated health and safety and infrastructure damage risks. 

In some instances (SA_HA60), sampling was limited to 0.5 m bgl as the risk of striking a service at those particular locations was deemed 

too high.   

For delineation of PFAS soil impacts within the Source Areas, soil samples were collected at 0.5 m intervals to borehole termination to 

better characterise the vertical extent of PFAS soil impacts. All other soil bores (including those drilled for the purpose of installing 

groundwater wells) were sampled at the surface, at 0.5 m bgl and then at 1 m intervals to borehole termination.  All soil samples were 

visually inspected, with field observations and subsurface conditions recorded on field lithological logs, including statements on nature and 

presence of fill materials. Photographs were taken of the soil cores.  

Groundwater well 

installation 

Groundwater wells were installed via a combination of sonic and air core drilling, which were found to be the only suitable drilling methods 

for the hard clayey ground conditions. The drilling method involves the use of a solid outer casing in which the monitoring well is then 

constructed. The outer casing is driven into the underlying soil that is yet to be penetrated or sampled and prevents the inflow of perched 

water, if present at the drilling location. 

Due to the variable nature of groundwater conditions within the Investigation Area, wells were installed to a maximum of 4 m below the 

encountered groundwater level and featured 6 m screened sections. It is noted that in some cases, following well installation the 

groundwater rose to a level above the screened interval. This is unlikely to have impacted upon the quality of the groundwater data given 

that PFAS is not expected to partition within the water column in the manner of contaminants such as petroleum hydrocarbons. The wells 

were constructed to capture water that is representative of the regional aquifer (and avoid connection with any perched or surface water) 

which to some degree is confined by the surficial clays that are present. Due to this, in some wells the water of the regional aquifer rose 

and extended beyond the screens. Nevertheless, the groundwater samples are considered representative of PFAS concentrations within 

the regional aquifer.     

Some wells were installed as clustered pairs with one well targeting the shallower portions of the aquifer (i.e. installed to approximately 6 

m below the encountered groundwater level) and the other targeting the deeper portions of the aquifer (i.e. installed a depth of 30 m bgl). 

The two wells were installed approximately 2 m apart from each other to prevent short-circuiting.   
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Task Methodology 

Wells were constructed using 50 mm polyvinyl chloride (PVC) class 18 blank and screened (1 mm slots) casings. The casings were joined 

by screw-threaded joints. A filter pack comprising uniformly graded clean, coarse, sub-rounded to rounded silica sand was placed around 

the screened section from the bottom of the well annulus to least 0.5 m above the screened section. A bentonite seal was placed above 

the gravel pack to minimum thickness of 0.5 m and the annulus was then grouted back to the surface. The wells were finished with a 

stainless steel aboveground cover and cement or flush steel cover and cement as appropriate based on the well location. Immediately 

following installation, the wells were developed by purging at least four well volumes to facilitate hydrogeological connection.  

The top of well casings were accurately surveyed to Australian Height Datum (AHD) and Australian Map Grid (AMG) to facilitate 

calculation of groundwater levels.  

Groundwater level 

gauging 

After a settling period of one week, all wells were gauged to determine standing water levels using an interface probe. Depth 

measurements were referenced to the top of well casing. Where possible, depth measurements were recorded to the nearest 1 cm. 

Repeat measurements were made at subsequent time intervals to ensure equilibrium had been attained if there was any doubt.  

Groundwater 

sampling  

Disposable non-Teflon bailers fitted with polypropylene string were used to collect all groundwater samples that were collected from wells 

targeting the shallower portions of the aquifer. Prior to collecting a sample, a sufficient volume of water was purged to allow for collection 

of a sample that was representative of the aquifer and not stagnant water. The volume of water requiring purging was assessed on a well-

by-well basis with consideration to how far the water level had risen above the screened section of the well (noting the comments made 

above on groundwater well installation methodology and water levels rising above the screened section in some wells).   

For deeper groundwater monitoring wells, where the screened interval was positioned within the deeper portions of the regional aquifer 

(i.e. between 24 and 30 m bgl), GHD collected groundwater samples using bore-dedicated polypropylene HydraSleeves, so that the 

groundwater samples were representative of the deeper portion of the aquifer. Using a bailer to sample these deeper wells would have 

likely resulted in a groundwater sample being obtained from the upper portion of the aquifer, as the bailer fills upon making contact with 

the groundwater inside the well, and was therefore not considered an appropriate method of sampling for these wells. 

Prior to sample collection, field parameters including temperature, pH, electrical conductivity (EC), dissolved oxygen (DO) and oxidation 

reduction potential (ORP), were measured during purging using a pre-calibrated water quality meter and recorded on tablets. The water 

quality meter calibration certificates are provided in Appendix D. 
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Task Methodology 

Groundwater 

sampling – private 

bores 

Groundwater samples were collected from off-Site private bores (where access was provided) via the ‘first flush’ sampling method, as the 

primary objective was to collect groundwater representative of that used by the resident who may not purge the water line before water 

use. This process involved collecting the first draw of water from the bore outlet tap. It is acknowledged that this process may result in data 

representative of the potential accumulation of chemicals that could occur following stagnation of water in pipework. It is noted that it is not 

possible to standardise the volume of water that would need to be purged to avoid the collection of stagnant water. Notwithstanding, in 

addition to the ‘first flush’ sample, GHD collected a sample following purging at one private bore, Bore 3, to assess variability in PFAS 

concentrations in ‘first flush’ samples and samples collected following purging. An approximate volume of 20 to 30 L was purged prior to 

sample collection. Prior to sample collection, field parameters including temperature, pH, EC, DO and ORP were measured using a pre-

calibrated water quality meter and recorded on groundwater sampling field sheets.  The water quality meter calibration certificates are 

provided in Appendix D. 

Hydraulic 

conductivity tests 

In order to assess the hydraulic properties and permeability of the aquifer, hydraulic aquifer tests (“slug tests”) were undertaken on a 

selection of wells that targeted the shallow and deeper portions of the regional superficial aquifer (the tested wells are presented in Section 

8.2.4).  

The slug tests involve lowering a stainless steel bailer (the slug) of known volume into the monitoring well. The slug is then removed and 

the water level response recorded at one second intervals using a groundwater level data logger. The groundwater level data was 

downloaded and analysed using AQTESOLV (standard aquifer testing software). The Bouwer and Rice solution for a confined aquifer 

(Bouwer and Rice 1976) was used to calculate the hydraulic conductivity (k) for each of the wells.   

Surface water level 

gauging 

Seven stream gauges were installed within Ellen and Ki-it Monger Brooks, including five within Ellen Brook (RE_SG01 to RE_SG05) and 

two within Ki-it Monger Brook (RK_SG01 and RK_SG02). The stream gauge locations are shown on Figure 13. The gauge locations were 

chosen based on their proximity to groundwater monitoring wells installed adjacent to the Brooks, to enable an assessment of the 

interaction between surface water and groundwater.   

Water levels were measured using water level data loggers, that recorded the level of water above the logger at 15 minute intervals, at 

four locations (RE_SG01, RE_SG02, RE_SG05 and RK_SG02) and by also by taking opportunistic manual readings at all seven 

locations, noting the time when the readings were recorded. The top of each stream gauge was accurately surveyed to AHD to facilitate 

calculation of surface water levels.   
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Task Methodology 

Surface water 

sampling 

Where the embankment of the water body was stable and the water body could be safely accessed, surface water samples were collected 

by hand, directly into the laboratory supplied sample containers. Where depth permitted, the sample container was positioned least 10 cm 

below the surface water level and above the sediment bed and oriented with the capped opening facing downwards to avoid the collection 

of surface films. Once in position, the container cap was removed to allow sample collection. Where sampling points could not be safely 

accessed, surface water samples were collected using a long-handled sampler and decanted into the laboratory supplied sample 

containers. Field parameters including temperature, pH, EC, DO and ORP were measured at the time of sampling using a pre-calibrated 

water quality meter and were recorded on field sampling sheets. The water quality meter calibration certificates are provided in Appendix 

D. 

Consistent with the SAQP (GHD 2016g), sampling of the on-Site drainage channels was completed following rainfall events. 

Approximately 35.6 mm of rainfall was recorded during September 2016 in the lead up to the sampling event and approximately 125.6 mm 

of rainfall was recorded in August 2017 in the lead up the sampling event (BoM 2017).   

Sediment sampling Where embankment stability and surface water depth permitted, sediment samples were collected using a stainless steel trowel. Where 

access to sediment was restricted by the presence of surface water, samples were collected using a PVC pipe of suitable length. The PVC 

pipe was pushed by hand into the sediment bed to obtain a core sample from the sediment/water interface. At each sampling location, the 

sediment type was visually assessed and observations were recorded on field sampling sheets.   

Aquatic biota 

sampling 

Fish and crustacean samples were collected from Ellen Brook and Ki-it Monger Brook. The sampling locations were chosen based upon 

visually identifiable favourable aquatic habitats within the vicinity of surface water and sediment sampling locations. Sampling was 

predominantly undertaken using fyke nets that were positioned and left overnight for sample retrieval the following day. At one location 

(Biota 7), an electrofishing backpack was used to supplement the fyke net sampling.   

The aquatic biota sampling was conducted in accordance with the stipulations outlined in the research permit held by GHD (i.e. Fish 

Resources Management Act 1994 Exemption 2858 – Section 7 Exemption; expiry 30 June 2017) and GHD’s Standard Operating 

Procedure (SOP) for fish euthanasia. As the majority of fish caught during the sampling exercise were small ((i.e. ranging from 36 mm to 

105 mm in length), the entire fish specimens were submitted to the primary laboratory for analysis.   

Terrestrial biota 

sampling 

Terrestrial biota including edible portions of plants, invertebrates and animal scats were sampled. Samples were collected as a composite, 

taking several pieces of the species being sampled and placing them into a laboratory supplied sampling container.  
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Task Methodology 

Produce sampling Edible produce including fruit, vegetables and chicken eggs were sampled. Leafy vegetables were sampled as a composite, taking several 

pieces of the edible portion and placing them into the laboratory supplied sampling container. For ripened fruit such as tomatoes and 

capsicum, the entire edible portion was placed into the container. The yolk of the eggs collected was separate from the egg white and 

poured into the sampling container. Studies have shown that where PFAS compounds are detected the yolks generally have PFAS levels 

two to three orders of magnitude higher than the albumen (ECCC 2017) and it cannot be precluded that consumers will eat only the egg 

yolk.  
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6.4 Laboratory analysis 

6.4.1 Laboratories 

The laboratories used for analysis during the DSI are NATA accredited for the specific analytical 

procedures. These included: 

 Primary laboratory: ALS Environmental, Malaga, Western Australia, with the exception of 

terrestrial biota analysis, which was performed by National Measurement Institute (NMI). 

 Secondary laboratory: MPL Envirolab, Myaree, Western Australia. 

6.4.2 Analytical methods 

The analytical methods adopted by the primary and secondary laboratory for the DSI are 

summarised in Table 9. The primary laboratory methods and LORs for individual PFAS that 

make up the PFAS suite are provided in Appendix A.  

All samples were analysed to a PFAS LOR suitable to meet the relevant adopted assessment 

levels (refer to Section 7.3), where the available analytical methods permit.   

Table 9 Laboratory methods 

Sample handling  Upon receipt of a batch of samples, the chain-of-custody (CoC) 
form was signed and dated by the laboratory. A hard copy of the 
CoC was filed and stored and an electronic copy was filed under a 
unique work order number. A copy of the signed CoC was emailed 
to GHD along with the sample receipt notification. 

The temperature of the samples was recorded at receipt, along 
with a description of the chilling method (e.g. ice) and condition of 
insulated container (i.e. security seals intact). Bench space was 
allocated per work order so samples cannot be mixed with other 
work orders. 

The work order was logged and unique, water-proof labels were 
produced and adhered to each sample container.  

Samples were organised by sample type and/or preservative and 
were stored below 6 ºC until analysed.  

The laboratories follow Good Laboratory Practice including the 
maintenance of clean equipment and instrumentation to minimise 
the potential for cross-contamination of samples.  

PFAS   ISO 25101:2009 method was used for analysis of PFAS in soil, 
sediment, water, aquatic biota and produce samples.  

This method uses a mixed standard of linear and branched PFOS 
isomers. The ‘sum of PFAS’ reported includes all compounds of 
the suite tested for. Linear and branched PFOS can be reported 
separately if requested however, this was not routinely completed 
for this investigation as there is currently insufficient human health 
or ecological toxicology data on the separate isomers and the 
investigation levels are also not based on separate isomers. 

PFAS in terrestrial 
biota  

NMI analysed for PFAS in terrestrial biota samples via high 
performance liquid chromatography/triple quadrupole mass 
spectrometry with reference to the USEPA 537 reference method.   

PFAS reference 
standards 

A mixture of both branched and linear isomers were used. The 
standard mixtures are purchased commercially from an overseas 
supplier and are regarded as a certified reference material as the 
concentrations of the PFAS in the mixture are known and carefully 
considered. The ratio of branched to linear isomers approximates 
those normally encountered in industry and the environment. The 
mixture of branched and linear isomers is then utilised to determine 
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the concentrations of PFAS submitted to the laboratory for 
analysis. 

pH (CaCl2) Rayment and Higginson 4B1 (mod) 

Total organic carbon AS1289.4.1.1 – 1997 (for the EP004 method organic matter plus 
TOC as a calculation). 

Clay content AS1289.3.6.1 

AS1289.3.6.3 

AS1289.3.5.1 

Cation exchange 
capacity 

Rayment; Lyons (2011) Method 15A2 

6.5 Waste management 

During the investigation, strict waste management protocols were followed to ensure that 

potentially impacted soil and water did not result in cross-contamination of non-impacted areas 

of the Site.     

The spoil and purge water generated via the groundwater well installation process was collected 

into drums that were subsequently sealed. The drums were either disposed of to an 

appropriately licensed waste management facility by Catalyst Environmental Solutions or, where 

PFAS concentrations were below the appropriate assessment levels, the material was re-

distributed in an appropriate location on the Site.   

Spoil generated from soil boring was returned to the sub-surface following completion of 

sampling.     

6.6 Non-PFAS sampling and analysis  

Consistent with the Golder Associates Technical Memorandum dated 30 March 2017 (reference 

1652034-060-M-Rev2) entitled “Laboratory Analysis Suite”, a portion of soil, sediment, surface 

water and groundwater samples were analysed for a broad suite of non-PFAS contaminants. In 

this respect, Defence’s objectives are to: 

 Optimise the collection of environmental data at Defence Sites while PFAS investigations 

are underway. 

 Gain an understanding of other contaminants of potential concern (COPC) that may be 

present on the Site and/or may be migrating off-Site. 

 Implement a baseline consistent approach across the Defence estate properties subject 

to a PFAS investigation. 

 Incorporate the analysis of 1,4-Dioxane into the groundwater monitoring program. 

A factual report detailing the non-PFAS sampling, analytical program, QA/QC procedures and 

results is presented in Appendix H.   
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7. Assessment levels 

7.1 Guidelines  

The majority of the assessment levels adopted for the DSI are based upon the draft Heads of 

Environmental Protection Authorities Australia and New Zealand (2018) PFAS National 

Environmental Management Plan (NEMP 2018). This guideline presents a consolidated set of 

Australian PFAS assessment levels for soil and water that are derived from the following 

guidelines: 

 Department of Environment and Energy (2016) Draft Commonwealth Environmental 

Management Guidance on Perfluorooctane (PFOS) and Perfluorooctanoic Acid (PFOA). 

October 2016 (DEE 2016) (Draft).  

 Department of Health (2017) Health Based Guidance Values for PFAS for use in Site 

Investigations in Australia (DoH 2017). 

 Food Standards Australia New Zealand (2017) Australian Guidance Values for Assessing 

Exposure to Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) 

(FSANZ 2017a). 

 New South Wales Office of Environment and Heritage Science (2017) PFAS Screening 

Criteria (NSW OEH 2017). 

Where the NEMP (2018) does not present an assessment level for a particular medium or 

exposure scenario, assessment levels presented in other guidelines have been adopted, 

including: 

 Food Standards Australia New Zealand (2017) Perfluorinated Chemicals in Food (FSANZ 

2017b). 

 Environment and Climate Change Canada (2017) Canadian Environmental Protection Act 

1999, Draft Federal Environmental Quality Guidelines Perfluorooctane Sulfonate (PFOS) 

(ECCC 2017) (currently in draft format). 

7.2 Comments on guidelines adopted 

The NEMP (2018) includes interim soil assessment levels for both direct and indirect exposure 

of soil to ecology which are based upon the Canadian ECCC (2017) draft guidelines. The NEMP 

(2018) recommends that further research be conducted to review these values for the Australian 

context. On this basis, and noting that the ECCC (2017) guidelines are yet to be finalised, the 

ecology based interim soil assessment levels have not been included in the Consolidated DSI 

report. It is also noted that the interim soil assessment level for indirect ecological exposure is 

based on coarse soil and therefore may not be appropriate for the Site as the near-surface soils 

typically comprised silt or clay fractions.   

Notwithstanding the above, based on a high-level comparison of the soil data to the interim 

ecology based soil assessment levels, the omission of these assessment levels is not 

considered to significantly alter the DSI conclusions or the areas that are to be prioritised for 

management.   

In addition to the lack of finalised ecology based soil assessment levels, it is noted that there are 

currently no Australian regulatory endorsed assessment levels for risk posed to ecology by 

PFAS in sediment.  As part of the DSI, GHD has conducted direct measurement of PFAS 

concentrations within aquatic biota (fish and crustaceans) and terrestrial biota (vegetation, 

invertebrates and animals scats) samples. This data will be used to quantitatively assess the 
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level of risk posed to ecology as part of the ERA. This approach is consistent with ANZECC 

(2000), which recommends not relying solely on chemical concentrations for assessment of risk, 

rather incorporating direct toxicity assessment and biological sampling. ANZECC (2000) states 

that “this approach will help to ensure that the water management focus keeps in view the goal 

of protecting the environment, and does not shift to merely meeting the numbers.” This is an 

important aspect in managing environmental health.  

With respect to assessing risk posed to aquatic ecological receptors within Ellen and Ki-it 

Monger Brooks, GHD has adopted the 95% species protection value presented in the draft 

NEMP (2018) for surface water samples. It is noted that the Brooks receive surface run-off from 

the Site (and surrounding areas), where a range of commercial/industrial activities occur. 

Furthermore, much of the Ellen Brook catchment has been cleared for agriculture and 

monitoring conducted by the Department of Water and Swan River Trust has identified nutrient 

concentrations within surface water of the Brook in excess of their nominated target levels 

(Department of Water and Swan River Trust 2011). It is therefore considered appropriate to 

categorise Ellen Brook as a “slightly to moderately disturbed” system and adopt the 95% 

species protection value 

The 95% species protection value was also considered to be more appropriate than the 99% 

value given that the 99% value has been derived to account for bioaccumulation within aquatic 

fauna tissue. In this regard, GHD has collected sediment, surface water and aquatic biota 

samples to characterise the environment that species inhabit. The concentrations of PFAS 

recorded within fish and crustaceans from Ellen and Ki-it Monger Brooks were some orders of 

magnitude below the ECCC (2017) Federal Fish Tissue Guideline (FFTG) level. The FFTG level 

was derived to protect fish from adverse effects of bioaccumulation of contaminants and 

therefore, the results of the biota analysis demonstrate a limited relevance of bioavailability. 

Additionally, the 99% value is below the LOR currently achievable by commercial laboratories.   

7.3 Summary of assessment levels 

Table 10 provides a summary of assessment levels adopted for the DSI. 
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Table 10 Summary of adopted PFAS assessment levels 

Sample type/location Guideline Assessment levels – Human Health Assessment levels – Ecological 

Soil at Source Areas, 
Potential Source Areas and 
non-targeted on-Site 
sampling locations 

NEMP 2018 

 

Commercial/industrial:  

PFOS + PFHxS – 20 mg/kg 

PFOA – 100 mg/kg 

- 

Soil at Lot 200, off-Site 
private residential 
properties, on-Site 
childcare centre 

NEMP 2018 Residential: 

PFOS + PFHxS – 0.009 mg/kg 

PFOA – 0.1 mg/kg 

-  

Surface water in on-Site 
drainage channels, WWTP, 
West Bullsbrook drainage 
channels 

NEMP 2018 Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Surface water in Ellen 
Brook, Ki-it Monger Brook, 
Twin Swamps Nature 
Reserve 

NEMP 2018 Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

95% species protection level for slightly- 
moderately disturbed systems: 

PFOS – 0.13 µg/L 

PFOA – 220 µg/L 

Groundwater on-Site NEMP 2018 Non-potable and recreational use:  

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Groundwater at private 
properties, in West 
Bullsbrook and Lot 200 

NEMP 2018 Drinking water:  

PFOS + PFHxS – 0.07 µg/L 

PFOA – 0.56 µg/L 

Non-potable and recreational use: 

PFOS + PFHxS – 0.7 µg/L 

PFOA – 5.6 µg/L 

- 

Aquatic biota  Human health levels 
derived from FSANZ 
2017b 

 

Ecological levels derived 
from ECCC 2017 

Finfish: 

PFOS + PFHxS – 0.0052 mg/kg 

PFOA – 0.041 mg/kg 

Crustaceans: 

PFOS + PFHxS – 0.065 mg/kg 

PFOA – 0.52 mg/kg 

Fish: 

PFOS – 8.3 mg/kg  
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Sample type/location Guideline Assessment levels – Human Health Assessment levels – Ecological 

Terrestrial biota - N/A Factual presentation of data only.  The data will 
be evaluated with respect to a site-specific food 
web model within the ERA. 

Edible produce FSANZ 2017b Fruit: 

PFOS + PFHxS – 0.0006 mg/kg or LOR 

PFOA – 0.0051 mg/kg 

Vegetables: 

PFOS + PFHxS – 0.0011 mg/kg or LOR 

PFOA – 0.0088 mg/kg 

Poultry eggs: 

PFOS + PFHxS – 0.011 mg/kg or LOR 

PFOA – 0.085 mg/kg 

N/A 
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8. Field results  

8.1 Geology 

The geology encountered within the Investigation Area was generally dominated by a 

succession of brown silty clays over a sandier basal unit. Within the upper clay rich unit, various 

lenses of gravelly clay and silty sand were also identified. The distribution of these lenses was 

variable between the drilling locations and could not be correlated to represent a single 

widespread lateral unit. Iron cemented silts and clays were found at various locations that are 

colloquially referred to as “coffee rock” and are associated with the existing/historic water table.  

The clay rich unit was thickest to the east of the Investigation Area, where topographic elevation 

is greater (refer to Section 4.2) and thinned towards the west, where elevation is lower. At 

monitoring wells located near the eastern Site boundary (e.g. SC_MW07, SD_MW13, 

SK_MW45, SN_MW46 and BW_MW16), the clay layer was between approximately 12 and 19 

m in thickness with occasional sandy lenses. At wells near the western Site boundary, close to 

Ellen Brook (e.g. BW_MW15, BW_MW22S&D, BW_MW23S&D and MW_MW24S&D) and 

within the West Bullsbrook area (e.g. WB_MW26, WB_MW29S&D, WB_MW30SSD and 

SO_MW47) the ground conditions were sandier, with a clay rich layer of between approximately 

1 and 4 m thickness.   

The sand rich layer underlying the clays was intersected in the majority of monitoring well 

locations. The sand was found to be silty to clayey and generally grey to mottled brown. Drilling 

ceased within this unit in the majority of locations and as such, its total depth at the Site is 

unknown. The basal sand-dominant unit 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). However, nearby DWER drilling logs 

(WIN bore 20083199) describe a similar unit as being Bassendean Sand.   

It is noted that in the majority of drilling locations, the upper clay-dominant units were found to 

be dry to moist, whereas the basal sand-dominant unit that forms the superficial regional aquifer 

was found to be saturated. Following first water strike in this unit, groundwater levels were noted 

to rise several metres, indicating confined/partly confined conditions. This is consistent with the 

anticipated low permeability of the overlying clay unit. 

Cross sections summarising the interpretation of the geology intersected within the Investigation 

Area are presented as Figure 8a and Figure 8b. The transects that the cross-sections represent 

are presented on Figure 6a. Lithological bore logs, including monitoring well installation and 

survey details are presented in Appendix E.    

8.2 Hydrogeology 

8.2.1 Aquifer types 

Based on the results of the DSI and for the purposes of this Consolidated DSI report, GHD has 

adopted the following terminology to describe the hydrogeology of the Investigation Area: 

 “Perched aquifer” refers to seasonal unconfined groundwater held above the water table 

by a layer of impermeable material (e.g. clay), present within localised areas.  

 “Regional aquifer” refers to the superficial aquifer that is present throughout the 

Investigation Area, as described in Section 4.4. This aquifer is considered to be the likely 

source of groundwater used by the community in the area surrounding the base. 

Monitoring wells installed as part of the DSI have targeted two portions of the regional 

aquifer, namely: 
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o “Shallow portions of the regional aquifer” which refers to a depth of approximately 6 m 

below the encountered level of the regional aquifer. 

o “Deeper portions of the regional aquifer” which refers to a depth of approximately 24 

to 30 m bgl.   

8.2.2 Monitoring well installation  

Monitoring well construction details (including those installed during GHD’s investigation and 

those installed by others where available from previous reports) including co-ordinates, 

elevation, screen interval and depth are presented in Table F1, Appendix F. Monitoring well 

construction logs are presented in Appendix E. Table 11 presents a summary of the aquifers 

targeted by the wells installed by GHD and by others and the average screen intervals. The 

monitoring well locations are presented on Figure 13.    

Table 11 Summary of monitoring well installation 

Aquifer Monitoring wells Average screen interval (m 

bgl) 

Perched aquifer WA0067-MW052, WA0067-

MW053, WA0067-MW055 

and WA0067-MW15 

0.7 to 5 

Regional aquifer – shallow 

portion 

BW_MW14 to BW_MW21, 

BW_MW22S, BW_MW23S, 

BW_MW24S, GM_MW36 to 

GM_MW39, GM_MW40S, 

PG_MW31, PG_MW32S to 

PG_MW35S, PMW02, 

PMW05, SA_MW01, 

SA_MW02, SB_MW03 to 

SB_MW05, SC_MW07 to 

SC_MW10, SD_MW12, 

SD_MW13, SF_MW41, 

SG_MW42, SH_MW43, 

SJ_MW44, SO_MW47, 

SO_MW48, SS_MW49, 

SS_MW50, WB_MW25S, 

WB_MW26, WB_M27, 

WB_MW28S, WB_MW29S 

and WB_MW30S 

9.0 to 14.4 

Regional aquifer – deeper 

portion 

BW_MW22D to 

BW_MW24D, GM_MW40D, 

PG_MW32D to PG_MW35D, 

WB_MW25D and 

WB_MW28D to WB_MW30D 

23.9 to 29.9 
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8.2.3 Groundwater levels and flow direction 

Regional aquifer 

The September/October 2017 groundwater monitoring round provided the opportunity to record 

groundwater levels in all 62 groundwater monitoring wells installed by GHD that targeted the 

regional aquifer. A supplementary groundwater gauging round, consisting of the gauging of 48 

monitoring wells that targeted the regional aquifer, was also completed in March 2018.  

In September/October 2017, the depth to groundwater ranged from 0.37 m bgl at WB_MW28S, 

located in Lot 200, West Bullsbrook to 16.49 m bgl at SS_MW50, located near the eastern Site 

boundary. In March 2018, groundwater depth ranged from 1.60 m bgl at GM_MW40D, at the 

southern Site boundary, to 16.48 m bgl at SS_MW50. On average, the groundwater levels were 

0.94 m lower in March 2018 compared to September/October 2017. Based upon the recorded 

depths and top-of-well casing survey data, groundwater levels were calculated relevant to AHD. 

These are presented in Table F1, Appendix F, along with a summary of the monitoring well 

construction details.   

Cross sections summarising the interpreted groundwater levels and flow directions within the 

Investigation Area are presented as Figure 8a and Figure 8b. The transects that the cross-

sections represent are presented on Figure 6a. 

Regional aquifer – shallow portion 

With reference to Table 11, 50 groundwater monitoring wells target the shallow portion of the 

regional aquifer (i.e. an average screened interval of 9 m to 14.4 m bgl). Groundwater contours 

interpolated from the gauging of these wells are presented on Figure 6a (September/October 

2017 monitoring event) and Figure 7a (March 2018 gauging event). The contours interpolated 

from each event are generally consistent, indicating that seasonality has limited influence on 

groundwater flow directions within the Investigation Area.   

The contours indicate that 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 (i.e. monitoring wells BW_M18, BW_MW19, GM_MW39 and 

GM_MW40S), groundwater appears to flow in a more southerly direction. In the vicinity of 

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 (i.e. 

monitoring wells SB_MW03, SB_MW04, BW_MW17, SS_MW49 and SS_MW50). The 

interaction between groundwater and surface water within the Brooks is discussed further in 

Section 8.3. 

Beneath the West Bullsbrook area, groundwater is generally flowing in an easterly to south-

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

Area R (the RAAF Pearce landfill), groundwater flow is towards the west.  

The measured groundwater contours are broadly consistent with the groundwater contours 

published by DWER (refer to Figure 5) and the topography of the Investigation Area (refer to 

Figure 2).   

The horizontal hydraulic gradient across the airfield ranges from between approximately 0.003 

in the southern portion to approximately 0.006 in the central portion. Within the area of the 

administration buildings to the east of the Site (i.e. around Source Area C; hangar 93 and foam 

disposal pit and Source Area D; grounds maintenance area), there is a general flattening with a 

gradient of approximately 0.002. Beneath the bushland to the north of the airfield, there appears 

to be a steeper gradient of approximately 0.01. The calculated gradients are generally aligned 

with the topography of the Site (refer to Figure 2).   
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Regional aquifer – deeper portion 

With reference to Table 11, 12 groundwater monitoring wells targeted the deeper portion of the 

regional aquifer (i.e. an average screened interval of 23.9 to 29.9 m bgl). Groundwater contours 

interpolated from the gauging of these 12 wells are presented on Figure 6b (September/October 

2017 monitoring event) and Figure 7b (March 2018 gauging event) and are broadly consistent 

with the contours derived from the gauging of the wells that target the shallow portion of the 

regional aquifer. The contours indicate that groundwater beneath the central and central-

western portion of the Site (i.e. monitoring wells BW_MW22D, BW_MW23D and PG_MW32 to 

PG_MW34D) is flowing in a south-westerly direction. Within the south-western portion of the 

Site (i.e. monitoring wells PG_MW24D, PG_MW35D and GM_MW40D) groundwater flow 

appears to be southerly to south-easterly, based upon the levels gauged in these deeper wells.   

Perched aquifer 

Groundwater levels in four of the existing shallow monitoring wells (less than 6 m depth) 

installed by others during previous investigations were measured during the October 2016, 

December 2016, September/October 2017 and March 2018 monitoring rounds. The four wells 

(WA0067-MW052, WA0067-MW053, WA0067-MW055 and WA0067-MW15) are all located 

relatively close together in Source Area A (fire training area). Bore logs for these wells are also 

included in Appendix E.    

It is noted that the depth to groundwater measured in the wells installed by GHD (targeting the 

regional aquifer) in this area (i.e. SA_MW01 and SA_MW02) was between 7.99 and 8.56 m bgl, 

compared to between 1.01 and 5.84 m bgl in the existing shallow wells. The variable water 

levels of the existing shallow wells, their tendency to dry out (based on ERM 2013) and the 

significant difference in groundwater levels compared to the wells installed by GHD supports the 

theory of a localised perched water table in this area. This is likely a result of the significant clay 

content of the Guilford Formation limiting the vertical migration of infiltration. In this respect and 

with reference to Section 9.1.1, soil samples collected from Source Area A (fire training area) 

comprised an average clay content of 24%, with a maximum of 51% clay (the highest recorded 

on the Site).   

In addition to the four existing shallow wells described above, a number of existing groundwater 

wells are also located across the Site that were installed for other purposes and target the 

seasonally perched groundwater table. As the DSI targeted the regional aquifer (deemed to be 

the likely source of groundwater used by the surrounding community), these shallow 

groundwater wells were not considered to be suitable to meet the objectives of the DSI and 

were therefore not gauged for the purpose of deriving groundwater contours (though some were 

sampled for PFAS such as those within Source Area A; fire training area). Additionally, at the 

time of GHD's investigations, most of these shallow wells were found to be dry and therefore 

could not be used for assessment of flow direction.   

8.2.4 Hydraulic conductivity tests 

In order to assess the hydraulic properties and permeability of the aquifer, hydraulic aquifer 

tests (“slug tests”) were undertaken on a selection wells following groundwater sampling during 

the December 2016 and September/October 2017 monitoring events. The tests were performed 

on wells that targeted the shallow and deeper portions of the regional aquifer in the source 

areas and at the site boundary, as summarised in Table 12.  
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Table 12 Summary of slug testing events 

Test event Wells tested 

December 2016 BW_MW14, BW_MW15, BW_MW19, 

BW_MW20, BW_MW21, SA_MW02, 

SB_MW03, SB_MW04, SC_MW10 and 

SD_MW12 

October 2017 BW_MW23S, BW_MW23D, BW_MW24S, 

BW_MW24D, WB_MW28S, WB_MW28D, 

BW_MW34S and PG_MW34D.  

A summary of the calculated aquifer properties is presented in Table 13. An average hydraulic 

conductivity of 0.5 m/d was calculated with some results in excess of 1 m/d. No significant 

difference in averaged hydraulic conductivities was noted between shallow and deep wells. 

These values equate to a formation description of clay to very fine sand (Davidson 1995) and 

are broadly comparable to the adopted hydraulic conductivity for the Guilford Clay as used in 

the Perth Regional Aquifer Modelling System (PRAMS) model of <1.0 m/d to 10 m/d (Silberstein 

et al 2009). The hydraulic conductivity values are also similar to those presented in the ERM 

(2013) report; although the source of their results was not presented.  

In seven of the wells (SB_MW03, BW_MW15, BW_MW20, BW_MW23S, BW_MW24S, 

BW_MW24D and BW_MW28S), the groundwater response was too rapid to allow an accurate 

determination of aquifer properties. In these wells, which were screened within sandy clays and 

clayey sands, an estimated hydraulic conductivity of greater than 1 m/d can be expected. In 

formations that are this permeable, more accurate aquifer properties could be derived through 

analysis of pumping test data on test production bores (not available for the Site). 

Based on the range of hydraulic conductivities recorded, a horizontal groundwater velocity 

range in the region of <1 to 10 m per year was calculated. This was based on an average 

groundwater gradient beneath the airfield of 0.004 (as discussed in Section 8.2.3) and an 

effective porosity of 0.2. The flow velocity is significantly less than that reported for the regional 

aquifer in general, for example Davidson (1995) suggests a typical velocity in a superficial 

aquifer as 50 m/year to 150 m/year. This is deemed to be due to the finer grained Guildford 

Formation found at the Site limiting the movement of groundwater.  

Table 13 Hydraulic aquifer test results 

Well ID Portion of the 
regional aquifer 

k (m/day) k (m/second) 

SA_MW02 Shallow 0.30 3.5E-06 

SB_MW03 Shallow Higher permeability*, estimated k > 1 m/d 

SB_MW04 Shallow 0.07 8.1E-07 

SC_MW10 Shallow 0.05 5.8E-07 

SD_MW12 Shallow 0.03 3.5E-07 

BW_MW14 Shallow 0.05 5.8E-07 

BW_MW15 Shallow Higher permeability*, estimated k > 1 m/d 

BW_MW19 Shallow 0.20 2.3E-06 

BW_MW20 Shallow Higher permeability*, estimated k > 1 m/d 

BW_MW21 Shallow 0.06 6.9E-07 

BW_MW23S Shallow Higher permeability*, estimated k > 1 m/d 

BW_MW23D Deep 0.37 4.3E-06 

BW_MW24S Shallow Higher permeability*, estimated k > 1 m/d 
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Well ID Portion of the 
regional aquifer 

k (m/day) k (m/second) 

BW_MW24D Deep Higher permeability*, estimated k > 1 m/d 

WB_MW28S Shallow Higher permeability*, estimated k > 1 m/d 

WB_MW28D Deep 0.26 3.0E-06 

PG_MW34S Shallow 0.01 1.1E-07 

PG_MW34D Deep 0.02 2.2E-07 

k = hydraulic conductivity 

* Rapid recovery of groundwater levels during slug tests. Data unsuitable for detailed analysis, indicating a k in excess 

of 1 m/d 

8.2.5 Summary of Hydrogeology 

Table 14 summarises the hydrogeology identified within the Investigation Area.  

Table 14 Summary of Investigation Area hydrogeology  

Characteristic Summary 

Perched aquifer 

Geological Unit Guildford Formation  

Aquifer type Unconfined perched 

Description A discontinuous perched aquifer within the upper portion of the 

Guildford Formation as a direct consequence of the presence of 

low permeability sediments and restricted vertical infiltration to the 

underlying aquifer. 

Geology Clay rich layer with various lenses of gravelly clay and silty sand. 

The distribution of these lenses was variable between the drilling 

locations and could not be correlated to represent a single 

widespread lateral unit.  

Approximate depth Increasing in thickness from the West Bullsbrook area and 

western Site boundary (up to 4 m bgl) to the eastern boundary of 

the Investigation Area (up to 19 m bgl). 

Distribution Discontinuous and likely seasonally dependent. The perched 

aquifer was only gauged and sampled using four existing 

monitoring wells within Source Area A (fire training area, 

monitoring wells WA0067-MW052, WA0067-MW053., WA0067-

MW055 and WA0067-MW15).  

Regional aquifer 

Geological Unit Guildford Formation  

Aquifer type Confined or partly confined.  

Description A sand rich layer underlying the clay rich layer of the perched 

aquifer was observed in the majority of monitoring well locations. 

The sand was found to be silty to clayey and generally grey to 

mottled brown.  
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Characteristic Summary 

Distribution Present throughout the Investigation Area.  

Approximate depth Encountered beneath the clay rich layer at all monitoring well 

locations. Drilling ceased within this unit in the majority of 

locations and as such, its total depth is unknown.   

Flow direction Beneath the Site, flow is generally south-westerly towards Ellen 

Brook though with some localised variation, such as within the 

south-eastern portion of the Site.  

Gradient Ranging from approximately 0.002 beneath the administration 

buildings to the east of the Site to 0.01 beneath the bushland 

north of the airfield.  

8.3 Surface water gauging 

8.3.1 Surface water levels 

To assist in assessing the interactions between groundwater and surface water in Ellen and Ki-it 

Monger Brooks, surface water levels were measured at seven gauging locations, as shown on 

Figure 13, in both September/October 2017 and March 2018. Cross-sections of the brooks were 

also surveyed at each gauging location, to enable an assessment of groundwater levels at 

nearby wells relative to the base of the brooks. The raw gauging and survey data is presented in 

Appendix B, along with photographs of the gauging locations in both September/October 2017 

and March 2018. 

Table 15 presents a summary of the surface water levels recorded at each gauging location 

Table 15 Summary of surface water level gauging  

Gauging 

location 

Gauging 

period 

Gauging 

method 

Minimum 

level (m 

AHD) 

Maximum (m 

AHD) 

Average (m 

AHD) 

RE_SG01 13/09/17 – 

12/10/17 

Continuous data 

logger 

31.967 32.798 32.155 

13/03/18 One manual 

reading 

Dry 

RE_SG02 13/09/17 – 

11/10/17 

Continuous data 

logger 

30.667 31.397 31.865 

13/03/18 One manual 

reading 

Dry 

RE_SG03 13/09/17 One manual 

reading 

30.222 

13/03/18 One manual 

reading 

Dry 

RE-SG04 13/09/17 One manual 

reading 

29.359 
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Gauging 

location 

Gauging 

period 

Gauging 

method 

Minimum 

level (m 

AHD) 

Maximum (m 

AHD) 

Average (m 

AHD) 

13/03/18 One manual 

reading 

Dry 

RE-SG05 13/09/17 – 

12/10/17 

Continuous data 

logger 

27.885 28.476 28.038 

13/03/18 One manual 

reading 

Dry 

RK_SG01 13/09/17 – 

20/10/17  

Four manual 

readings 

36.598 36.62 36.607 

13/03/18 One manual 

reading 

Dry 

RK_SG02 13/09/17 – 

9/10/17 

Continuous data 

logger 

31.002 31.505 31.075 

13/03/18 One manual 

reading 

Dry 

Figure A is a graphical presentation of the raw stream gauging data for the period of 13 

September 2017 to 20 October 2017. The peaks between approximately 23 and 30 September 

2017 are likely an expression of increased rainfall, noting that 57.2 mm of rainfall was recorded 

at the RAAF Pearce meteorological monitoring station between 20 and 29 September 2017 

(refer to Appendix B). No surface water was observed at any of the seven gauging locations at 

the 13 March 2018 gauging event.   

 

Figure A Surface water level gauging data 

8.3.2 Surface water and groundwater interactions 

Table 16 presents a summary of the potential surface water and groundwater interactions based 

upon the measured surface water levels and groundwater levels in the monitoring wells installed 
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adjacent to the Brooks. Surface water levels and groundwater levels gauged on the same date 

have been compared where possible, as indicated in the table.    

Table 16 Surface water and groundwater interactions 

Surface 

water 

gauging 

location 

Min. 

Brook 

base level 

(m AHD) 

Gauging 

date 

Surface 

water level 

(m AHD) 

Adjacent 

groundwater 

well 

Adjacent 

groundwater  

level (m 

AHD) 

Water level 

difference 

(m) 

RE_SG01 30.80 10/10/17 32^ WB_MW25S 31.69  +ve 

13/03/18 Dry WB_MW25S 30.61 ND 

RE_SG02 30.27 04/10/17 30.81^ BW_MW22S 31.0  -ve 

13/03/18 Dry BW_MW22S 29.67 ND 

RE_SG03 29.37 13/09/17 30.22  BW_MW23S 30.60  -ve 

13/03/18 Dry BW_MW23S 29.27 ND 

RE_SG04 28.61 13/09/17 29.36  BW_MW24S 29.70  -ve 

13/03/18 Dry BW_MW24S 28.15 ND 

RE_SG05 27.20 18/09/17 27.90^ BW_MW20 28.62  -ve 

13/03/18 Dry BW_MW20 27.49 ND 

RK_SG01 36.23 13/09/17 36.62  BW_MW18 32.40  +ve 

13/03/18 Dry BW_MW18 32.06 ND 

RK_SG02 30.73 18/09/17 31.02^ BW_MW19 30.71  +ve 

13/03/18 Dry BW_MW19 29.48 ND 

^average surface water level recorded by continuous data loggers over the 24 hour period of the date indicated 

+ve = surface water level higher than the groundwater level in the adjacent well  

-ve = surface water level lower than the groundwater level in the adjacent well 

ND = Not determined due to absence of a measurable surface water level  

Post-winter conditions 

Based on the September/October 2017 data, it appears that during and after wet periods (i.e. 

winter and post-winter), Ellen Brook generally receives groundwater (i.e. is a ‘gaining’ brook), 

possibly with the exception of the portion adjacent to the northern end of the Site near gauging 

location RE_SG01, where the groundwater was approximately 0.31 m lower than the surface 

water level, suggesting that surface water may be discharging to groundwater. This is supported 

by the plotted regional aquifer (shallow portion) groundwater contours (refer to Figure 6a).  

Surface water levels within Ki-it Monger Brook in September 2017 were greater than the 

groundwater level recorded at the nearby monitoring wells (i.e. a difference of 0.31 m based on 

BW_MW19 and 4.22 m based on GM_MW18) suggesting that the Brook is potentially 

discharging surface water to groundwater (i.e. is potentially a ‘losing’ brook) during and after wet 

periods. The interpreted regional aquifer (shallow portion) groundwater contours (refer to Figure 
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6a) indicate that groundwater flows in a general southerly direction beneath the portion of Ki-it 

Monger Brook extending between monitoring wells BW_MW18 and GM_MW40S/D. Upstream 

of BH_MW18, between this monitoring well and the eastern Site boundary, the interpreted 

contours suggest that groundwater is flowing beneath the Brook towards the south-east.  

Cross-sections summarising the interpreted interactions between groundwater and Ellen and Ki-

it Monger Brooks during post-winter conditions are presented as Figure 8a and Figure 8b. The 

transects that the cross-sections represent are presented on Figure 6a. Post-summer conditions 

Post-summer conditions 

At the March 2018 gauging event, no surface water was observed within Ellen Brook or Ki-it 

Monger Brook at all seven gauging locations. Additionally, groundwater levels measured at the 

monitoring wells adjacent to each surface water gauging location were generally lower than the 

minimum elevation of the brook base at each gauging location. This suggests that during post-

summer conditions when groundwater levels are lower, groundwater does not discharge to 

Ellen or Ki-it Monger Brooks rather, it flows beneath them.    

The surveyed cross-sections of the Brooks relative to measured surface water and groundwater 

levels at gauging locations RK_SG01, RK_SG_02, RE_SG02 and RE_SG03 are plotted as 

Figures B to E below. These plots, as well as plots for the other four gauging locations, are 

included in Appendix B.   

Overall, the groundwater and surface water level data obtained 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.   
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Figure B Summary of surface water and groundwater levels at Ki-it Monger 

Brook gauging location RK_SG01 

 

Figure C Summary of surface water and groundwater levels at Ki-it Monger 

Brook gauging location RK_SG02 
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Figure D Summary of surface water and groundwater levels at Ellen Brook 

gauging location RE_SG02 

 

Figure E Summary of surface water and groundwater levels at Ellen Brook 

gauging location RE_SG03 
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8.4 Surface water physicochemical parameters 

8.4.1 On-site drainage channels 

The physicochemical parameters recorded in surface water collected from the on-Site drainage 

channels are presented in Table F2, Appendix F. The parameters are summarised in Table 17 

and as follows: 

 Electrical conductivity (EC) concentrations indicate that the surface water is fresh.   

 Oxidising conditions were dominant.  

Table 17 Summary of surface water physical parameters – on-Site drainage 

channels 

Parameter Minimum Maximum Average 

Dissolved oxygen 
(mg/L) 

6.52 13.18 8.6 

Electrical conductivity 
(µS/cm) 

65.8 304.1 136 

Oxidation-reduction 
potential (mV) 

32.2 110.2 62 

Temperature (°C) 13.7 20.2 17 

8.4.2 West Bullsbrook drainage channels 

The physicochemical parameters recorded in surface water collected from the West Bullsbrook 

drainage channels are presented in Table F3, Appendix F. The parameters are summarised in 

Table 18 and as follows: 

 pH was generally neutral.  

 EC concentrations indicate that the surface water is fresh.   

 Oxidising conditions were dominant.  

Table 18 Summary of surface water physicochemical parameters – West 

Bullsbrook drainage channels 

Parameter Minimum Maximum Average 

pH 6.74 7.33 7 

Dissolved oxygen 
(mg/L) 

5.2 7.69 6.4 

Electrical conductivity 
(µS/cm) 

394.5 702 463 

Oxidation-reduction 
potential (mV) 

63.4 90.4 80 

Temperature (°C) 12.8 14.9 14 

8.4.3 Ellen and Ki-it Monger Brooks 

The physicochemical parameters recorded in surface water collected from Ellen and Ki-it 

Monger Brooks are presented in Table F4, Appendix F. The parameters are summarised in 

Table 19 and as follows: 

 pH was slightly basic.   

 TDS concentrations indicate that the surface water is fresh to brackish.   

 Oxidising conditions were dominant.  
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Table 19 Summary of surface water physicochemical parameters – Ellen and 

Ki-it Monger Brooks 

Parameter Minimum Maximum Average 

Ellen Brook 

pH 7.18 8.37 7.37 

Dissolved oxygen 
(mg/L) 

3.3 8.84 6.40 

Electrical conductivity 
(µS/cm) 

178.9 2,471 1,335 

Total dissolved solids 
(mg/L) 

598 1,833 1,388 

Oxidation-reduction 
potential (mV) 

31.9 90.5 65.75 

Temperature (°C) 16 22 18.3 

Ki-it Monger Brook 

pH 7.2 8.73 7.71 

Dissolved oxygen 
(mg/L) 

5.54 13.86^ 8.97 

Electrical conductivity 
(µS/cm) 

199.5 1,361 792.6 

Total dissolved solids 
(mg/L) 

578 949 684.6 

Oxidation-reduction 
potential (mV) 

30.8 97.1 54.99 

Temperature (°C) 11.5 24.7 15.94 

Note: ^a higher dissolved oxygen value was recorded at location RK_SW14 (51.5) however, this is considered to 

be an anomaly and has therefore been excluded from the summary of dissolved oxygen values present.  

8.4.4 Twin Swamps Nature Reserve (Potential Source Area M) 

The physicochemical parameters recorded in surface waters of Twin Swamps Nature Reserve 

are presented in Table F4, Appendix F. The parameters are summarised in Table 20 and as 

follows: 

 pH was slightly basic.   

 EC concentrations indicate that the surface water is fresh.  

Table 20 Surface water physicochemical parameters – Twin Swamps Nature 

Reserve 

Parameter Sampling location 

TS01 TS02 

pH 7.66 7.25 

Dissolved oxygen (mg/L) 8.45 6.37 

Electrical conductivity 
(µS/cm) 

748 712 

Temperature (°C) 18.5 16.1 
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8.5 Groundwater physicochemical parameters  

8.5.1 On-Site wells 

The physicochemical parameters recorded in groundwater collected from the on-Site monitoring 

wells are presented in Table F5, Appendix F. The parameters are summarised in Table 21 and 

as follows: 

 The pH of groundwater was generally slightly acidic. 

 TDS concentrations indicate that the groundwater on-Site is fresh to brackish.  

 Oxidation-reduction potential was variable, though was slightly oxidising on average.  

Table 21 Summary of on-Site groundwater physical parameters 

Parameter Minimum Maximum Average 

pH 4.13 9.75^ 6.13 

Dissolved oxygen 
(mg/L) 

0.51 4.87 1.71 

Electrical conductivity 
(µS/cm) 

289.9 11,120 3,383 

Total dissolved solids 
(mg/L) 

224.9 6,097 2,469 

Oxidation-reduction 
potential (mV) 

-224.8 247.4 11.56 

Temperature (°C) 17.5 28 21.77 

Note: ^higher pH values were recorded at BW_MW21 (10.64), GM_MW40S (12.3) and SS_MW50 (12.32) 

however, these are considered to be anomalies and have therefore been excluded from summary of pH values 

presented.   

8.5.2 Off-Site wells 

The physicochemical parameters recorded in groundwater collected from the off-Site monitoring 

wells are presented in Table F6, Appendix F.  The parameters are summarised in Table 22 and 

as follows: 

 The pH of groundwater was generally slightly basic.   

 EC concentrations indicate that the groundwater off-Site is fresh to brackish.  

 Oxidation-reduction potential was variable, though conditions were reducing on average.  

Table 22 Summary of off-Site groundwater physicochemical parameters 

Parameter Minimum Maximum Average 

pH 6.06 9.47 7.55 

Dissolved oxygen 
(mg/L) 

0.11 2.17 1.05 

Electrical conductivity 
(µS/cm) 

443.8 8,130 2,304 

Oxidation-reduction 
potential (mV) 

-175.4 63.2 -76.51 

Temperature (°C) 19 22.3 20.16 
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8.5.3 Private bores  

The physicochemical parameters recorded in groundwater collected from the off-Site private 

bores are presented in Table F7, Appendix F. The parameters are summarised in Table 23 and 

as follows: 

 The pH of groundwater was on average slightly basic.    

 TDS concentrations indicate that the groundwater off-Site is fresh to brackish.  

 Oxidation-reduction potential was variable, though was slightly reducing on average.  

Table 23 Summary of private bores groundwater physical parameters 

Parameter Minimum Maximum Average 

pH 5.04 8.29 7.39 

Dissolved oxygen 
(mg/L) 

0.13 8.84 2.34 

Electrical conductivity 
(µS/cm) 

1.16 4,545 928.4 

Total dissolved solids 
(mg/L) 

52.6 3,172 640.9 

Oxidation-reduction 
potential (mV) 

-226.2 705 20.15 

Temperature (°C) 14.6 39.1 24.52 
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9. Analytical results 

9.1 Soil analytical results  

Soil analytical results are presented as Tables F8 to F26 in Appendix F. The laboratory reports, 

sample receipt notifications (SRNs) and CoC documentation are presented in Appendix G.  All 

soil sampling locations are presented on Figure 11.  

9.1.1 Soil characteristics 

Three hundred and seventy-two soil samples collected across the Investigation Area were 

analysed for physical properties including clay content, TOC, CEC and pH. The results are 

presented in Table F8, Appendix F and are summarised in Table 24.  

Table 24 Summary of soil characteristics  

Analyte No. of results Minimum Maximum Average 

Clay content (%) 73 1 51 20 

TOC (%) 354 <0.5 20.9 0.91 

CEC 
(meq/100g) 

70 0.4 27.2 5.1 

pH  75 4.1 7.9 5.7 

TOC = Total organic carbon 

CEC = cation exchange capacity (milliequivalent per 100 g) 

With reference to Table F8, the physical property analysis indicates the following: 

 Clay content was highest within Source Area A (fire training area), where samples 

comprised a maximum of 51% and an average of 24% clay. Soils in Source Area B 

(former fire training areas; maximum of 41% and an average of 26.6%), Source Area D 

(grounds maintenance area; maximum of 41% and an average of 26.67%) and Source 

Area C (hangar 93 and foam disposal pit; maximum of 38% and an average of 20.5%) 

also had higher clay content than other portions of the Site. The background and non-

targeted samples had a maximum clay content of 12% and the samples collected from 

Lot 200 in West Bullsbrook had a maximum clay content of 13%.  

 The higher clay content within the Source Areas compared to other area within the 

Investigation Area supports the presence of a seasonal perched aquifer (noting that the 

majority of samples analysed were collected between 0.1 and 1.5 m bgl) and indicates a 

limited potential for vertical migration of PFAS from the surface to the deeper soil profile 

and the regional superficial aquifer.   

 TOC was highest at the childcare centre (a maximum of 20.9% and an average 7.9%) 

which is consistent with the observed landscaping in the area (i.e. grassed and mulched 

surfaces). The background and non-targeted samples also had higher TOC compared to 

samples collected from the Source Areas (a maximum of 6.5% and an average of 1.56%) 

which is similar to the samples being collected from bushland and adjacent to the Brooks.    

 The Source Areas generally had relatively low TOC compared to other areas sampled in 

the Investigation Area. For example, samples collected from Source Area A (fire training 

area) had a maximum TOC of 2.7% and an average of 0.54% and samples collected from 

Source Area C (hangar 93 and foam disposal pit) had a maximum TOC of 1.8% and an 

average of 0.64%. Source Area B (former fire training areas) had slightly higher TOC 

compared to the other Source Areas, with a maximum of 3.6% and an average of 0.66%, 

which is representative of the area being comprised of bushland.   
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 CEC was highest within Lot 200 in West Bullsbrook (a maximum of 27.2 meq/100g and 

an average of 11 meq/100g).  Lower CEC was generally recorded within the Source 

Areas for example, averages of 4.78 meq/100g and 4.37 meq/100g within Source Area A 

(fire training area) and Source Area B (former fire training areas) respectively.   

 The pH of soil across the Investigation Area was generally acidic (i.e. pH of around 4 or 

5) to slightly acidic (i.e. a pH of between 6 and 7).   

 The relatively low TOC, CEC and pH values within the Source Areas suggest a limited 

potential for PFAS mobility to be reduced through binding to the soils in these areas.  

However, the elevated clay content is considered likely to act as a physical barrier and  

limit the vertical migration of PFAS to groundwater.   

9.1.2 Background soil samples 

Twelve surficial soil samples collected from areas both on-Site and off-Site that were considered 

to be representative of background conditions, specifically, unmodified areas comprising natural 

bushland, were analysed for PFAS. The sampling locations are shown on Figure 15. 

Due to the majority of the Site and Investigation Area being heavily developed or modified, 

suitable background sampling areas were difficult to identify. On-site background samples were 

collected from the bushland adjacent to Ellen and Ki-it Monger Brooks and to the north of the 

airfield. It is noted that the sampling locations close to Ellen and Ki-it Monger Brooks (e.g. BS01, 

BS02 and BS05) may have been affected by overland surface water flow from the Brooks 

during and following heavy rainfall events. Additionally, it is noted that sample BS04 was 

collected within Potential Source Area I (crash site B). This is due to the on-site background 

samples being collected prior to the development of the Phase II SAQP (GHD 2017g) when 

Potential Source Area I (crash site B) was identified.   

Given the PFAS detections within the on-site background samples, seven off-site background 

samples were collected (BS06 to BS13). The off-site samples were collected from areas that 

appeared to generally comprise unmodified natural bushland and are considered to be 

representative of background conditions within the Investigation Area, which is consistent with 

the results (i.e. all samples were non-detect for the key PFAS).   

The analytical results are presented in Table F9, Appendix F. The reported concentrations of 

PFOS + PFHxS and PFOA are summarised in Table 25.   

Table 25 Background PFAS soil concentrations 

Location ID LOR (mg/kg) PFOS + PFHxS (mg/kg) PFOA (mg/kg) 

On-site background locations 

BS01 0.0002 0.0215 <0.0002 

BS02 0.0002 0.0138 <0.0002 

BS03 0.0002 0.0004 <0.0002 

BS04 0.0002 0.0057 <0.0002 

BS05 0.0002 0.0643 0.0003 

Off-Site background locations 

BS06 0.0002 <0.0002 <0.0002 

BS07 0.0002 <0.0002 <0.0002 

BS08 0.0002 <0.0002 <0.0002 

BS09 0.0002 <0.0002 <0.0002 

BS11 0.0002 <0.0002 <0.0002 

BS12 0.0002 <0.0002 <0.0002 

BS13 0.0002 <0.0002 <0.0002 
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9.1.3 Source Area A (fire training area) 

One hundred and ninety-three primary soil samples collected from within Source Area A (fire 

training area) were analysed for PFAS. The results are presented in Table F10, Appendix F and 

are summarised in Table 26.  

Table 26 Source Area A – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 80.6 2.06 

PFOS + PFHxS <0.0002 81.5 2.27 

PFOA <0.0002 1.13 0.019 

Sum of PFAS <0.0002 81.8 2.33 

Six samples reported PFOS plus PFHxS concentrations in excess of the adopted human health 

based assessment level, as presented in Table 27. The sampling locations and results are 

shown on Figure 16a. Figure 16b and Figure 16c show the lateral extent of soil impact at the 

near-surface (0.1 m bgl) and at depth (between 0.5 m and 1.5 m bgl) respectively.   

Table 27 Source Area A – PFAS exceeding soil assessment levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 

SA_HA17 0.1 PFOS + PFHxS 81.5 

SA_HA17 0.5 PFOS + PFHxS 41.6 

SA_BH73 0.1 PFOS + PFHxS  20.5 

SA_BH73 1.5 PFOS + PFHxS 24 

SA_BH83 1.5 PFOS + PFHxS 44.5 

SA_BH88 0.1 PFOS + PFHxS 24.9^ 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level - NEMP (2018) 
soil assessment level for commercial/industrial land use 

PFOS + PFHxS 20 

PFOA 100 

^Result from duplicate sample adopted as a conservative measure 

9.1.4 Source Area B (former fire training areas) 

Sixty-two primary soil samples collected from within Source Area B (former fire training areas) 

were analysed for PFAS.  The results are presented in Table F11, Appendix F and are 

summarised in Table 28.  

Table 28 Source Area B – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 29.2 0.85 

PFOS + PFHxS <0.0002 30.1 0.90 

PFOA <0.0002 0.0703 0.0037 

Sum of PFAS <0.0002 30.6 1.4 

One sample reported a PFOS + PFHxS concentration that exceeded the adopted human health 

based assessment level, as presented in Table 29 . The sampling locations and results are 

shown on Figure 17a. Figure 17b and Figure 17c show the lateral extent of soil impact at the 

near-surface (0.1 m bgl) and at depth (between 0.5 m and 2.0 m bgl) respectively.   
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Table 29 Source Area B – PFAS exceeding soil assessment levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 

SB_HA38 0.1 PFOS + PFHxS 30.1 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level - NEMP (2018) 
soil assessment level for commercial/industrial land use 

PFOS + PFHxS 20 

PFOA 100 

9.1.5 Source Area C (Hangar 93 and foam disposal pit) 

Thirty primary soil samples collected from within Source Area C (Hangar 93 and foam disposal 

pit) were submitted for PFAS analysis. The sampling locations are presented on Figure 18. The 

results are presented in Table F12, Appendix F and are summarised in Table 30. None of the 

samples reported PFAS concentrations in excess of the adopted assessment levels.   

Table 30 Source Area C – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.2 0.022 

PFOS + PFHxS <0.0002 0.203 0.023 

PFOA <0.0002 0.0024 0.0004 

Sum of PFAS <0.0002 0.234 0.033 

9.1.6 Source Area D (grounds maintenance area) 

Twenty-nine primary soil samples collected from within Source Area D (grounds maintenance 

area) were analysed for PFAS. Results are presented in Table F13, Appendix F and Table 31.  

Table 31 Source Area D – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 296^ 12.93 

PFOS + PFHxS <0.0002 315^ 13.67 

PFOA <0.0002 4.39^ 0.16 

Sum of PFAS <0.0002 320^ 13.87 

^Result from duplicate sample adopted as a conservative measure 

Two samples reported PFOS + PFHxS concentrations in excess of the adopted human health 

based assessment level, as summarised in Table 32. The sampling locations and results are 

shown on Figure 19a.  Figure 19b and Figure 19c show the lateral extent of soil impact at the 

near-surface (0.1 m bgl) and at depth (between 0.5 m and 2.0 m bgl) respectively.   

Table 32 Source Area D – PFAS exceeding soil assessment levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 

SD_HA58 0.1 PFOS + PFHxS 59.7 

SD_HA58 0.5 PFOS + PFHxS 315^ 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level - NEMP (2018) 
soil assessment level for commercial/industrial land use 

PFOS + PFHxS 20 

PFOA 100 

^Result from duplicate sample adopted as a conservative measure 
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9.1.7 Potential Source Area E (main runway strip) 

Ten primary soil samples collected from within Potential Source Area E (main runway strip) 

were analysed for PFAS. The sampling locations are presented on Figure 20. The results are 

presented in Table F14, Appendix F and are summarised in Table 33. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 33 Source Area E – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0543 0.013 

PFOS + PFHxS <0.0002 0.0545 0.013 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS <0.0002 0.0545 0.013 

9.1.8 Potential Source Area F (fitter’s workshop)  

Four primary soil samples collected from within Potential Source Area F (fitter’s workshop) were 

analysed for PFAS. The sampling locations are presented on Figure 21. The results are 

presented in Table F15, Appendix F and are summarised in Table 34. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 34 Source Area F – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS 0.0012 0.163 0.042 

PFOS + PFHxS 0.0018 0.166 0.044 

PFOA <0.0002 0.0006 0.00025 

Sum of PFAS 0.0018 0.168 0.045 

9.1.9 Potential Source Area G (former fire training area)  

Fifteen primary soil samples collected from within Potential Source Area G (former fire training 

area) were analysed for PFAS. The sampling locations are presented on Figure 22. The results 

are presented in Table F16, Appendix F and are summarised in Table 35. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 35 Source Area G – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.105 0.0086 

PFOS + PFHxS <0.0002 0.119 0.0096 

PFOA <0.0002 0.0012 0.0002 

Sum of PFAS <0.0002 0.121 0.0099 

9.1.10 Potential Source Area H (crash site A) 

Five primary soil samples collected from within Potential Source Area H (crash site A) were 

analysed for PFAS. The sampling locations are presented on Figure 23. The results are 

presented in Table F17, Appendix F and are summarised in Table 36. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   
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Table 36 Source Area H – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0015 0.00076 

PFOS + PFHxS <0.0002 0.0015 0.00076 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS <0.0002 0.0015 0.00076 

9.1.11 Potential Source Area I (crash site B) 

Four primary soil samples collected from within Potential Source Area I (crash site B) were 

analysed for PFAS. The sampling locations are presented on Figure 24. The results are 

presented in Table F18, Appendix F and are summarised in Table 37. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 37 Source Area I – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS 0.0009 0.002 0.0013 

PFOS + PFHxS 0.0009 0.0024 0.0014 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS 0.0009 0.0024 0.0014 

9.1.12 Potential Source Area J (former fuel farm)  

Twelve primary soil samples collected from within Potential Source Area J (former fuel farm) 

were analysed for PFAS. The sampling locations are presented on Figure 25. The results are 

presented in Table F19, Appendix F and are summarised in Table 38. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 38 Source Area J – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.755 0.14 

PFOS + PFHxS <0.0002 0.859 0.16 

PFOA <0.0002 0.032 0.0031 

Sum of PFAS 0.0006 0.901 0.16 

9.1.13 Potential Source Area K (BroadSpectrum compound) 

Six primary soil samples collected from within Potential Source Area K (BroadSpectrum 

compound) were analysed for PFAS. The sampling locations are presented on Figure 26. The 

results are presented in Table F20, Appendix F and are summarised in Table 39. None of the 

samples reported PFAS concentrations in excess of the adopted assessment levels.   

Table 39 Source Area K – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS 0.0002 0.0046 0.0015 

PFOS + PFHxS 0.0002 0.0048 0.0017 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS 0.0002 0.0048 0.0023 
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9.1.14 Potential Source Area S (police dog training site) 

Six primary soil samples collected from within Potential Source Area S (police dog training site) 

were analysed for PFAS. The sampling locations are presented on Figure 32. The results are 

presented in Table F21, Appendix F and are summarised in Table 40. None of the samples 

reported PFAS concentrations in excess of the adopted assessment levels.   

Table 40 Source Area S – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.12^ 0.025 

PFOS + PFHxS <0.0002 0.1208^ 0.026 

PFOA <0.0002 0.0013 0.0003 

Sum of PFAS <0.0002 0.0556 0.015 

^Result from duplicate sample adopted as a conservative measure 

9.1.15 Childcare centre 

Ten primary soil samples collected from the on-Site childcare centre were analysed for PFAS. 

The sampling locations are presented on Figure 36. The results are presented in Table F22, 

Appendix F and are summarised in Table 41.  

Table 41 Childcare centre – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0093 0.00314 

PFOS + PFHxS <0.0002 0.014 0.00369 

PFOA <0.0002 0.0012 0.00026 

Sum of PFAS <0.0002 0.0156 0.00393 

One sample reported a PFOS + PFHxS concentration that exceeded the adopted human health 

based assessment level, as presented in Table 42.  

Table 42 Childcare centre  – PFAS exceeding soil assessment levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 

CC_HA71 0.1 PFOS + PFHxS 0.014 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level - NEMP (2018) 
soil assessment level for residential land use 

PFOS + PFHxS 0.009 

PFOA 0.1 

9.1.16 Lot 200 

Thirty-two primary soil samples collected from Lot 200 in West Bullsbrook were analysed for 

PFAS. The sampling locations are presented on Figure 33. The results are presented in 

Table F23, Appendix F and are summarised in Table 43. None of the samples reported PFAS 

concentrations in excess of the adopted assessment levels.   

Table 43 Lot 200 – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0008 0.00019 

PFOS + PFHxS <0.0002 0.0008 0.00019 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS <0.0002 0.0008 0.00019 
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9.1.17 Private properties  

Eighteen primary soil samples collected from private properties where PFAS was detected in 

groundwater used for irrigation (comprising three samples from each of six properties) were 

analysed for PFAS. The results are presented in Table F24, Appendix F and are summarised in 

Table 44. None of the samples reported PFAS concentrations in excess of the adopted 

assessment levels.   

Table 44 Private properties – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0025 0.00065 

PFOS + PFHxS <0.0002 0.0028 0.00078 

PFOA <0.0002 0.0009 0.00014 

Sum of PFAS <0.0002 0.0053 0.00092 

9.1.18 Non-targeted on-Site samples 

Fifteen primary soil samples collected from non-targeted locations, within the boundaries of the 

Site, but beyond the identified Source Areas and Potential Source Areas, were analysed for 

PFAS. The sampling locations are shown on Figure 15. The results are presented in Table F25, 

Appendix F and are summarised in Table 45. None of the samples reported PFAS 

concentrations in excess of the adopted assessment levels.   

Table 45 Non-targeted sampling – summary of PFAS soil analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS <0.0002 0.0255 0.0065 

PFOS + PFHxS <0.0002 0.0265 0.0070 

PFOA <0.0002 0.0004 0.00013 

Sum of PFAS <0.0002 0.0268 0.0071 

9.1.19 Leachability 

Ten soil samples were analysed using the Australian Standard Leaching Procedure (ASLP) to 

assess PFAS leachability. Primary soil samples reporting a range of PFAS concentrations were 

selected for ASLP. The results are presented in Table F26, Appendix F and are summarised in 

Table 46. Leachable PFOS plus PFHxS in the samples ranged from 2.17% to 12.02% of the 

total concentration, with an average of 5.92%. For PFOA, the leachable percentage ranged from 

1.37% to 10%, with an average of 5.8%. The results suggest that these PFAS may be mobile 

and have a similar leaching potential.     
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Table 46 Summary of PFAS leachability analysis 

Location Depth (m 
bgl) 

Primary sample 
concentration (mg/kg) 

Leachable concentration 
(µg/L) 

Leachable percentage 
(%) 

PFOS + 
PFHxS 

PFOA PFOS + 
PFHxS 

PFOA PFOS + 
PFHxS 

PFOA 

SA_BH107 1.0 4.81 0.007 120 0.46 2.49 6.57 

SA_BH73 0.1 20.5 0.0139 444 0.19 2.17 1.37 

SA_BH83 1.5 44.5 0.809 1,290 29.4 2.90 3.63 

SA_MW01 1.0 0.582 0.0024 47.6 0.12 8.18 5.00 

SA_MW02 0.1 0.51 0.0019 32.6 0.11 6.39 5.79 

SB_BH125 1.5 0.116 0.0002 5.96 0.02 5.14 10.00 

SB_MW04 1.0 0.559 0.0014 67.2 0.11 12.02 7.86 

SB_MW04 2.0 2.92 0.0703 276 4.12 9.45 5.86 

SD_BH131 0.1 1.13 0.0018 49 0.12 4.34 6.67 

SD_BH135 0.5 0.177 0.0023 10.8 0.12 6.10 5.22 

Figure F presents a comparison of the total PFOS plus PFHxS concentrations with the 

leachable concentrations. The Figure suggests that there is generally a positive correlation 

between the total and leachable concentrations.   

 

Figure F Comparison of total and leachable PFOS plus PFHxS  

9.2 Sediment analytical results 

Sediment analytical results are presented as Tables F27 to F29 in Appendix F. The laboratory 

reports, sample receipt notifications (SRNs) and CoC documentation are presented in Appendix 

G.  
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9.2.1 Organic carbon content 

Eighty-one sediment samples collected from the on-Site drainage channels, Ellen Brook and Ki-

it Monger Brook, the West Bullsbrook drainage channels and Twin Swamps Nature Reserve 

were analysed for TOC content, to assist in assessing the bioavailability of PFAS and its affinity 

to bind to sediments. The results are presented in Table F8, Appendix F and are summarised in 

Table 47.   

Table 47 Summary of sediment carbon content  

Area No. of samples  Total organic carbon (%) 

Minimum Maximum Average 

On-Site drainage 
channels 

20 0.25 2.4 1.16 

Ellen Brook 34 0.1 3.3 0.696 

Ki-it Monger Brook 17 0.09 2.9 0.994 

West Bullsbrook 
drainage channels 

8 0.08 11.5 2.25 

Twin Swamps 
Nature Reserve 

2 0.13 0.39 0.26 

The sediment TOC analysis indicates the following: 

 TOC content was highest in sediments within the West Bullsbrook drainage channels, 

particularly within the creek traversing Lot 200 where a maximum TOC content of 11.5% 

was recorded. This indicates a higher potential for binding of PFAS to sediments within 

this creek compared to the other waterbodies from which samples were collected and 

analysed. However, with reference to Section 9.2.3, it is noted that PFAS concentrations 

within sediments collected from this creek were generally below or marginally above the 

LOR. 

 TOC content was relatively low within the on-Site drainage channels (a maximum of 2.4% 

and an average of 1.158%) and Ellen and Ki-it Monger Brooks (average TOC contents of 

0.696% and 0.994% respectively), indicating a low potential for the binding of PFAS to 

sediments within these waterbodies. The low sediment binding potential is supported by 

the elevated PFAS concentrations detected in the surface water samples collected from 

these waterbodies (refer to Sections 9.3.1 and 9.3.4).   

 TOC content was lowest in the two samples collected from Twin Swamps Nature 

Reserve, with concentrations of 0.13% and 0.39% respectively, indicating a low potential 

for binding of PFAS to sediments within the swamps. With reference to Sections 9.2.5 

and 9.3.5, PFAS concentrations in the sediments and surface water samples collected 

from the swamps were below the LOR.  

9.2.2 On-Site drainage channels 

Twenty primary sediment samples collected from the on-Site drainage channels were analysed 

for PFAS. The sampling locations are presented on Figure 34. The results are presented in 

Table F27, Appendix F and are summarised in Table 48.  
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Table 48 On-Site drainage channels – summary of PFAS sediment analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

PFOS 0.0034 3.89 0.3737 

PFOS + PFHxS 0.0036 4 0.4032 

PFOA <0.0002 0.0237 0.0027 

Sum of PFAS 0.0036 4.08 0.422 

9.2.3 West Bullsbrook drainage channels 

Eight primary sediment samples collected from the drainage channels in West Bullsbrook were 

analysed for PFAS. This included four samples from the creek traversing Lot 200 (test locations 

WB_SS33 to WB_SS36 shown on Figure 33) and four samples from the drain traversing the 

medium-density residential settlement to the south of Lot 200 (test locations WB_SS37 to 

WBSS40 shown on Figure 33).   

The results are presented in Table F28, Appendix F and are summarised in Table 49.   

Table 49 West Bullsbrook drainage channels – summary of PFAS sediment 

analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

Lot 200 creek 

PFOS <0.0002 0.0003 0.00025 

PFOS + PFHxS <0.0002 0.0003 0.00025 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS <0.0002 0.0003 0.00025 

Residential area drain 

PFOS <0.0002 0.0003 0.0003 

PFOS + PFHxS <0.0002 0.0003 0.0003 

PFOA <0.0002 <0.0002 <0.0002 

Sum of PFAS <0.0002 0.0003 0.0003 

9.2.4 Ellen and Ki-it Monger Brooks  

Fifty-one primary sediment samples collected from Ellen and Ki-it Monger Brooks over multiple 

sampling events, as summarised in Table 50, were analysed for PFAS. The sampling locations 

are shown on Figure 35. It should be noted that the results of sampling at two of the off-Site 

sampling locations (RK_SS10 and RK_SS19) are not shown on Figure 35 at the request of the 

owner or occupant of these properties.   

Table 50 Brook sediment sampling events 

Sampling 

date 

No. locations 

monitored 

Locations monitored 

Ellen Brook 

Sept/Oct 2016 15 RE_SS01 to RE_SS09, RE_SS17, RE_SS18 and RE_SS20 to 
RE_SS23 

April 2017 6 RE_SS27 to RE_SS32 

Aug/Sept 2017 13 RE_SS01, RE_SS06, RE_SS09, RE_SS17, RE_SS18, RE_SS20, 
RE_SS23 and RE_SS27 to RE_SS32 

Ki-it Monger Brook 

Sept/Oct 2016 11 RK_SS10 to RK_SS16, RK_SS19 and RK_SS24 to RK_SS26 

Aug/Sept 2017 6 RK_SS10, RK_SS12, RK_SS15, RK_SS16, RK_SS19 and 
RK_SS24 

The results are presented in Table F29, Appendix F and are summarised in Table 51.   
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Table 51 Ellen and Ki-it Monger Brooks – summary of PFAS sediment 

analysis 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg) 

Ellen Brook 

PFOS <0.0002 0.0451 0.0037 

PFOS + PFHxS <0.0002 0.0483 0.0042 

PFOA <0.0002 0.0003 0.0001 

Sum of PFAS <0.0002 0.0487 0.0043 

Ki-it Monger Brook 

PFOS <0.0002 0.0718 0.0093 

PFOS + PFHxS <0.0002 0.0792 0.0102 

PFOA <0.0002 0.0003 0.0001 

Sum of PFAS <0.0002 0.0804 0.0103 

9.2.5 Twin Swamps Nature Reserve (Potential Source Area M) 

Two primary sediment samples collected from within the Twin Swamps Nature Reserve, also 

referred to Potential Source Area M, were analysed for PFAS. The sampling locations are 

shown on Figure 27. All PFAS were reported below the laboratory LOR in both samples. The 

results are presented in Table F29, Appendix F.   

9.3 Surface water analytical results  

Surface water analytical results are presented as Tables F30 to F33 in Appendix F. The 

laboratory reports, sample receipt notifications (SRNs) and CoC documentation are presented 

in Appendix G.  

9.3.1 On-Site drainage channels  

Twenty-seven primary surface water samples collected from the on-Site drainage channels over 

two sampling events, as summarised in Table 52, were analysed for PFAS. The sampling 

locations are shown on Figure 34.  

Table 52 On-Site drainage channels surface water sampling events 

Sampling 

date 

No. locations 

monitored 

Locations monitored 

Sept 2016 20 PD_SW01 to PD_SW20 

August 2017 7 PD_SW06, PD_SW07, PD_SW09, PD_SW11, PD_SW15, 
PD_SW17, PD_SW20 

The results are presented in Table F30, Appendix F and are summarised in Table 53.   

Table 53 On-Site drainage channels – summary of surface water analysis 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L) 

PFOS 0.04 353 51.61 

PFOS + PFHxS 0.04 377.6 64.84 

PFOA <0.01 5.94 1.14 

Sum of PFAS 0.04 480 85.03 

Twenty-five surface water samples reported PFAS concentrations in excess of the adopted 

assessment levels as summarised in Table 54. 
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Table 54 On-Site drainage channels – PFAS exceeding surface water 

assessment levels 

Location ID Sampling date Analyte Concentration (µg/L) 

PD_SW02 September 2016 PFOS + PFHxS 4.82 

PD_SW04 September 2016 PFOS + PFHxS 1.72 

PD_SW05 September 2016 PFOS + PFHxS 34.7 

PD_SW06 September 2016 PFOS + PFHxS 159.2 

August 2017 PFOS + PFHxS 92.2 

PD_SW07 September 2016 PFOS + PFHxS 377.6 

August 2017 PFOS + PFHxS 424 

PFOA 5.94 

PD_SW08 September 2016 PFOS + PFHxS 124.7 

PD_SW09 September 2016 PFOS + PFHxS 129 

August 2017 PFOS + PFHxS 36.8 

PD_SW10 September 2016 PFOS + PFHxS 109.4 

PD_SW11 September 2016 PFOS + PFHxS 100.2 

August 2017 PFOS + PFHxS 25.3 

PD_SW12 September 2016 PFOS + PFHxS 90.9 

PD_SW13 September 2016 PFOS + PFHxS 71 

PD_SW14 September 2016 PFOS + PFHxS 39.2 

PD_SW15 September 2016 PFOS + PFHxS 39.1 

August 2017 PFOS + PFHxS 18.2 

PD_SW16 September 2016 PFOS + PFHxS 1.66 

PD_SW17 September 2016 PFOS + PFHxS 1.6 

August 2017 PFOS + PFHxS 1.17 

PD_SW18 September 2016 PFOS + PFHxS 3.61 

PD_SW19 September 2016 PFOS + PFHxS 4.18 

PD_SW20 September 2016 PFOS + PFHxS 3.68 

August 2017 PFOS + PFHxS 3.68 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

9.3.2 Wastewater treatment plant (Potential Source Area Q) 

Four primary water samples collected from the on-Site WWTP, also referred to as Potential 

Source Area Q, were analysed for PFAS. The sampling locations are shown on Figure 30. The 

results are presented in Table F30, Appendix F and are summarised in Table 55.  

Table 55 WWTP – summary of water analysis 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L) 

PFOS 0.22 2.63 1.43 

PFOS + PFHxS 0.49 5.45 2.62 

PFOA 0.04 0.4 0.175 

Sum of PFAS 1.05 8.93 4.05 

Three water samples reported PFAS concentrations in excess of the adopted assessment 

levels as summarised in Table 56. 
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Table 56 WWTP – PFAS exceeding water assessment levels 

Location ID Analyte Concentration (µg/L) 

TP_SW44 PFOS + PFHxS 3.69 

TP_SW45 PFOS + PFHxS 0.83 

TP_SW46 PFOS + PFHxS 5.45 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

9.3.3 West Bullsbrook drainage channels 

Eight primary surface water samples collected from the drainage channels in West Bullsbrook 

were analysed for PFAS. This included four samples from the creek traversing Lot 200 (test 

locations WB_SW33 to WB_SW36 shown on Figure 33) and four samples from the drain 

traversing the medium-density residential settlement to the south of Lot 200 (test locations 

WB_SW37 to WB_SW40 shown on Figure 33).   

The results are presented in Table F31, Appendix F and are summarised in Table 57. None of 

the samples reported PFAS concentrations in excess of the adopted assessment levels.   

Table 57 West Bullsbrook drainage channels – summary of PFAS surface 

water analysis 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L) 

Lot 200 creek 

PFOS <0.002 0.032 0.0088 

PFOS + PFHxS <0.002 0.035 0.01 

PFOA <0.002 <0.002 <0.002 

Sum of PFAS <0.002 0.035 0.01 

Residential area drain 

PFOS 0.01 0.012 0.0113 

PFOS + PFHxS 0.026 0.034 0.031 

PFOA <0.002 <0.002 <0.002 

Sum of PFAS 0.03 0.044 0.0385 

9.3.4 Ellen and Ki-it Monger Brooks 

Fifty primary surface water samples collected from Ellen and Ki-it Monger Brook over multiple 

sampling events, as summarised in Table 58, were analysed for PFAS. It should be noted that 

the results of sampling at two of the off-Site sampling locations (RK_SW10 and RK_SW19) are 

not shown on Figure 35 at the request of the owner or occupant of these properties.   
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Table 58 Brook surface water sampling events 

Sampling 

date 

No. locations 

monitored 

Locations monitored 

Ellen Brook 

Sept/Oct 2016 15 RE_SW01 to RE_SW09, RE_SW17, RE_SW18 and RE_SW20 to 
RE_SW23 

April 2017 6 RE_SW27 to RE_SW32 

Aug/Sept 2017 13 RE_SW01, RE_SW06, RE_SW09, RE_SW17, RE_SW18, 
RE_SW20, RE_SW23 and RE_SW27 to RE_SW32 

Ki-it Monger Brook 

Sept/Oct 2016 11 RK_SW10 to RK_SW16 and RK_SW24 to RK_SW26 

Aug/Sept 2017 6 RK_SW10, RK_SW12, RK_SW15, RK_SW16, RK_SW19 and 
RK_SW24 

The results are presented in Table F32, Appendix F and are summarised in Table 59.   

Table 59 Ellen and Ki-it Monger Brooks – summary of PFAS surface water 

analysis 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L) 

Ellen Brook 

PFOS 0.0013 3.31 0.2676 

PFOS + PFHxS 0.003 4.46 0.4293 

PFOA <0.0005 0.072 0.0066 

Sum of PFAS 0.005 4.58 0.4514 

Ki-it Monger Brook 

PFOS 0.0327 8.35 1.074 

PFOS + PFHxS 0.0055 11.3 1.4833 

PFOA 0.0017 0.0642 0.0115 

Sum of PFAS 0.038 12.4 1.53 

Eighteen surface water samples reported PFAS concentrations in excess of the adopted 

assessment levels as summarised in Table 60. 

Table 60 Ellen and Ki-it Monger Brooks – PFAS exceeding surface water 

assessment levels 

Location ID Sampling date Analyte Concentration (µg/L) 

RE_SW02 20/09/2016 PFOS+ PFHxS 1.5 

PFOS 0.84 

RE_SW05 

 

20/09/2016 PFOS + PFHxS 4.46 

PFOS 3.31 

RE_SW08 20/09/2016 PFOS + PFHxS 1.02 

PFOS 0.73 

RE_SW09 20/09/2016 PFOS 0.156 

RE_SW17 27/10/2016 PFOS + PFHxS 0.763 

PFOS 0.439 

RE_SW18^ 27/10/2016 PFOS + PFHxS 2.86 

PFOS 1.94 

RE_SW27 28/04/2017 PFOS + PFHxS 1.8 

PFOS 0.568 

RE_SW28 28/04/2017 PFOS 0.21 

RE_SW29 28/04/2017 PFOS 0.228 
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Location ID Sampling date Analyte Concentration (µg/L) 

RK_SW11 21/09/2016 PFOS + PFHxS 1.95 

PFOS 1.39 

RK_SW12 21/09/2016 PFOS 0.356 

RK_SW13 21/09/2016 PFOS 0.401 

RK_SW14 21/09/2016 PFOS + PFHxS 11.3 

PFOS 8.35 

RK_SW15 21/09/2016 PFOS + PFHxS 1.38 

PFOS 1.01 

22/08/2017 PFOS 0.304 

RK_SW16 27/10/2016 PFOS + PFHxS 3.14 

PFOS 2.2 

04/09/2017 PFOS + PFHxS 1.15 

PFOS 2.2 

RK_SW24 27/10/2016 PFOS + PFHxS 1.15 

PFOS 0.845 

Assessment levels 

Orange shading indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

Green/bold text indicates the concentration exceeds the 
ecological based assessment level – NEMP 2018 95% 
fresh water species protection 

PFOS 0.13 

PFOA 220 

Note: ^this off-Site sampling location is not shown on Figure 35 at the request of the landowner or occupant.  

9.3.5 Twin Swamps Nature Reserve (Potential Source Area M) 

Two primary surface water samples collected from within the Twin Swamps Nature Reserve, 

also referred to Potential Source Area M, were analysed for PFAS. The sampling locations are 

shown on Figure 27. All PFAS were reported below the laboratory LOR in both samples, as 

presented in Table F32, Appendix F. 

9.3.6 Other surface water samples 

One surface water sample collected from a spring in Lot 200, West Bullsbrook, was analysed for 

PFAS. Concentrations of all PFAS were below the LOR, as presented in Table F33, Appendix 

F. 

One surface water sample was collected from an infiltration basin at the off-Site WWTP, located 

on Commonwealth land adjacent to the northern portion of the Site, east of Great Northern 

Highway (refer to Figure 1). A PFOS plus PFHxS concentration of 0.01 µg/L and a PFOA 

concentration of 0.02 µg/L was reported, as presented in within Table F33, Appendix F. 

9.4 Groundwater analytical results 

Groundwater analytical results are presented as Tables F34 to F38 in Appendix F. The 

laboratory reports, sample receipt notifications (SRNs) and CoC documentation are presented 

in Appendix G 

9.4.1 Source areas 

Forty-five groundwater samples collected from the Source Areas and Potential Source Areas 

were analysed for PFAS. Monitoring wells within Source Areas A to D (fire training area, former 

fire training areas, hangar 93 and foam disposal pit and grounds maintenance area) were 
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sampled on multiple occasions. The sampling dates are summarised in Table 61. The well 

locations are shown on Figure 13. 

Table 61 Potential source area groundwater sampling events 

Sampling 

date 

No. locations 

monitored 

Locations monitored 

27 - 28 
September 
2016 

3 SA_MW01, SA_MW02, SB_MW04 

31 October – 1 
November 
2016 

15 SA_MW01, SA_MW02, WA0067-MW15, WA0067-MW052, 
WA0067-MW53, WA0067-MW055, SB_MW03 to SB_MW05, 
SC_MW07 to SC_MW10, SD_MW12 and SD_MW13 

18 – 20 
September 
2017 

13 SA_MW01, SA_MW02, WA0067-MW15, WA0067-MW052, 
WA0067-MW53, WA0067-MW055, SB_MW03 to SB_MW05 and 
SC_MW07 to SC_MW10 

28 September 
2017 

2 SD_MW12, SD_MW13 

4 October 
2017 

3 SG_MW42, SH_MW43, SJ_MW44 

10 - 11 
October 2017 

9 SF_MW41, SK_MW45, SN_MW46, SO_MW47, SO_MW48, 
SS_MW49, SS_MW50, PMW02 and PMW05. 

The analytical results are presented in Table F34, Appendix F. Table 62 presents a summary of 

the Source Area and Potential Source Area wells where detectable concentrations of PFOS 

plus PFHxS and PFOA had been recorded or the concentrations exceeded the adopted 

assessment level (relevant to recreational water use). The detections and exceedances are also 

presented on Figure 38 and on the area-specific Figures indicated in Table 62.  

Table 62 Source Areas – PFAS groundwater detections and exceedances 

Source Area Location ID Sampling date Analyte Concentration 
(µg/L) 

Source Area A – 
Fire training area 

(Figure 16) 

SA_MW01 28/09/2016 PFOS + PFHxS 47.6 

PFOA 0.12 

01/11/2016 PFOS + PFHxS 3.35 

PFOA 0.09 

20/09/2017 PFOS + PFHxS 292 

PFOA 3.46 

SA_MW02 27/09/2016 PFOS + PFHxS 32.6 

PFOA 0.11 

01/11/2016 PFOS + PFHxS 2.45 

PFOA 0.06 

19/09/2017 PFOS + PFHxS 5.64^ 

PFOA 0.19^ 

WA0067-MW15 01/11/2016 PFOS + PFHxS 491.9 

PFOA 2.58 

20/09/2017 PFOS + PFHxS 491 

PFOA 5.6 

WA0067-MW052 01/11/2016 PFOS + PFHxS 2,758 

PFOS 17.8 

19/09/2017 PFOS + PFHxS 12,300 

PFOS 17.8 

WA0067-MW053 01/11/2016 PFOS + PFHxS 131.7 

PFOA 1.3 
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Source Area Location ID Sampling date Analyte Concentration 
(µg/L) 

19/09/2017 PFOS + PFHxS 79.7 

PFOA 1.05^ 

WA0067-MW055 01/11/2016 PFOS + PFHxS 30.9 

PFOA 0.44 

19/09/2017 PFOS + PFHxS 18.5 

PFOA 0.53 

Source Area B – 
Former fire training 
areas 

(Figure 17) 

SB_MW03 01/11/2016 PFOS + PFHxS 0.03 

18/09/2017 PFOS + PFHxS 0.23 

SB_MW04 28/09/2016 PFOS + PFHxS 276^ 

PFOA 4.12 

31/10/2016 PFOS + PFHxS 20.59 

PFOA 0.4 

18/09/2017 PFOS + PFHxS 3.22 

PFOA 0.08 

SB_MW05 31/10/2016 PFOS + PFHxS 0.51 

PFOA <0.01 

19/09/2017 PFOS + PFHxS 0.51 

PFOA 0.02 

Source Area C – 
Hangar 93 and 
foam disposal pit 

(Figure 18) 

SC_MW07 31/10/2016 PFOS + PFHxS 0.2 

19/09/2017 PFOS + PFHxS 0.15 

SC_MW08 31/10/2016 PFOS + PFHxS 1.02 

PFOA 0.04 

19/09/2017 PFOS + PFHxS 1.4 

PFOA 0.05 

SC_MW09 31/10/2016 PFOS + PFHxS 0.92 

PFOA 0.05 

19/09/2017 PFOS + PFHxS 0.32 

PFOA 0.02 

SC_MW10 20/09/2017 PFOS + PFHxS 0.21 

Source Area D – 
Grounds 
maintenance area 

(Figure 19) 

SD_MW12 01/11/2016 PFOS + PFHxS 0.73 

28/09/2017 PFOS + PFHxS 0.39 

SD_MW13 01/11/2016 PFOS + PFHxS 1.26 

28/09/2017 PFOS + PFHxS 1.2 

Potential Source 
Area F – Fitter’s 

workshop (Figure 
21) 

SF_MW41 10/10/2017 PFOS + PFHxS 0.28 

Potential Source 
Area J – Former 

fuel farm (Figure 
25) 

SJ_MW44 04/10/2017 PFOS + PFHxS 15.8 

PFOA 0.42 

Potential Source 
Area K – 
BroadSpectrum 

compound (Figure 
26) 

SK_MW45 10/10/2017 PFOS + PFHxS 0.12 

Potential Source 
Area N – Fire 

event (Figure 28) 

 

SN_MW46 10/10/2017 PFOS + PFHxS 0.06 
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Source Area Location ID Sampling date Analyte Concentration 
(µg/L) 

Potential Source 
Area R – RAAF 
Pearce landfill 

(Figure 31) 

PMW02 11/10/2017 PFOS + PFHxS 96.6 

PFOA 2.67 

PMW05 11/10/2017 PFOS + PFHxS 0.03 

Potential Source 
Area S – Police 
dog training site 

(Figure 32) 

SS_MW49 10/10/2017 PFOS + PFHxS 0.44 

SS_MW50 10/10/2017 PFOS + PFHxS 0.25 

Assessment levels 

Orange shading indicates concentration exceeds the human health 
based assessment level  - NEMP 2018 recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

Note: ^Result from duplicate sample adopted as a conservative measure 

9.4.2 Other on-Site monitoring wells 

Thirty-eight primary groundwater samples collected from on-Site monitoring wells not targeted 

towards specific Source Areas or Potential Source Areas were analysed for PFAS. These wells 

were installed for the purposes of assessing the presence of a PFAS plume between the source 

areas and the Site boundary, the presence of PFAS in groundwater at the Site boundary, PFAS 

in groundwater at the hydraulically up-gradient Site boundary and for groundwater modelling 

purposes (e.g. assessing the interaction between groundwater and surface water in the surface 

water bodies). Some of the wells were sampled on multiple occasions. The sampling dates are 

summarised in Table 63. The well locations are shown on Figure 13. 

Table 63 Non-Source Area groundwater sampling events 

Sampling 

date 

No. locations 

monitored 

Locations monitored 

18 September 
2016 

1 MWBG 

7 December 
2016 

7 BW_MW15 to BW_MW21 

18 September 
2017 

8 MWBG and BW_MW15 to BW_MW21 

4 – 5 October 
2017 

19 BW_MW22S, BW_MW22D, BW_MW23S, BW_MW23D, 
BW_MW24S, BW_MW24D, GM_MW38, GM_MW39, GM_MW40S, 
GM_MW40D, PG_MW31, PG_MW32S, PG_MW32D, PG_MW33S, 
PG_MW33D, PG_MW34S, PG_MW34D, PG_MW35S, 
PG_MW35D 

13 March 2018 3 BW_MW15, BW_MW22S and BW_MW23S 

The analytical results are presented in Table F34, Appendix F. Table 64 presents a summary of 

the wells where detectable concentrations of PFOS plus PFHxS and PFOA had been recorded 

or the concentrations exceeded the adopted assessment level (relevant to recreational water 

use). The detections and exceedances are also presented on Figure 38. 
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Table 64 Non-Source Areas – PFAS groundwater detections and 

exceedances 

Area / purpose Location ID Sampling date Analyte Concentration 
(µg/L) 

Boundary well BW_MW18 18/09/2017 PFOS + PFHxS 0.06 

BW_MW22S 04/10/2017 PFOS + PFHxS 0.87 

13/03/2018 PFOS + PFHxS 0.75 

PFOA 0.01 

MWBG 31/10/2016 PFOS + PFHxS 1.41 

PFOA 0.02 

18/09/2017 PFOS + PFHxS 0.82 

PFOA 0.02 

Groundwater 
modelling well 

GM_MW39 05/10/2017 PFOS + PFHxS 2.27 

Assessment levels 

Note - orange shading indicates concentration exceeds the human 
health based assessment level  - NEMP 2018 recreational water 
quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

9.4.3 West Bullsbrook monitoring wells 

Thirteen groundwater samples collected from monitoring wells installed by GHD (in Phase II of 

the DSI program) in the West Bullsbrook area were analysed for PFAS. The samples were 

collected on 10 and 11 October 2017. Monitoring well WB_MW30S was sampled again on 13 

March 2018. The well locations are shown on Figure 13.  

The analytical results are presented in Table F35, Appendix F. Only one well had detectable 

PFAS concentrations and these were below the adopted assessment levels, as summarised in 

Table 65 and presented on Figure 33 and Figure 38.  

Table 65 West Bullsbrook – PFAS groundwater detections and exceedances 

Location ID Sampling date Analyte Concentration (µg/L) 

GM_MW37 11/10/2017 PFOS + PFHxS 0.03 

Assessment levels 

Red/bold text indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
drinking water quality 

PFOS + PFHxS 0.07 

PFOA 0.56 

Orange shading indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

9.4.4 Private groundwater bores 

A total of 116 private bores were sampled over multiple events, with 39 bores sampled twice, as 

summarised in Table 66. One hundred and sixty primary groundwater samples collected from 
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these private bores were analysed for PFAS. At the request of some property owners or 

occupants, the locations of 19 bores and the associated sampling results are not presented 

within this Consolidated DSI report. At the request of some of the property owners or occupants, 

the locations of 32 bores are not presented on Figure 37, though the sampling results are 

included in this report.  

It should be noted that sampling of private bores was subject to permission from the property 

owner or occupant and for some sampling events, some owners or occupants declined to have 

their bore sampled.  

Table 66 Private bore groundwater sampling events 

Sampling 

event 

No. locations 

monitored 

Locations monitored 

May 2016 10 Bore 1 to Bore 10 

June 2016 1 Bore 1* 

August 2016 12 Bore 11 to Bore 22 

October 2016 1 Bore 23^ 

January 2017 24 Bore 3, Bore 9, Bore 19, Bore 24 to Bore 44 

March 2017 1 Bore 45^ 

April 2017 1 Bore 46^ 

June 2017 2 Bore 47 and Bore 48^ 

September 
2017 

39 Bore 1 to Bore 10, Bore 12 to Bore 22, Bore 24 to Bore 32, Bore 
34 to Bore 35, Bore 36 to Bore 39, Bore 41 to Bore 44 

November 
2017 

1 Bore 49 

February/March 
2018 

67 Bore 50 to Bore 116 

Note: *Bore 1 was re-sampled to confirm the result produce by the secondary laboratory, as discussed below 

^These bores were sampled in response to requests from the property resident or owner.  

Table 67 presents a summary of the depths of the private bores, based upon a combination of 

information provided by landowners or occupants at the properties (not able to be verified by 

GHD) and information available through the DWER (2017b) Water Information Reporting 

database. The information suggests that private bores are installed to an average depth of 

approximately 30 m bgl. If the DWER (2017b) information is considered in isolation, the bores 

appear to be installed to depths of between 9.75 m and 36 m bgl, with an average depth of 

22.80 m bgl. Direct measurement of private bore depth was not undertaken due to the bores 

generally featuring headworks that prevented access to the bore casing. Additionally, the 

presence of pumps within the bore casings could result in inaccurate and non-representative 

depth measurements.   

Table 67 Private bore depths 

Location ID Bore depth (m bgl) 

based on information 

from the resident 

Bore depth (m bgl) based on 

DWER (2017b) 

Bore 3 18 26.5 

Bore 9 25 - 

Bore 13 25 to 30 18.29 

Bore 14 25 - 
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Location ID Bore depth (m bgl) 

based on information 

from the resident 

Bore depth (m bgl) based on 

DWER (2017b) 

Bore 15 25 - 

Bore 16 25 - 

Bore 17 110 - 

Bore 19 8 - 

Bore 20 30 - 

Bore 21 10 - 

Bore 22 25 to 30 - 

Bore 23 50 - 

Bore 24 20 to 25 - 

Bore 25 20 to 25 - 

Bore 26 15 - 

Bore 27 20 - 

Bore 28 40 - 

Bore 29 26 17.68 

Bore 30 - 26 

Bore 32 - 26.5 

Bore 38 90 - 

Bore 39 - 19 

Bore 40 8 - 

Bore 41 30 26 

Bore 42 100 19.5 

Bore 44 - 18.29 

Bore 50 - 25.5 

Bore 51 - 26.5 

Bore 52 13 - 

Bore 57 21 - 

Bore 59 - 9.75 

Bore 63 - 19 
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Location ID Bore depth (m bgl) 

based on information 

from the resident 

Bore depth (m bgl) based on 

DWER (2017b) 

Bore 71 85 - 

Bore 88 20 - 

Bore 91 27 - 

Bore 115 - 36 

Bore 116 20 - 

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.  

The analytical results are presented in Table F36, Appendix F. Table 68 presents a summary of 

the groundwater samples that had detectable concentrations of PFOS + PFHxS and PFOA. The 

detections and exceedances are also presented on Figure 37. As previously stated, it must be 

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. 

Table 68 Private bores – PFAS groundwater detections and exceedances 

Location ID (and bore 
depth*) 

Sampling date Analyte Concentration (µg/L) 

Bore 3 (26.5 m bgl) 13/05/2016 PFOS+ PFHxS 0.19 

17/01/2017 PFOS+ PFHxS 0.4 

04/092017 PFOS+ PFHxS 0.14 

Bore 9 (25 m bgl) 16/05/2016 PFOS + PFHxS 0.11 

17/01/2017 PFOS + PFHxS 0.1 

Bore 19 (8 m bgl) 04/08/2016 PFOS + PFHxS 0.05 

Bore 27 (20 m bgl) 17/01/2017 PFOS + PFHxS 0.03 

Bore 31 (depth 
unknown) 

17/01/2017 PFOS + PFHxS 0.27 

05/09/2017 PFOS + PFHxS 0.09 

Bore 31_Purged (depth 
unknown) 

05/09/2017 PFOS + PFHxS 0.08 

Bore 40 (8 m bgl) 31/01/2017 PFOS + PFHxS 0.18 

PFOA 0.02 

Bore 42 (19.5 m bgl) 31/01/2017 PFOS + PFHxS 0.06 

05/09/2017 PFOS + PFHxS 0.06 
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Location ID (and bore 
depth*) 

Sampling date Analyte Concentration (µg/L) 

Bore 52 (13 m bgl) 08/02/2018 PFOS + PFHxS 0.02 

Bore 73 (depth 
unknown) 

15/02/2018 PFOS + PFHxS 0.03 

Bore 81 (depth 
unknown) 

16/02/2018 PFOA 0.03 

Bore 92 (depth 
unknown) 

15/02/2018 PFOS + PFHxS 0.05 

Bore 99 (depth 
unknown) 

21/02/2018 PFOS + PFHxS 0.05 

Bore 100 (depth 
unknown) 

21/02/2018 PFOS + PFHxS 0.07 

Bore 114^ (depth 
unknown) 

01/03/2018 PFOS + PFHxS 0.02 

Bore 116 (20 m bgl) 01/03/2018 PFOS + PFHxS 0.56 

Assessment levels 

Red/bold text indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
drinking water quality 

PFOS + PFHxS 0.07 

PFOA 0. 56 

Orange shading indicates concentration exceeds the 
human health based assessment level  - NEMP 2018 
recreational water quality 

PFOS + PFHxS 0.7 

PFOA 5.6 

*bore depth is based upon DWER (2017) information.  Where DWER (2017b) data was not available, the depth 

provided by the landowner or occupant at the property has been included.   

^this bore is not shown on Figure 34 at the request of the landowner or occupant.  

Following the initial May 2016 sampling event of Bore 1, a discrepancy was noted between the 

PFOS result reported by the primary laboratory (less than the LOR for both the primary and 

duplicate sample) and the secondary laboratory (0.09 µg/L for the split sample). To evaluate the 

accuracy of the result, the bore was re-sampled and a primary, duplicate and two split samples 

collected. The primary and duplicate samples were analysed by the primary laboratory (ALS) 

and one split sample was analysed by each of MPL Envirolab and Eurofins. All four samples 

reported PFOS concentrations below the LOR (0.01 µg/L). On this basis, GHD considered that 

the initial PFOS concentration of 0.09 µg/L reported by the secondary laboratory was an 

anomaly and that there was sufficient evidence to indicate that PFOS concentrations in Bore 1 

were below the LOR.   

As described in Section 6.3, in addition to the ‘first flush’ sample, in September 2017 GHD 

collected a purged water sample from one private bore, Bore 31 (referred to as Bore 31_Purged 

in Table F36, Appendix F and Table 68), to assess variability in PFAS concentrations that may 

occur between ‘first flush’ samples and samples collected following purging. An approximate 

volume of 20 to 30 L was purged prior to sample collection. The results indicate that there is 

little difference in PFAS concentrations between the ‘first flush’ and purged samples, with PFOS 

plus PFHxS concentrations varying by 0.01 µg/L between the two samples (a relative 

percentage difference of 11.76%).  

Where bores were sampled multiple times, concentrations were generally higher at the summer 

or post-summer monitoring events, for example: 
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 Bore 3 reported PFOS plus PFHxS concentrations of 0.19 µg/L and 0.4 µg/L in May 2016 

(post-summer) and January 2017 (summer) respectively, compared to 0.14 µg/L in 

September 2017 (post-winter).  

 Bore 9 reported PFOS plus PFHxS concentrations of 0.11 µg/L and 0.1 µg/L in May 2016 

(post-summer) and January (summer) respectively, compared to concentrations less than 

the LOR (<0.02 µg/L) in September 2017 (post-winter). 

 Bore 31 reported PFOS plus PFHxS concentrations of 0.27 µg/L in January 2017 

(summer) compared to 0.09 µg/L in September 2017 (post-winter). 

The higher concentrations observed in the summer and post-summer monitoring events may be 

representative of dry conditions with limited aquifer recharge however, the dataset is based 

upon a limited number of monitoring events and therefore a meaningful evaluation cannot be 

made at this time.    

Of the 16 bores that had PFAS concentrations above the LOR, six have available bore depth 

information and these ranged from 8 m bgl (Bore 19) to 26.5 m bgl (Bore 3). Of the bores where 

PFAS concentrations were below the LOR, bore depth ranged from 9.75 m bgl to 36 m bgl with 

an average of 22.8 m bgl (based on DWER data).  

9.4.5 Major ions in groundwater 

All samples collected from the groundwater monitoring wells (refer to Figure 13) were analysed 

for major ions. The laboratory results are presented in Table F37 and Table F38, Appendix F.  

The data is also presented graphically as Piper Plots on Figure 39 to Figure 42, which indicate 

the major-ion ratios. The primary aim of presenting the major-ion data is to better understand 

the influences on groundwater chemistry that may indicate spatial settings and derivation of 

sources of groundwater.  

West Bullsbrook 

Figure 40 indicates that the major-ion data from the clustered (shallow and deep) wells installed 

in the West Bullsbrook area present a moderate range in major ion ratios (differing water types), 

characterised by the following key observations:  

 Generally elevated carbonate compared to chloride, excluding one or two sample points 

(e.g. WB_MW25S&D). 

 Variable chloride concentrations, ranging from a low of 94 mg/L (WM_MW27) to a high of 

3000 mg/L (e.g. WB_MW25S&D). 

 The shallow and deep wells generally show similar major-ion ratios, which supports a 

degree of hydraulic connectivity between the shallow and deep parts of the superficial 

aquifer. 

The elevated dissolved carbonate supports influence of dissolution of limestone within the 

aquifer, while isolated locations of elevated chloride (e.g. WB_MW25S&D) are likely derived 

from evaporative concentration of surface water, prior to infiltration into the aquifer. Evaporative 

concentration includes that from open water bodies, creeks or wetlands common to the 

Bullsbrook area that may have been infilled/reclaimed.  

On-Site  

Figure 41 indicates the major-ion data from shallow monitoring wells within the boundary of the 

Site. Major ion ratios in this area are differentiated from that of the areas in West Bullsbrook and 

demonstrate increased sulphate and chloride major-ion ratios and relatively lower levels of 

carbonate.   
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Figure 42 presents the major-ion data from the clustered wells installed on the Site. The data 

indicates that at five clustered well locations, the major-ion ratios are sufficiently dissimilar to 

support the observation that the shallow and deep superficial aquifer exhibit a degree of 

hydraulic separation (e.g. they are stratified and not connected). These five monitoring wells are 

located within the southern portion of the airfield (BW_MW23S&D, BW_MW24S&D, 

PG_MW33S&D, PG_MW34S&D and PG_MW35S&D presented on Figure 13). Otherwise, the 

shallow and deep on-Site wells generally show similar major-ion ratios, which supports hydraulic 

connectivity between shallow and deep parts of the aquifer. 

Summary of major ion data 

The major ion data indicates that in general, groundwater chemistry differs in West Bullsbrook 

compared to that of the Site. In particular, the monitoring wells surrounding the West Bullsbrook 

residential area (e.g. WB_ MW29S&D, WB_MW30S&D and GM_MW36, refer to Figure 40 and 

Figure 13) are characterised by a relatively distinctive groundwater chemistry (elevated 

carbonate and low chloride/sulphate), which is dissimilar to that of groundwater beneath the Site 

(low carbonate and high chloride/sulphate). The information supports that the groundwater 

beneath West Bullsbrook is not likely derived from or within the flow path of groundwater 

derived from the Site.  

9.5 Biota analytical results 

Biota analytical results are presented as Tables F39 to F41 in Appendix F. The laboratory 

reports, sample receipt notifications (SRNs) and CoC documentation are presented in Appendix 

G.  

9.5.1 Aquatic biota 

Aquatic biota samples were collected from six locations along Ellen Brook and Ki-it Monger 

Brook (Biota 1, Biota 2 and Biota 4 to Biota 7) on 17 and 18 November 2016. The sampling 

locations are shown on Figure 14. Biota 3 was an opportunistic sampling location situated 

between Biota 2 and Biota 4 which was chosen when setting nets following observation of a 

favourable habitat for aquatic species. However, upon sampling, sufficient numbers of species 

where collected in the planned locations Biota 2 and Biota 4 and therefore no species were 

required to be analysed from the opportunistic location Biota 3. The location labelling 

nomenclature was not amended to take account of the omission of Biota 3. 

The species which were found to be most abundant were considered to be representative of key 

food web elements and were therefore selected for sampling. A summary of the biota 

encountered at each sampling location and those subsequently sampled is provided in Table 

69. As stated in Table 8, the majority of fish caught during the sampling exercise were small (i.e. 

ranging from 36 mm to 105 mm in length) and therefore, the entire fish specimens were 

submitted to the primary laboratory for analysis.   

Table 69 Summary of aquatic biota sampling  

Location Species name Common name Count Sample IDs 

Ellen Brook 

Biota 1  Nannoperca vittata Western Pygmy 
Perch 

200+ Not 
sampled 

Galaxias occidentalis Western Galaxias 6 Not 
sampled 

Gambusia holbrooki Mosquitofish 6 Not 
sampled 

Bostockia porosa Nightfish 200+ F5 to F8 
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Location Species name Common name Count Sample IDs 

Cherax quinquecarinatus Gilgie 37 M1 to M4 

Chelodina oblonga Oblong turtle 2 Not 
sampled 

Biota 2  Nannoperca vittata Western Pygmy 
Perch 

30 Not 
sampled 

Galaxias occidentalis Western Galaxias 16 Not 
sampled 

Bostockia porosa Nightfish 200+ F1 to F4 

Cherax quinquecarinatus Gilgie 47 M1 to M4 

Chelodina oblonga Oblong turtle 1 Not 
sampled 

Biota 4  Nannoperca vittata Western Pygmy 
Perch 

19 Not 
sampled 

Galaxias occidentalis Western Galaxias 32 F1 to F4 

Bostockia porosa Nightfish 1 Not 
sampled 

Cherax quinquecarinatus Gilgie 36 M1 to M4 

Pseudogobius olorum Swan River Goby 4 Not 
sampled 

Biota 5^  Galaxias occidentalis Western Galaxias 3 Not 
sampled 

Gambusia holbrooki Mosquitofish 1 Not 
sampled 

Bostockia porosa Nightfish 16 F1 to F4 

Cherax quinquecarinatus Gilgie 6 M1 and M2 

Cherax destructor Yabby 2 M3 and M4 

Galaxias occidentalis Western Galaxias 3 Not 
sampled 

Ki-it Monger Brook 

Biota 6  Nannoperca vittata Western Pygmy 
Perch 

11 Not 
sampled 

Bostockia porosa Nightfish 4 F1 to F4 

Cherax destructor Yabbie 46 M1 to M4 

Biota 7  Galaxias occidentalis Western Galaxias 2 Not 
sampled 

Gambusia holbrooki Mosquitofish 4 F1 to F4 

Cherax destructor Yabbie 11 M1 to M4 

Note: ^this sampling location is not shown on Figure 35 at the request of the landowner or occupant.  

Forty-eight samples (24 fish and 24 crustaceans) were analysed for PFAS. The analytical 

results are presented in Table F39, Appendix F. Twenty three samples had PFOS plus PFHxS 

concentrations in excess of the adopted human health based assessment level, as presented in 

Table 70.  

Table 70 Aquatic biota – PFAS exceeding assessment levels 

Sample ID Biota Type Common name Analyte Concentration 
(mg/kg) 

Biota 1_F5 Fish Nightfish PFOS+ PFHxS 0.0112 

Biota 1_F6 Fish Nightfish PFOS+ PFHxS 0.0422 
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Sample ID Biota Type Common name Analyte Concentration 
(mg/kg) 

Biota 1_F8 Fish Nightfish PFOS+ PFHxS 0.141 

Biota 2_F1 Fish Nightfish PFOS+ PFHxS 0.239 

Biota 2_F2 Fish Nightfish PFOS+ PFHxS 0.0633 

Biota 2_F3 Fish Nightfish PFOS+ PFHxS 0.28 

Biota 2_F4 Fish Nightfish PFOS+ PFHxS 0.228 

Biota 4_F1 Fish Western Galaxias PFOS+ PFHxS 0.0426 

Biota 4_F2 Fish Western Galaxias PFOS+ PFHxS 0.143 

Biota 4_F3 Fish Western Galaxias PFOS+ PFHxS 0.129 

Biota 4_F4 Fish Western Galaxias PFOS+ PFHxS 0.0832 

Biota 5_F1 Fish Nightfish PFOS+ PFHxS 2.42 

Biota 5_F2 Fish Nightfish PFOS+ PFHxS 0.531 

Biota 5_F3 Fish Nightfish PFOS+ PFHxS 0.0723 

Biota 5_F4 Fish Nightfish PFOS+ PFHxS 0.131 

Biota 6_F1 Fish Nightfish PFOS+ PFHxS 1.93 

Biota 6_F2 Fish Nightfish PFOS+ PFHxS 0.883 

Biota 6_F3 Fish Nightfish PFOS+ PFHxS 1.8 

Biota 6_F4 Fish Nightfish PFOS+ PFHxS 0.472 

Biota 7_F1 Fish Mosquitofish PFOS+ PFHxS 0.221 

Biota 7_F2 Fish Mosquitofish PFOS+ PFHxS 0.512 

Biota 7_F3 Fish Mosquitofish PFOS+ PFHxS 0.435 

Biota 7_F4 Fish Mosquitofish PFOS+ PFHxS 1.58 

Assessment levels 

Orange shading indicates concentration exceeds the human 
health based assessment level  - FSANZ 2017b finfish 
consumption trigger point 

PFOS + PFHxS 0.0052 

PFOA 0.041 

Orange shading indicates concentration exceeds the ecology 
based assessment level  - ECCC 2017 fish tissue 

PFOS  8.3 

9.5.2 Terrestrial biota 

Twenty-four terrestrial biota samples, comprising nine vegetation samples, 13 invertebrate 

samples and two animal scat samples were analysed for PFAS. The samples were collected 

from Source Areas A (fire training area) and B (former fire training areas) where, as discussed 

in Section 4.6, sensitive ecological receptors were identified. The ecological investigation report 

(GHD 2017e) presents a complete list of terrestrial flora and fauna species observed within 

these areas. Table 71 presents a summary of the species sampled and the concentrations of 

PFOS, PFHxS and PFOA reported within each.  This data will be evaluated in detail with 
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respect to a site specific food model web within the ERA. The complete set of analytical results 

are presented in Table F40, Appendix F.   

Table 71 Summary of terrestrial biota PFAS analysis  

Sample ID Description PFAS Concentration (mg/kg) 

PFOS PFHxS PFOA 

Source Area A – Fire training area 

Area A Fauna 1A Worms 
29 1.6 0.025 

Area A Fauna 2A Spider 
9.4 0.63 0.0052 

Area A Fauna 2B Spider 
5.7 1.2 0.025 

Area A Fauna 3A Slaters 
1.1 0.25 0.027 

Area A Fauna 4A Worms 
3.1 0.64 0.0054 

Area A Fauna 5A Slaters 
0.066 0.028 0.00077 

Area A Fauna 6A Duck scats 
0.052 0.004 0.00087 

Area B Fauna 1A Rabbit scats 
0.038 0.0053 <0.0003 

Area B Fauna 2A Portuguese millipedes 
0.46 0.026 0.0065 

Area B Fauna 3A Worms 
2.6 0.62 0.0038 

Area B Fauna 4A Redback spider 
1.3 0.28 0.666 

Area B Fauna 5A Grasshopper 
0.02 0.00067 0.00052 

Area B Fauna 6A Bees 
0.0067 0.00062 0.0003 

Area B Fauna 7A Bees 
0.006 <0.0005 <0.0003 

Area B Fauna 8A Grasshopper 
0.018 0.0015 <0.0003 

Source Area B – Former fire training areas 

Source B Flora 1A Xanthorrhoea preissii 
<0.0003 <0.0005 <0.0003 

Source B Flora 2A Eragrostis curvula 
0.021 0.0099 <0.0003 

Source B Flora 3A Neurachne alopecuroidea 
0.017 0.0028 <0.0003 

Source B Flora 4A Acacia saligna 
0.0097 0.0066 <0.0003 

Source B Flora 4B Acacia saligna 
0.0086 0.0069 <0.0003 

Source B Flora 5A Ehrharta calycina 
0.0031 0.0037 <0.0003 

Source B Flora 6A Gastrolobium spinosum 
<0.0003 <0.0005 <0.0003 
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Sample ID Description PFAS Concentration (mg/kg) 

PFOS PFHxS PFOA 

Source B Flora 7A Moraea flaccida 
0.0047 0.00083 <0.0003 

Source B Flora 8A Hypocalymma angustifolium 
0.012 0.0016 <0.0003 

9.5.3 Edible produce 

Edible produce samples comprising fruit, vegetables and chicken eggs were collected from nine 

properties within the Investigation Area that were chosen based upon the results of the water 

use survey (refer to Section 4.5), the off-site groundwater results, their location relative to the 

Site and inferred groundwater and surface water flow pathways. 

A summary of the types of produce identified, consumption habits of the resident and the 

produce sampled is presented in Table 72. It should be noted that at the request of the owner or 

occupant, one of the properties from which produce was sampled is not shown on Figure 14. 

Table 72 Summary of produce sampling   

Sample 
location 

Type of produce Comment Sample ID 

Produce 1 Mulberries Not in season. Not 
sampled 

Egg yolk 3 chickens, old and infrequent layers, 
eggs not distinguishable between 
chickens, owner eats all eggs. Selected 
two eggs with different shell colour for 
sampling.  

E1 and E2 

Produce 
2^ 

Lemons Not in season. Not 
sampled 

Egg yolk 12 chickens, most lay daily, one currently 
rests, sampled egg (E1) from chicken 
that lays 3 eggs in 2 days and one other 
egg (E2) from different chicken. 

E1 and E2 

Produce 3 Tomato (2 pieces) Eaten by owner. T1 

Capsicum (2 pieces)  C1 

Egg yolk 15 chickens, all show birds, does not eat 
eggs but breeds them, sometimes eats 
chicken meat. 

E1 

Chilli Owner does not eat much of them, gives 
them away sometimes. 

Not 
sampled 

Kale  Not 
sampled 

Mint and other herbs  Not 
sampled 

Rhubarb  Not 
sampled 

Grapes Not ripe.  Not 
sampled 

Lemon and orange Not in season. Not 
sampled 

White mulberry Not in season. Not 
sampled 
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Sample 
location 

Type of produce Comment Sample ID 

Produce 4 Bean shoots Commercial operation. Bean shoots are 
best selling product, most water 
demanding. 

S1 

Alfalfa sprouts Second best selling product. S2 

Snow peas No comment. Not 
sampled 

Sunflower sprouts Not 
sampled 

Crunchy combo of 
beans and sprouts 

Not 
sampled 

Produce 5 Egg yolk 2 chickens, selected two eggs with 
different shell colour for sampling.  

E1 and E2 

Tomato  Eaten by owner. T1 

Silver beet  S1 

Basil B1 

Fig tree Not in season. Not 
sampled 

Produce 6 Egg yolk 7 chickens, laying almost daily. Owner 
eats them and gives them away.  

E1 

Grapes  Eaten by owner. G1 

Gooseberry  Go1 

Rosemary R1 

Lemon, mulberry, 
apple, pear, 
nectarine, fig, orange 
trees 

Not in season. Not 
sampled 

Produce 7 Grape  Frequently eaten by owner. G1  

Lettuce Frequently eaten by owner. L1 

Kale One plant only though appeared regularly 
picked.  

K1 

Tomato  Frequently eaten by owner. T1 

Silver beet Only one small plant. Not 
sampled 

Spring onion Overgrown and thick – past normal 
eating size. 

Not 
sampled 

Capsicum Not ripe.  Not 
sampled 

Chilli Small quantities eaten only. Not 
sampled 

Zucchini No zucchini fruit on plant. Not 
sampled 

Produce 8 Egg yolk 6 chickens, roughly 3 eggs per day, 
owner eats all eggs, eggs not 
distinguishable between chickens. 

E1 

Lettuce All harvested. No produce left.  Not 
sampled 

Capsicum Not 
sampled 

Tomato Not 
sampled 
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Sample 
location 

Type of produce Comment Sample ID 

Asparagus Not 
sampled 

Chilli Not 
sampled 

Produce 9 Egg yolk 11 chickens, eggs not distinguishable 
between chickens. 

E1 

Cherry tomato  Eaten by owner. T1  

Grapes  G1  

Silver beet S1  

Lemon and other fruit 
trees 

Not in season. Not 
sampled 

Note: ^this sampling location is not shown on Figure 35 at the request of the landowner or occupant.  

Twenty-four produce samples (ten eggs, seven vegetables and seven fruit) were analysed for 

PFAS. The laboratory results are provided in Table F41, Appendix F. PFOS plus PFHxS was 

detected in two egg samples, although at a concentration below the adopted assessment level, 

as summarised in Table 73. All other produce samples had PFAS concentrations below the 

LOR. It is noted that the LOR for PFOS in produce samples (0.001 mg/kg) is greater than the 

FSANZ assessment level for fruit (0.0006 mg/kg). GHD understands that this LOR is the lowest 

achievable by the primary laboratory (ALS) for samples of this type. The significance of this will 

be evaluated within the HHERA.  

Table 73 Produce – PFAS detections 

Sample ID Produce type Analyte Concentration (mg/kg) 

Produce 3_E1 Chicken egg PFOS + PFHxS 0.004 

Produce 8_E1 Chicken egg PFOS + PFHxS 0.002 

Assessment levels 

Orange shading indicates concentration 
exceeds the human health based 
assessment level  - FSANZ 2017b poultry 
egg trigger point 

PFOS + PFHxS 0.011 
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10. Quality assurance/quality control  

The quality assurance/quality control (QA/QC) procedures adopted for the DSI are based on the 

DER (2014) contaminated sites guidelines, DER (2017) PFAS guidelines, Australian Standards 

AS 5667 – 1998 (Standards Australia 1998) and the ASC NEPM (NEPC 2013).  

QA involves all of the actions, procedures, checks and decisions, undertaken to ensure the 

representativeness and integrity of samples and accuracy and reliability of analytical results. QC 

involves protocols to monitor and measure the effectiveness of QA procedures. 

In accordance with the ASC NEPM, the reliability of field procedures and analytical results have 

been assessed using Data Quality Indicators (DQIs) of precision, accuracy, representativeness, 

completeness and comparability. These are summarised below: 

 Representativeness is the confidence that the data are representative of each medium 

analysed. 

 Comparability is the confidence that the data may be considered to be equivalent for 

each sampling event and analytical event. 

 Precision is a quantitative measure of the variability (or reproducibility) of data. 

 Accuracy/bias is a quantitative measure of the closeness of reported data to the true 

value. 

 Completeness is a measure of the amount of useable data from a data collection activity. 

The findings of the DSI QA/QC assessment are detailed in Appendix C. In summary, based 

upon a review of the field and laboratory QA/QC procedures adopted for the DSI, the field and 

laboratory data is considered to be of sufficient integrity and can be used with confidence.   
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11. Hydrogeological modelling 

11.1 Groundwater modelling  

Based on the results of the DSI, GHD carried out groundwater modelling as detailed in the GHD 

(2018) groundwater modelling report. The objectives of the modelling were to:  

 Improve the understanding of the fate and transport of PFAS in groundwater (including 

interaction with surface water bodies) within the Investigation Area. 

 Assist in closing out uncertainties regarding whether a potential PFAS plume might exist 

between the groundwater wells installed within the identified source areas and the site 

boundary, which could potentially extend to off-Site receptors. 

 Support Defence’s decision-making in relation to PFAS management. 

The modelling was completed with reference to the National Water Commission (2012) 

Australian Groundwater Modelling Guidelines. The modelling scope comprised: 

 Set up and calibration of a steady-state numerical groundwater flow model. 

 Set up and simulate a particle-tracking model to predict convective transport of PFAS in 

the aquifer (assuming no dilution or dispersion), including four sensitivity scenarios 

The regional groundwater flow model was developed with MODFLOW-Surfact numerical codes 

using the Groundwater Vistas Version 6.89 Build pre- and post-processor. Details of the model 

setup, calibration and inputs for the particle tracking modelling are presented in the groundwater 

modelling report (GHD 2018).   

The results of the particle migration tracking for the ‘base’ modelling scenario are presented on 

Figure 43. The pathlines represent 90 years of PFAS migration from the main identified Source 

Areas (described in Section 12.1). This timeframe is based upon the Site having been 

established in 1930 and is considered to be a conservative input given the understanding that 

AFFF use at the Site commenced in the 1960s (refer to Section 3.2). The results indicate: 

 Migration of contaminants through groundwater is generally limited by the low hydraulic 

gradients and hydraulic conductivities of the aquifer in the Investigation Area. However, 

the groundwater modelling shows some potential for groundwater from Source Areas A, 

B and R to migrate to Ellen Brook after a conservative timeframe of 90 years.   

 Beneath West Bullsbrook, groundwater is generally flowing in a south to south-easterly 

direction towards Ellen Brook. Even though groundwater pumping from private bores in 

West Bullsbrook has occurred, the pumping rates are seemingly not high enough to affect 

the regional groundwater flow direction to Ellen Brook. This indicates that, even with an 

assumed upper range of pumping rates at the bores in West Bullsbrook, the PFAS 

concentrations recorded within the private bores of West Bullsbrook are unlikely to be a 

result of drawing impacted water from Ellen Brook or the Site Source Areas towards the 

bores as a result of groundwater abstraction.   

11.2 Surface water modelling  

As a compliment to the groundwater modelling and to better understand how PFAS migrates 

from the base, a surface water run-off model was developed. The modelling approach consisted 

of three key steps:  

 A surface water flow modelling component to estimate run-off from each catchment area 

and from each area where soil impacts were identified.   
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 Estimating the amount of PFAS partitioning from the soil into water and therefore the 

concentrations and mass in run-off from each individual area of impact. 

 Combining the mass running off from impacted areas with the rest of the catchment to 

back calculate overall concentrations discharging to Ellen and Ki-it Monger Brooks.  

The modelling software used to characterise the surface water flow was MUSIC v6.2 (Model for 

Urban Stormwater Improvement Conceptualisation) developed by the eWater Cooperative 

Research Centre. Details of the model setup, calibration, model inputs and soil-water 

partitioning calculations are presented in Appendix A of the groundwater modelling report (GHD 

2018).   

The results suggest that there is a reasonable correlation between observed PFAS surface 

water concentrations discharging the site and the simulated values, indicating the model 

provides a reasonable understanding of the contribution of surface water run-off to the Brooks.  

The results suggest that surface water run-off is a key pathway for PFAS migration to down 

gradient surface water features. This conclusion is supported by the PFAS concentrations 

observed within Ellen Brook and Ki-it Monger Brook and the groundwater modelling results, 

which suggest there is limited discharge of impacted groundwater to these surface water 

features.  
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12. Conceptual site model 

To assist in the understanding of the Site and risks posed to receptors, the CSM that was 

developed during the PSI has been updated based upon the findings of the DSI. A CSM is a 

representation of Site-related information regarding contamination sources, receptors and 

exposure pathways between those sources and receptors (NEPC 1999).   

The CSM provides the framework for identifying how a site can become contaminated and how 

potential receptors may be exposed to contamination either in the present or in the future i.e. it 

enables an assessment of the potential source – pathway – receptor linkages, and facilitates 

identification of a suitable investigation, management or remediation strategy for the Site. 

As discussed in Section 6.2, the sampling design for the DSI aimed to characterise the 

presence of PFAS at identified sources, pathways and receptors. A discussion on the identified 

nature, extent and magnitude of impact is presented as follows. The graphical CSM is 

presented as Figure 44 (for human receptors) and Figure 45 (for ecological receptors).   

12.1 Sources 

Based on the site history information obtained throughout the investigation, 19 areas were 

identified that had the potential for PFAS to be present in soil, sediment, surface water or 

groundwater due to historical releases, as described in Section 3.2. These areas have been 

investigated and the results indicate that there are six main sources where PFAS is present 

within the Investigation Area, namely: 

 Source Area A – Fire training area; 

 Source Area B – Former fire training areas 

 Source Area C – Hangar 93 and foam disposal pit 

 Source Area D – Grounds maintenance area 

 Potential Source Area J – Former fuel farm; and 

 Potential Source Area R – RAAF Pearce landfill. 

PFAS was identified within soil and/or groundwater at each of these source areas, including 

concentrations that exceed the relevant adopted assessment levels and as such, these are 

considered to be the most impacted areas. Each area is discussed further in Section 12.1.1 to 

Section 12.1.6. 

It is also noted that groundwater samples collected from Potential Source Areas F (fitter’s 

workshop), K (BroadSpectrum compound), N (fire event) and S (police dog training site) had 

PFOS plus PFHxS concentrations above the LOR (e.g. monitoring well SS_MW49 within 

Potential Source Area S had a PFOS plus PFHxS detection of 0.44 µg/L). The groundwater 

concentrations within these areas were below the adopted assessment level for the Site 

(FSANZ non-potable and recreational), though with the exception of monitoring well SN_MW46 

within Potential Source Area N, the PFOS plus PFHxS concentrations exceeded the health 

based criterion of 0.07 µg/L that was adopted for off-Site private properties (FSANZ drinking 

water).   

Water samples collected from the ponds of the on-Site WWTP, Potential Source Area Q, 

reported elevated levels of PFAS (e.g. a maximum PFOS plus PFHxS concentration of 5.45 

µg/L). GHD understands that while the WWTP is currently operational, no water is discharged to 

the environment (i.e. it is an evaporative system). Furthermore, GHD understands that each of 

the four ponds receives water in a cycle (i.e. only one pond receives water at a time) to avoid 

overflow and release to the environment. Soil samples collected from Potential Source Area G 
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(former fire training area), where it is understood that treated wastewater was historically 

infiltrated, reported relatively low levels of PFAS (a maximum PFOS plus PFHxS concentration 

of 0.119 mg/kg). Additionally, PFAS was not detected in groundwater within the down-gradient 

monitoring well, PG_MW31. On this basis, Potential Source Area Q is not considered to be an 

active source of PFAS contamination. 

12.1.1 Source Area A – Fire training area 

The area is located in the centre of the airfield, east of the Fire Station and was used 

continuously for AFFF fire training from the late 1980s until 2003. During operation, large 

combustible items such as vehicle bodies and aircraft fuel stores were set alight and 

extinguished as part of training operations. Water and fire retarding chemicals including AFFFs 

such as 3M Light Water™ were used extensively to extinguish fires. Due to the lack of suitable 

facilities to conduct vehicle or aircraft fire training exercises that can capture AFFF residue in 

this area, the management response has been to cease all training and testing activities on the 

area (Aurecon 2010). 

The fire training area consists of a raised pad covered by compacted gravel and surrounded by 

grass. All discharged liquids would flow from the pad to the surrounding area and infiltrate into 

the soil. Some surface runoff would also be captured in the open drain located west of the pad 

which drains thorough the centre of the airfield and connects with Ellen Book to the south of the 

Site (SKM 2004). 

Figure 16b and Figure 16c show the identified lateral extent of PFAS in soil at the near-surface 

(0.1 m bgl) and at depth (between 0.5 m and 1.5 m bgl) respectively. PFAS concentrations 

above the adopted soil assessment levels (the NEMP 2018 commercial/industrial level) were 

recorded in the following areas: 

 Test location SA_HA17, located adjacent to the chemical storage area (asset reference 

A0479) where AFFF is currently stored. A PFOS plus PFHxS concentration of 81.5 mg/kg 

(the highest soil concentration recorded within the area) was recorded at 0.1 m bgl at this 

location.   

 The unsealed area to the north of the fire station where GHD understands that intensive 

testing of the “stickiness” of the AFFF was historically undertaken on trees (that have 

since been cut down). In this area, PFOS plus PFHxS concentrations of 44.5 mg/kg, 24.9 

mg/kg and 20.5 mg/kg were recorded at 0.1 m bgl at test locations SA_BH83, SA_BH88 

and SA_BH73 respectively.   

Other areas where PFAS was recorded, albeit at concentrations below the relevant assessment 

levels, included:  

 Test location SA_BH99 (12.1 mg/kg of PFOS plus PFHxS recorded at a depth of 0.1 m 

bgl), which was drilled in an unsealed area adjacent to the fire station. Based on 

interviews with base fire fighters, GHD understands that AFFF was historically discharged 

within this area.   

 A number of test locations located immediately adjacent to the sealed area (e.g. 

SA_BH84, SA_BH95, SA_HA14 and SA_HA09) recorded elevated PFOS plus PFHxS 

concentrations (up to 14.7 mg/kg). These results are indicative of the historical application 

of AFFF across the sealed area as part of training drills and subsequent run-off to the 

adjacent unsealed areas.  

The high density of underground services within the area limited GHD’s ability to assess the 

vertical extent of PFAS in soil at some locations. GHD had intended to obtain soil PFAS data to 

a depth of 3 m bgl, which would have required the use of a mechanical drill rig. However, upon 

review of underground service plans and the results of underground service scanning, the 
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project team considered that there was an unacceptable safety and infrastructure-damage risk 

level and therefore, the depth of the soil investigation within this area was limited to 1.5 m bgl.   

PFAS concentrations within soil samples obtained from greater than 0.5 m bgl were variable 

when compared to the concentrations recorded at the near-surface (i.e. 0.1 m bgl). In some 

instances, concentrations decreased with depth (e.g. at location SA_BH88, PFOS plus PFHxS 

reduced from 24.9 mg/kg at 0.1 m bgl to 7.21 mg/kg bgl), which is consistent with the nature of 

the contamination source (i.e. application of AFFF on the ground surface). However, at some 

locations, PFAS concentrations increased with depth (e.g. at test location SA_BH83, PFOS plus 

PFHxS increased from 8.97 mg/kg at 0.1 m bgl to 44.5 mg/kg at 1.5 m bgl). The elevated 

concentrations observed at these depths may be an expression of soil interactions with 

impacted groundwater, noting that the depth to perched groundwater in the area was measured 

at approximately 1.5 m bgl in September 2017 (in existing wells WA0067-MW052 and WA0067-

MW053 that targeted the perched aquifer).   

12.1.2 Source Area B – Former fire training areas  

This area consists of two former fire training areas located within bushland to the north and 

south of the aircraft washdown area (refer to Figure 17a). The southern area was used during 

the 1960s while the northern area was used during the 1980s. AFFF was used in both areas 

and would have discharged directly onto unsealed ground and infiltrated into the soil or run-off 

into the nearby open surface water drains and subsequently into Ki-it Monger Brook.  

PFAS in soil in this area appears to be restricted to the southern fire training area, where a 

single exceedance of the health based assessment level (the NEMP 2018 commercial/industrial 

level) was recorded at test location SA_HA38 at a depth of 0.1 m bgl. PFOS concentrations at 

this location also exceeded the ecology based assessment level at both 0.1 and 0.5 m bgl.   

With reference to Figure 17b and Figure 17c, the extent of PFAS in the soil was relatively 

localised. As with Source Area A (fire training area, refer to Section 12.1.1), PFAS 

concentrations within soil samples obtained from greater than 0.5 m bgl were variable when 

compared to the concentrations recorded at the near-surface (i.e. 0.1 m bgl). Soil samples 

obtained from 2.0 m bgl when installing monitoring wells SB_MW04 and SB_MW05 reported 

PFOS plus PFHxS concentrations of 2.92 and 2.34 mg/kg respectively, which may be an 

expression of soil interactions with seasonal perched groundwater, noting the clay layers 

observed around this depth when installing the monitoring wells (refer to the monitoring well 

logs in Appendix E).   

12.1.3 Source Area C – Hangar 93 and foam disposal pit  

Hangar 93 includes an AFFF deluge system which is fed by a 4000 L AFFF tank. The system 

was installed in 2000 and has been accidentally activated on a number of occasions due to 

system malfunctions or power surges.   

A foam disposal pit is also present which is used to test AFFF. Following testing, the contents of 

the pit are pumped into an aboveground storage tank and the pit is flushed. It is understood that 

the foam disposal pit was used infrequently and was prematurely decommissioned due to 

concerns about its integrity.   

The highest recorded PFAS soil concentration in Source Area C (Hangar 93 and foam disposal 

pit), was PFOS plus PFHxS at a maximum of 0.203 mg/kg at 0.1 m bgl at location SC_MW07. 

However, PFOS plus PFHxS was recorded in groundwater at concentrations exceeding the 

adopted assessment levels at location SC_MW08, located adjacent to the AFFF disposal pit, 

and at SC_MW09. Groundwater impacts are discussed further in Section 12.2.2.   
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12.1.4 Source Area D – Grounds maintenance area 

The grounds maintenance area is located in the central-eastern portion of the site and used for 

storage of grounds maintenance plant and equipment.   

ERM (2013) suggested that uncontrolled releases of chemicals had occurred in the area 

resulting in run-off to a surface water drain located outside the north-west corner of the 

maintenance area. It was here that the highest soil PFAS concentrations on-Site were recorded 

with 315 mg/kg of PFOS plus PFHxS detected at 0.5 m bgl at test location SD_HA58. This 

concentration (and the concentration of 59.7 mg/kg reported at 0.1 m bgl at the same location) 

exceeded the relevant adopted health based assessment level (NEMP 2018 commercial/ 

industrial level).   

With reference to Figure 19b and Figure 19c, the extent of PFAS in soil in this area is relatively 

localised. For the reasons described in Section 12.1.1, assessment of the vertical extent of 

impact was limited to 1.5 m bgl. The highest reported concentration was observed at 0.5 m bgl 

at SD_HA58. Based on the concentrations reported in deeper soil at test location SD_MW12 

(i.e. PFOS plus PFHxS concentrations of 0.166 mg/kg and 0.108 mg/kg at 1.3 m and 2.0 m bgl 

respectively), located approximately 5 m to the south, the concentrations of PFAS in soil below 

1.5 m bgl are unlikely to be significant. The results indicate that there is substantial attenuation 

in PFAS concentrations from the surface to the deeper soil.   

12.1.5 Potential Source Area J – Former fuel farm 

Information provided by Defence on 12 July 2017 indicated that four cabinets located at the 

former fuel farm had been found to contain drums of 3M LightwaterTM. Furthermore, it is 

understood that an AFFF deluge system, associated with two aviation fuel tanks, existed in the 

northern portion of the fuel farm. It is not known what quantity of foam was contained within the 

deluge system, nor is it known if the foam was ever discharged. 

Soil boreholes targeted the identified storage locations and the deluge system. The highest 

PFAS concentration recorded was PFOS plus PFHxS at 0.859 mg/kg recorded at 0.1 m bgl at 

test location SJ_BH199. However, PFOS plus PFHxS recorded in the groundwater sample 

collected at location SJ_MW44, located approximately 45 m down-gradient of the former fuel 

farm, exceeded the adopted assessment level (NEMP 2018 recreational water use). 

Groundwater impacts are discussed further in Section 12.2.2.   

12.1.6 Potential Source Area R – RAAF Pearce landfill 

The landfill is located approximately 500 m north of the Site boundary. An investigation of the 

landfill carried out in 2005 (GHD 2005) found a range of waste types including construction and 

demolition waste, metal, automotive, industrial and domestic waste. Based on information 

provided by Base personnel, GHD understands that empty or old drums of AFFF may have 

historically been disposed of into this landfill. In this respect, it is noted that GHD (2005) 

encountered 44 gallon drums and it is possible that these included drums of AFFF.    

Based on the results of the GHD (2005) investigation, the waste mass comprises an area of 

approximately 7.4 ha (the lateral extent of the waste is shown on Figure 31). A landfill cap of 

approximately 0.5 m thickness was encountered overlying the waste. The waste material was 

generally encountered to approximately 2 m bgl, though scattered deeper pockets were 

observed, extending to a maximum depth of 3.3 m bgl. The investigation did not include 

analysis of soil or groundwater for PFAS, as PFAS was not a standard inclusion in analytical 

suites for contamination investigations at the time.   

The DSI has identified PFAS in groundwater immediately beneath the waste mass. 

Groundwater impacts are discussed further in Section 12.2.2. Soil sampling was not completed 
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at the landfill given the presence of a capping layer overlying the waste. The capping layer, 

along with the landfill being a Defence controlled site with restricted access, is considered to 

restrict exposure of the waste material to receptors.  

12.2 Transport pathways 

12.2.1 Surface water migration 

The main pathway for PFAS migration from the Site appears to be run-off or leaching from 

surface soil to surface water and subsequent surface water migration. This conclusion is 

supported by the surface water modelling (refer to Section —). With reference to Section 4.2, 

there are numerous open drains traversing the Site that divert surface water to Ellen and Ki-it 

Monger Brooks. Concentrations of PFAS, exceeding the relevant health based assessment 

levels (NEMP 2018 recreational water use), have been identified in surface waters of these 

drains including a maximum PFOS plus PFHxS concentration of 424 µg/L recorded at test 

location PD_SW07 in August 2017. This test location is located adjacent to Source Area A (fire 

training area) and the elevated surface water concentration is consistent with run-off from the 

impacted soils identified within this area. The reported PFAS concentrations within the on-Site 

drainage channels are also consistent with the relatively low TOC, CEC and pH of soils within 

the Source Areas (refer to Section 9.1.1), which indicate a limited potential for PFAS to bind to 

organic content and therefore reduce its mobility within surface water runoff.      

Consistent with the SAQP (GHD 2016g), sampling of the on-Site drainage channels was 

completed following rainfall events. Approximately 35.6 mm of rainfall was recorded during 

September 2016 in the lead up to the sampling event and approximately 125.6 mm of rainfall 

was recorded in August 2017 in the lead up the sampling event on 22 August 2017 (BoM 2017). 

Lower concentrations were generally observed at the August 2017 sampling event compared to 

the September 2016 event.   

Within Ellen and Ki-it Monger Brooks, PFAS surface water concentrations were lower than 

those recorded in the on-Site drainage channels with a maximum PFOS plus PFHxS 

concentration of 11.3 µg/L recorded in Ki-it Monger Brook at test location RK_SW14 in 

September 2016. The lower concentrations in the Brooks when compared to the drainage 

channels is reflective of surface water migrating from the source of impact and being diluted and 

dispersed by other surface water sources. Alternatively, the lower concentrations observed 

within the Brooks may be reflective of PFAS binding to the sediments of the on-Site drainage 

channels. In this respect, a maximum PFOS sediment concentration of 3.51 mg/kg was 

recorded in the drainage channels. However, the organic carbon content of the drainage 

channel sediments was relatively low (i.e. a maximum of 2.4% and an average of 1.16%, refer 

to Table 47) and with reference to CRC CARE (2017), PFOS adsorption to soils is strongly 

related to higher organic carbon content.   

PFAS concentrations within surface water samples collected from the southern reaches of Ellen 

Brook, downstream of the Site towards the Swan River (locations RE_SW18 and RE_SW27 to 

RE_SW32), generally decreased with distance from the Site or, in the case of the August 2017 

event, were relatively consistent, as demonstrated by Figure G. PFOS plus PFHxS 

concentrations above the health based assessment level were observed as far downstream as 

test location RE_SW37, approximately 900 m downstream of the Site. PFOS concentrations 

above the ecology based assessment level were recorded as far as test location RE_SW29, 

located 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. PFOS plus 

PFHxS was detected at a maximum concentration of 0.0792 mg/kg) and reduced further in the 

southern reaches of Ellen Brook (i.e. PFOS plus PFHxS was detected at a maximum 

concentration of 0.0039 mg/kg between test locations RE_SW27 and RE_SW32).   
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Figure G PFOS plus PFHxS concentrations in downstream Ellen Brook 

Surface water in downstream Ellen Brook was sampled on two occasions, in April 2017 

representing post-summer conditions, and August 2017 representing end-of-winter conditions.  

As reflected in Figure G, higher PFOS plus PFHxS concentrations were generally recorded on 

the post-summer event. No rainfall was recorded throughout the month of April 2017 (BoM 

2017) and therefore, on this sampling event, surface water within Ellen Brook was observed as 

a series disconnected stagnant pools or, at locations RE_SW30 to RE_SW32, as very slow 

flowing water. The lower concentrations recorded during the end-of-winter event may be a 

reflection of the increased volume and flow of surface water observed within the brook during 

this event, noting that approximately 125.8 mm of rainfall was recorded throughout August 2017 

up until the sampling event (BoM 2017), resulting in increased dilution and dispersion of PFAS.   

Given that sampling of Ellen Brook has been completed in both post-summer and post-winter 

conditions, GHD considers that adequate representation of the temporal variation in PFAS 

concentrations within the brook has been obtained.  

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 

was recorded). Therefore, 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). The EC 

concentrations recorded in these drainage channels were elevated when compared to the on-

Site drainage channels (i.e. an average of 463 µS/cm compared to 136 µS/cm) which is also 

consistent with the surface water being from a different source to that of the Site.   

Surface water inundation of Lot 200 from Ellen Brook does not appear to be a significant PFAS 

transport pathway. PFAS soil concentrations recorded at 21 test locations across Lot 200, 

including at locations immediately adjacent to Ellen Brook, opposite the Site drainage discharge 

points (refer to Figure 33), were low with a maximum reported PFOS plus PFHxS concentration 

of 0.0008 mg/kg. These results indicate that inundation with impacted surface water from Ellen 
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Brook following heavy rainfall events has not led to significant PFAS transport and subsequent 

impact to soil.     

12.2.2 Groundwater migration 

Vertical migration to groundwater 

Leaching of PFAS from soil to groundwater and subsequent migration of groundwater appears 

to be occurring within the identified Source Areas. With reference to Section 9.1.19, leachable 

concentrations of PFAS were recorded in soil samples collected from the Source Areas (e.g. a 

maximum leachable component of 12.02% PFOS plus PFHxS and 10% PFOA recorded in 

Source Area B; former fire training areas) and this indicates that the impacted soil could be 

acting as an ongoing secondary source of groundwater impact.   

Where seasonal perched groundwater was identified, PFAS concentrations were higher than in 

the underlying regional aquifer. This is evident in particular within Source Area A (fire training 

area). Wells WA0067-MW15, WA0067-MW052, WA0067-MW053 and WA0067-MW055 were 

installed within Source Area A by others to depths of between 4 and 6 m bgl. Groundwater 

within these wells was measured at depths of between 1.01 and 5.26 m bgl, compared to 

depths of between 7.99 and 8.56 m bgl measured in the wells installed within the same area by 

GHD that targeted the shallow portion of the regional aquifer. The measured groundwater levels 

and the shallow clay layers observed when drilling in the area, along with the information 

presented in previous reports (refer to Section 4.4), support the presence of a perched water 

table.  

Within Source Area A (fire training area), PFOS plus PFHxS groundwater concentrations of 

12,300 µg/L (the highest recorded within the Investigation Area) and 491.9 µg/L were detected 

within the perched aquifer at monitoring wells WA0067-MW052 and WA0067-MW15 

respectively. PFOS plus PFHxS concentrations in GHD wells SA_MW01 and SA_MW02 

(located 25 m down- and 30 m cross-gradient of well WA0067-MW15 respectively) of 47.6 µg/L 

and 32.6 µg/L respectively indicate that there is substantial attenuation in PFAS concentrations 

from the perched aquifer to the underlying shallow portion of regional aquifer. The relatively 

lower concentrations recorded within the shallow portion of the regional aquifer are likely a 

result of the shallow clay layers hindering the downwards migration of PFAS from the perched 

water table. With reference to Section 9.1.1, clay content was highest within Source Area A (fire 

training area), where soil samples collected from between 0.1 and 1.5 m bgl had a maximum of 

51% and an average of 24% clay. 

It should be noted that the groundwater investigation component of the DSI focussed on 

impacts to the regional aquifer, as this is the aquifer from which groundwater users are 

abstracting water.   

Migration on the Site and Source Areas 

The majority of the down-gradient wells installed within the airfield (e.g. PG_MW32S/D to 

PG_MW35S/D) and at the down-gradient Site boundary (e.g. BW_MW15, BW_MW19, 

BW_MW20, BW_MW22S/D to BW_MW24S/D, GM_MW38 and GM_MW40S/D) did not record 

PFAS concentrations greater than the LOR. This indicates that PFAS has generally not 

migrated at substantial concentrations significant distance from the source of impact. The 

generally low hydraulic conductivities measured within the regional aquifer (i.e. between 0.0094 

and 0.37 m/day) and low horizontal gradients across the Site (i.e. between 0.002 and 0.01) 

further support the low potential for PFAS to migrate a significant distance within the regional 

aquifer.     

Monitoring wells installed down-gradient of the key on-Site Source Areas, within the airfield and 

at the Site boundary, did not record PFAS greater than the LOR with the exception of 
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BW_MW22S (0.87 µg/L PFOS plus PFHxS), GM_MW39 (2.27 µg/L PFOS plus PFHxS) and 

BW_MW18 (0.06 µg/L PFOS plus PFHxS). The concentration at BW_MW22S may be a result 

of migration through groundwater from Source Area A (fire training area), noting the interpreted 

groundwater flow direction from Source Area A towards this monitoring well (refer to Figure 6a). 

However, with reference to Section 11.1, the groundwater modelling shows limited potential for 

migration of PFAS over this distance to occur even after a conservative timeframe of 90 years 

and without the influence of contaminant retardation factors such as dispersion, dilution and 

degradation. The overall dataset suggests that surface water migration is the primary 

mechanism of PFAS flux from the base with PFAS groundwater contributing much less to the 

contaminant flux. Therefore, it is considered possible that the PFAS recorded in groundwater 

from this well is a result of discharge of impacted surface water from either Ellen Brook or the 

on-Site drainage channel that passes the monitoring well approximately 50 m to the south 

(outlet E5 shown on Figure 3).  

The concentrations of PFAS in groundwater at monitoring wells BW_MW18 and GM_MW39 

may be the result of groundwater migration from Source Area B (former fire training areas), 

noting that groundwater flow beneath this part of the Site is more southerly (refer to Figure 6a 

and Figure 7a ). Alternatively, similar to BW_MW22S, the detections in these wells may be a 

reflection of surface water discharge from Ki-it Monger Brook to groundwater. With reference to 

Section 8.3.2, surface and groundwater levels indicate that Ki-it Monger Brook is a potentially a 

‘losing’ brook and elevated concentrations of PFOS plus PFHxS were recorded in the Brooks at 

test locations close to these wells (e.g. concentrations of 1.95 µg/L and 11.3 µg/L were recorded 

at locations RK_SW11 and RK_SW14 respectively in September 2016, which are located near 

wells BW_MW18 and GM_MW39 respectively).  

At the off-Site Potential Source Area R, the RAAF Pearce landfill, PFAS was detected in 

groundwater in well PMW02 (96.6 µg/L of PFOS plus PFHxS) which is located in the central-

eastern portion of the landfill waste mass. Based upon the site-specific groundwater contours 

interpolated by GHD in 2005 and as part of this investigation (refer to Figure 6a), groundwater 

flow beneath the landfill is west south-westerly. Therefore, well PMW05 is deemed to be 

positioned on the down-gradient edge of the landfill waste mass. This well recorded significantly 

lower PFAS concentrations compared to well PMW02 (e.g. a PFOS plus PFHxS concentration 

of 0.03 µg/L) and therefore, the groundwater impact at this Source Area appears to be localised.  

Groundwater monitoring of these wells and the installation of additional monitoring wells at and 

surrounding the Source Area would provide greater confidence regarding the extent of impact 

and potential for impacts to down-gradient receptors in future.     

PFAS was detected in groundwater in well SJ_MW_44 (15.8 µg/L of PFOS plus PFHxS) located 

approximately 60 m down-gradient of Potential Source Area J, the former fuel farm. As with 

Potential Source Area R, ongoing monitoring of well SJ_MW44 and additional down-gradient 

monitoring wells would provide greater confidence in defining the extent and flow direction of 

PFAS in groundwater associated with this Source Area.     

PFAS was detected at the up-gradient Site boundary well, MWBG, on both the October 2016 

and September 2017 groundwater sampling events, including PFOS plus PFHxS concentrations 

of 1.41 µg/L and 0.82 µg/L respectively, exceeding the adopted health based assessment level.  

The source of these detections is unknown. The well is located cross-gradient from the RAAF 

Pearce landfill (Potential Source Area R) and the absence of PFAS in well BW_MW14, located 

in-between the landfill and well MWBG, indicates the landfill is not likely to be the source. A 

WWTP is located adjacent to the well, on the eastern side of Great Northern Highway. A surface 

water sample was collected from one of the infiltration basins at this WWTP (sample BS10 

described in Section 9.3.6) and the concentrations recorded were much lower (i.e. a PFOS plus 

PFHxS concentration of 0.01 µg/L) than those recorded at well MWBG, suggesting that the 

WWTP is not likely to be the source, although it may have contributed historically.  
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PFAS was not detected in groundwater within any of the wells that targeted the deeper portions 

of the regional aquifer (i.e. screened sections installed from 24 m to 30 m bgl), including the 

deeper wells installed along the down-gradient Site boundary, adjacent to Ellen Brook (i.e. 

BW_MW22S/D to BW_MW24S/D). This indicates that it is unlikely that PFAS is migrating 

across the Site and beyond the Site boundary within the deeper portion of the regional aquifer.  

Migration off-Site - West Bullsbrook 

PFAS was not detected above the LOR within any of the groundwater sampled from monitoring 

wells installed to the west of Ellen Brook, including bores targeting both the shallow and deeper 

portions of the regional aquifer, with the exception of monitoring well GM_MW37 which had a 

PFOS plus PFHxS concentration of 0.03 µg/L. GM_MW37 is located approximately 800 m 

south of the West Bullsbrook residential area.   

It is noted that the topography of Lot 200 and the West Bullsbrook residential area is generally 

flat (i.e. an elevation of approximately 35 m AHD as presented on Figure 2) and therefore, the 

depths of the monitoring wells installed by GHD in this area are considered likely to correlate 

with the depths of the private bores. It is noted that the private bores within the Investigation 

Area are installed to depths of between 9.75 m and 36 m bgl with an average depth of 22.83 m 

bgl (based on DWER data presented in Section 9.4.4). Monitoring wells installed by GHD 

targeting the shallow portion of the regional aquifer were generally screened between 6 and 12 

m bgl while bores targeting the deeper portion of the regional aquifer were screened between 

24 and 30 m bgl. Therefore, the data obtained from the wells installed in West Bullsbrook is 

considered to be generally representative of the groundwater water being abstracted by bore 

users in this area.   

PFAS was recorded at concentrations above the LOR in groundwater collected from 14 private 

bores located within West Bullsbrook and two of these had PFOS plus PFHxS concentrations in 

excess of the drinking water assessment level (Bore 3 and Bore 31 as presented in Table 68, 

Section 9.4.4). Twelve of the detections were located within the residential development and 

two were further north between Lot 200 and Almeria Parade. It must noted that at the request of 

some residents, specific data (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 heavy flood events 

and secondarily, groundwater migration from the Site. This is supported by the following lines of 

evidence:  

 A PFOS plus PFHxS concentration of 4.46 µg/L was recorded in surface water at location 

RE_SW05, which is located at the on-Site drainage outlet to Ellen Brook E5 adjacent to the 

West Bullsbrook residential area (refer to Figure 3). Additionally, PFOS plus PFHxS 

concentrations ranging from 0.0362 µg/L to 0.127 µg/L were recorded at surface water 

sampling locations RE_SW04, RE_SW06, RE_SW22 and RE_SW23 which are located in 

the vicinity of the eastern side of the West Bullsbrook residential area. These concentrations 

are similar to those recorded in the West Bullsbrook private bores. 

 The groundwater and surface water level data obtained 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. It is therefore considered possible that Ellen 

Brook is discharging surface water to groundwater at certain times of the year. Heavy flood 

events, particularly those occurring in autumn or early winter when groundwater levels are 
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low (i.e. April to June), could also cause increased discharge of surface water to 

groundwater to occur.   

 With reference to Table 74, bores within the West Bullsbrook area that had PFAS 

concentrations above the LOR also had elevated TDS and oxidation-reduction (redox) 

values when compared to bores without detects (i.e. an average TDS of 974.1 mg/L 

compared to 526.7 mg/L and an average redox of 43.29 mV compared to 9.27 mV). The 

elevated TDS and redox values broadly correlate with the values recorded in Ellen Brook 

(i.e. an average TDS of 1,388 mg/L and an average redox of 65.75 mV). This suggests 

connectivity between the surface water of Ellen Brook and the groundwater sampled at the 

private bores where PFAS was detected.  

Table 74 Comparison of private bore and surface water physicochemical 

parameters 

Area / bore type DO 

(mg/L) 

EC 

(µS/c

m) 

TDS 

(mg/L) 

pH ORP 

(mV) 

Average groundwater physicochemical parameters 

West Bullsbrook private bores with PFAS 

>LOR 

2.71 1,283 974.1 7.63 43.29 

West Bullsbrook private bores with PFAS 

<LOR 

2.19 796.1 526.7 7.49 9.27 

On-Site monitoring wells near south-eastern 

boundary1 

1.54 4,150 2,895 5.92 5.8 

Bores south and east of Site with PFAS 

>LOR 

2.5 1,370 1,072 5.74 157.5 

Bores south and east of Site with PFAS 

<LOR 

3.74 1,961 1,490 5.83 87.2 

Average surface water physicochemical parameters 

Ellen Brook 6.40 1,335 1,388 7.37 65.75 

Ki-it Monger Brook 5.54 792.6 684.6 7.71 55.0 

1. Includes monitoring wells BW_MW17, BW_MW18 and SB_MW03 to SB_MW05 

PFAS flux from the site via groundwater migration is considered to have a lesser contribution 

than in surface water to the private bores of West Bullsbrook based upon the following lines of 

evidence:  

 The measured groundwater levels indicate that the groundwater flow direction between 

the Source Areas and West Bullsbrook is generally to the south-west, whereas 

groundwater flow beneath the West Bullsbrook area is generally to the south-east, as 

discussed in Section 4.4 and 8.2.3.  
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 As discussed in Section 9.4.5, analysis of the major ion composition of groundwater 

within the Investigation Area indicates that groundwater chemistry differs in the West 

Bullsbrook area compared to that of the Site, indicating that groundwater beneath West 

Bullsbrook is likely of a different origin to that beneath the Site.  

 The hydrogeological modelling (refer to Section 11) demonstrates that under average 

climatic conditions, PFAS in groundwater at the six main source areas would generally 

migrate in a south-westerly direction across the Site, discharge into Ellen Brook and 

subsequently migrate downstream as surface water in Ellen Brook (refer to Figure 43). 

The regional model was conservative, assuming a timeframe of 90 years and no 

influence of contaminant retardation factors such as dispersion, dilution and degradation. 

 The modelling used licenced abstraction rates (available via DWER) and conservatively 

estimated unlicensed abstraction rates to assess whether groundwater abstraction in 

West Bullsbrook could influence groundwater flow direction in the area. The modelling 

indicates that the abstraction rates are not high enough to draw groundwater from the 

Site in a westerly direction towards the private bores.   

The source of the PFAS concentration recorded at the two private bores located further north of 

the West Bullsbrook residential area, between Lot 200 and Almeria Parade, is not known (refer 

to Figure 37). The data obtained does not indicate the presence of a complete pathway for 

migration of PFAS from the Site or associated Defence owned land parcels within the 

Investigation Area to these bores, as demonstrated by the following lines of evidence:  

 The interpreted groundwater flow direction in the vicinity of this bore (i.e. south-easterly) 

is not consistent with that beneath the Site (i.e. south-westerly). 

 The bores are located a significant distance from surface water bodies (i.e. approximately 

850 m from Ellen Brook, 550 m from the creek traversing Lot 200 and 800 m from the 

West Bullsbrook drainage channel).  

 Although there was a former fire training area located at the corner of Neaves Road and 

Almeria Parade (i.e. Potential Source Area O), PFAS was not recorded in groundwater at 

concentrations above the LOR in this area.  

The installation and monitoring of additional groundwater monitoring wells in the vicinity of these 

two privates bores could be undertaken to reduce uncertainty with respect to the source of the 

recorded concentrations. It is anticipated that this could be done as part of an ongoing 

groundwater monitoring program.   

Migration off-Site – south-east of the Site 

Two private bores located to the south and east of the Site also had PFAS concentrations 

above the laboratory LOR and one of these had a PFOS plus PFHxS concentration in excess of 

the drinking water assessment level. One bore was located approximately 200 m to the east of 

the site (Bore 9), on the eastern side of Ki-it Monger Brook up-stream of the Site and was 

recorded in May 2016. The other was located approximately 200 m south of the site, 

downstream, adjacent to Ellen Brook and was recorded in August 2016 (Bore 19). It is noted 

that Bore 9 recorded PFAS concentrations less than the laboratory LOR on the September 2017 

sampling event and Bore 19 recorded PFAS concentrations less than the laboratory LOR on 

both the January 2017 and September 2017 sampling events. The PFAS detected in 

groundwater at these two bores are considered likely to be the result of groundwater migration 

from the Site, based upon the following: 

 With reference to Figure 6a, the groundwater flow direction beneath the south-eastern 

portion of the Site (i.e. in the vicinity of Source Area B; former fire training areas, Potential 

Source Area S; police dog training site and Ki-it Monger Brook) is interpreted to be 
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southerly to south-easterly. PFAS was detected in several groundwater monitoring wells 

in this portion of the Site (e.g. PFOS plus PFHxS concentrations of 276 µg/L at 

SB_MW04, 0.44 µg/L at SS_MW49 and 0.06 µg/L at BW_MW18). Given the interpreted 

flow direction and the PFAS detections in this area there appears to be potential for PFAS 

impacted groundwater to migrate off-Site to the south and south-east.  

 With reference to Section 8.3.2, gauging of water levels within Ki-it Monger Brook and the 

nearby groundwater monitoring wells indicates that groundwater flows beneath Ki-it 

Monger Brook during both post-winter and post-summer periods. 

 With reference to Table 74, the average pH of 5.92 in monitoring wells near the south-

eastern Site boundary (i.e. wells BW_MW17, BW_MW18 and SB_MW03 to SB_MW05) is 

broadly consistent with the average pH recorded in private bores to the south and east of 

the Site (i.e. an average pH of 5.74 in the two bores with PFAS above the LOR and an 

average pH of 5.83 in those that did not). The physicochemical profile of groundwater in 

these areas is significantly different from that of the surface water in Ki-it Monger Brook, 

suggesting a limited influence from discharge of surface water to groundwater from the 

Brook.  

12.2.3 Airborne migration  

Wind dispersion of PFAS impacted soil is not considered to be an active migration pathway 

given that the Source Areas where elevated near-surface soil impacts were identified are 

generally sealed or vegetated, thereby minimising dust generation. Significant dust generation 

is only expected in the event that ground disturbance is undertaken, such as for redevelopment 

or underground service installation. In such instances, it is anticipated that typical dust control 

measures would be implemented (i.e. water suppression and the use of personal protective 

equipment).   

Additionally, levels of exposure through dust inhalation are typically orders of magnitude lower 

than oral ingestion of impacted soil or water (CRC CARE 2017).   

12.3 Exposure routes 

12.3.1 Human health exposure routes 

Based upon the identified PFAS sources and transport pathways, it is considered that human 

receptors within the Investigation Area may be exposed to PFAS by the following exposure 

routes: 

 Incidental ingestion of impacted soils and sediments. 

 Incidental ingestion of impacted surface water. 

 Incidental ingestion of impacted groundwater.   

 Direct consumption of impacted groundwater. 

 Direct consumption of impacted fish.  

 Direct consumption of impacted produce.  

Direct contact with impacted soil resulting in dermal absorption of PFAS through the skin is not 

considered to be an active exposure pathway. Studies have shown that under normal pH 

conditions, the potential for dermal exposure of PFAS is limited and that dermal adsorption will 

not significantly contribute to the level of risk posed (CRC CARE 2017).    

It is noted that incidental ingestion of groundwater on-Site is considered limited to Base 

personnel or contractors who may encounter seasonal perched groundwater when conducting 
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ground-intrusive maintenance activities. In this respect and with reference to Section 4.5, GHD 

understands that groundwater is no longer abstracted for any purpose at the Site. Additionally, 

the depth to the regional water table was generally in the vicinity of 7 m bgl, beyond the typical 

depth of underground service installation.     

While PFOS plus PFHxS has been detected in fish samples at concentrations exceeding the 

FSANZ (2017b) assessment level for human consumption (0.0052 µg/L), it is noted that the 

majority of fish caught were small (i.e. ranging from 36 mm to 105 mm in length) and are 

therefore not likely to be consumed by humans. However, the occurrence of larger fish within 

the Brooks and their consumption cannot be entirely precluded. In this respect, the results of the 

aquatic biota analysis are considered to provide an indication as to the PFAS concentrations 

that could be expected within larger fish.   

12.3.2 Ecological exposure routes  

Ecological receptors within the Investigation Area may be exposed to PFAS by the following 

exposure routes: 

 Direct contact and uptake of impacted soil and sediment. 

 Direct contact, uptake or ingestion of impacted groundwater. 

 Direct contact, uptake or ingestion of impacted surface water.  

 Direct consumption of flora and fauna that is impacted from exposure to impacted soil, 

sediment, surface water and/or groundwater.  
 

12.4 Receptors 

12.4.1 Human receptors 

Based upon the identified PFAS sources, transport pathways and exposure pathways, and the 

results of the DSI, the following human receptors may be exposed to PFAS within the 

Investigation Area: 

 RAAF Base Pearce personnel or contractors who work at the Site on a daily basis and 

may be exposed to soil, sediment, surface water or groundwater containing PFAS, 

including: 

– Workers who conduct non-intrusive maintenance activities such as gardening. 

– Maintenance workers who conduct occasional ground-intrusive works such as repair 

or installation of underground services. 

 People at off-Site private properties who may directly consume impacted groundwater.   

 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.   

 People at off-Site private properties who may incidentally orally ingest impacted 

groundwater when using groundwater for non-potable purposes (e.g. showering, washing 

dishes or watering plants).  

 People at off-Site properties who may consume produce that has been watered with 

groundwater containing PFAS.  

 People at off-Site properties who may incidentally ingest soil that has been watered with 

groundwater containing PFAS. 
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 People in the Investigation Area who may be exposed to or accidentally ingest PFAS 

surface water if using Ellen or Ki-it Monger Brooks for recreational activities (e.g. 

swimming or fishing).    

 People in the Investigation Area who may directly consume fish or crustaceans caught in 

Ellen or Ki-it Monger Brooks. 

 Users of the on-Site childcare centre who may incidentally ingest impacted soil.  

12.4.2 Ecological receptors 

The following ecological receptors may be exposed to PFAS within the Investigation Area: 

 Terrestrial biota (flora and fauna) within Source Areas B (former fire training areas) and 

potential Source Areas I (crash site B) and S (police dog training site) which include 

ecologically sensitive areas (i.e. Bush Forever), that may uptake or be directly exposed to 

PFAS in soil and groundwater, including: 

– Grasses and other flora. 

– Lower order fauna such as earthworms and insects. 

– Higher order animals such as birds, rabbits and native marsupials. 

 Birds foraging within Source Area A (fire training area) that may uptake or be directly 

exposed to PFAS in soil and pooled surface water. 

 Police dogs, that train within Potential Source Area S (police dog training site) and 

occasionally use Ki-it Monger Brook for recreation, and may ingest or be directly exposed 

to soil, sediment, surface water or biota.  

 Aquatic biota of Ellen and K-it Monger Brooks including. 

– Aquatic flora and lower order fauna that may uptake PFAS from impacted sediments 

or be directly exposed to surface water containing PFAS.  

– Higher order consumers of impacted surface water, flora and lower order fauna.   

 Terrestrial biota surrounding Ellen and Ki-it Monger Brook that may be inundated with 

surface water from the Brooks during heavy rainfall events.  

 Livestock (bulls and horses) within Lot 200 that may directly consume or come into 

contact with soil or surface water in Ellen Brook.  

12.5 Qualitative risk assessment 

Table 75 presents the identified potentially complete exposure pathways for each media. The 

table includes a qualitative assessment of the level of risk posed to the receptors associated 

with each potentially complete exposure pathway and a conclusion on whether or not the 

exposure pathway is complete (i.e. if exposure is actually expected to occur) based upon the 

qualitative risk assessment.   
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Table 75 CSM and qualitative risk assessment  

Impacted media Exposure Route Potential 
Receptor(s) 

Qualitative Risk Assessment Further  

Assessment 

Required?  

Soil 

 

Incidental 
ingestion of 
impacted soil 

 

Human - Base 
workers 

Source Area A (fire training area) – PFOS plus PFHxS concentrations exceeded the health based assessment level in the near-surface 
soils.  The impacted areas are currently unsealed and easily accessible and therefore, this pathway is considered to present a 
potentially increased risk of exposure to base workers in this area and requires further assessment as part of the HHERA. 

Yes 

Source Area B (former fire training areas) – PFOS plus PFHxS concentrations exceed the health based assessment level in the near-
surface soils. However, the area is located within a fenced portion of bushland. It is understood that the area is no longer used for fire 
training. The area is currently a conservation reserve and therefore, future development of the area is considered unlikely. On this 
basis, this pathway is considered to present a low risk of exposure to base workers in this area.   

No 

Source Area D (grounds maintenance area) – PFOS plus PFHxS concentrations exceed the health based assessment level in the 
near-surface soils. The impacted area is currently unsealed and easily accessible and therefore, this pathway is considered to present a 
potentially increased risk of exposure to base workers in this area and requires further assessment as part of the HHERA.    

Yes 

Source Area R (RAAF Pearce landfill)– GHD understands that Source Area R, the landfill site, features a capping layer. The capping 
layer, along with the landfill being a Defence controlled site with restricted access, is considered to restrict exposure of the waste 
material to receptors. On this basis, this pathway is considered to present a low risk of exposure to base workers in this area.      

No 

Source Area C, Potential Source Areas E, F, G, H, I, J, K, S – Soil samples collected from these areas did not contain PFAS at 
concentrations above the adopted health based assessment levels.  Additionally, Source Area C (hangar 93 and foam disposal pit) and 
Potential Source Area F (fitter’s workshop) feature hardstand that limits exposure to workers conducting non-intrusive activities.  On this 
basis, this pathway is considered to present a low risk of exposure to base workers in these areas.    

No 

Human – 
residents at off-
site private 
properties 

Soil samples collected from Lot 200 and the private properties did not detect PFAS at concentrations above the adopted health based 
assessment levels.  On this basis, this pathway is considered to present a low risk of exposure to residents at off-site properties.     

No 

Human - users of 
the childcare 
centre 

PFOS plus PFHxS was detected in one soil sample at a concentration exceeding the adopted health based assessment level.  The 
area is unsealed and easily accessible by users of the centre. It is noted that the adopted assessment level applies to residential land 
use and assumes consumption of home-grown produce and subsequent bioaccumulation. Growth and consumption of produce is 
unlikely to occur at a childcare centre and therefore, the exceedance is unlikely to present an elevated risk to users of the centre. This 
exposure pathway will be assessed further as part of the HHERA.  . 

Yes 

Direct contact 
and uptake of 
impacted soil  

Ecological – 
terrestrial biota  

 

With reference to Section 4.6.2, Source Areas A (fire training area) and B (former fire training areas) and Potential Source Areas I 
(crash site B) and S (police dog training site) feature sensitive terrestrial ecology. PFAS has been detected in the near-surface soils of 
these areas however, there are currently no Australian regulatory endorsed ecology based soil assessment levels. The impacted areas 
are unsealed and easily accessible to terrestrial ecology and terrestrial biota samples collected from Source Areas A (fire training area) 
and B (former fire training areas) had detectable concentrations of PFAS. The biota sampled included lower order species (i.e. 
invertebrates and plants) that may be consumed by higher order species resulting in PFAS bioaccumulation. On this basis, it is 
considered that this exposure pathway is complete and requires further assessment as part of the HHERA. 

Yes 

Ecological - 
Livestock 

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses).  PFAS has been detected in the near-surface soil of 
Lot 200 however, there are currently no Australian regulatory endorsed livestock based soil assessment levels. On this basis, it is 
considered that this exposure pathway is complete and requires further assessment as part of the HHERA. 

Yes 
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Impacted media Exposure Route Potential 
Receptor(s) 

Qualitative Risk Assessment Further  

Assessment 

Required?  

Surface water 
and sediment 

Incidental 
ingestion of 
impacted 
sediments and 
surface water 

Human - Base 
workers 

On-site drainage channels – Surface water samples collected from the on-Site drainage channels had PFOS plus PFHxS and PFOA 
concentrations in excess of the adopted health based assessment levels.  There are no Australian regulatory endorsed assessment 
levels currently available for PFAS in sediment, though PFAS were detected in the sediments of the on-Site drainage channels.   

There is potential for Base workers to be exposed to impacted sediments during maintenance activities such as clearing of obstructed 
drainage channels. On this basis, this pathway is considered to present a potentially increased risk of exposure to base workers and 
requires further assessment as part of the HHERA.    

Yes 

Potential Source Area Q (WWTP)- PFAS concentrations within the water samples collected from Potential Source Area Q (the on-Site 
WWTP) exceeded the adopted health based assessment levels. However, given the nature of the WWTP as described within Section 
12.1, whereby the impacted water is retained within ponds and evaporates, exposure to base workers is considered unlikely to occur. 
On this basis, this pathway is considered to present a low risk of exposure to base workers. 

No 

 Human - 
recreational users 
of waterbodies 

Ellen and Ki-it Monger Brooks - Surface water samples collected from Ellen and Ki-it Monger Brooks had PFOS plus PFHxS and 
PFOA concentrations in excess of the adopted health based assessment levels.  There are no Australian regulatory endorsed 
assessment levels currently available for PFAS in sediment, though PFAS were detected in the sediments of Ellen and Ki-it Monger 
Brooks.   

GHD understands that the Brooks are used for recreational activities such as swimming and fishing. On this basis, this pathway is 
considered to present a potentially increased risk of exposure to recreational users of the Brooks and requires further assessment as 
part of the HHERA.    

Yes 

Human – 
recreational users 
and off-Site 
workers 

West Bullsbrook drainage channels – PFAS concentrations within the surface water samples collected from the creek traversing Lot 
200 and the drain traversing the West Bullsbrook residential area were below the adopted health based assessment levels.  PFAS 
detections within sediment samples collected from the West Bullsbrook drainage channels were equal to or marginally above the LOR 
(i.e. PFOS plus PFHxS was detected at a maximum of 0.0003 mg/kg).  

Given the location and nature of these waterbodies (i.e. Lot 200 being private property) it is not expected that regular recreational use 
would occur. Maintenance workers may occasionally be exposed to surface water and sediments in the drain in the residential area 
however, as stated, the detected PFAS concentrations were very low. On this basis, this pathway is considered to present a low risk of 
exposure to human receptors in these waterbodies. 

No 

 Direct 
consumption of 
fish and 
crustaceans that 
have been 
exposed to 
impacted surface 
water and/or 
sediment 

Human – 
consumers of fish 
and crustaceans  

Ellen and Ki-it Monger Brooks – With reference to Section 3.3, GHD understands that residents within the Investigation Area may 
consume crustaceans caught in Ellen and Ki-it Monger Brooks. PFOS plus PFHxS was detected in the fish samples analysed at 
concentrations exceeding the adopted health based assessment level. PFAS was not recorded at concentrations above the 
assessment level in the crustacean samples. While it is noted that the size of the fish sampled were generally too small for consumption 
(i.e. ranging from 36 mm to 105 mm in length) the occurrence of larger fish within the Brooks and their consumption by residents cannot 
be entirely precluded. On this basis, this pathway is considered to present a potentially increased risk of exposure to recreational 
users of the Brooks and requires further assessment as part of the HHERA.    

Yes 

 Ingestion or direct 
uptake of 
impacted surface 
water and 
sediment 

Ecological – 
aquatic biota 

Ellen and Ki-it Monger Brooks – With reference to Section 4.6.2, Ellen and Ki-it Monger Brooks are sensitive ecological receptors. 
Surface water samples collected from Ellen and Ki-it Monger Brooks had PFOS concentrations in excess of the adopted ecological 
based assessment levels. PFAS were detected within the aquatic biota samples (fish and crustaceans) collected from the Brooks, 
though at concentrations below the adopted ecological based assessment levels. The biota sampled included lower order species (i.e. 
small fish and crustaceans) that may be consumed by higher order species resulting in PFAS bioaccumulation. On this basis, this 
pathway is considered to present a potentially increased risk of exposure to the aquatic ecology of the Brooks and requires further 
assessment as part of the HHERA. 

Yes 
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Impacted media Exposure Route Potential 
Receptor(s) 

Qualitative Risk Assessment Further  

Assessment 

Required?  

  Ecological - 
Terrestrial biota 

Ellen and Ki-it Monger Brooks -- With reference to Section 4.6.2, Ellen and Ki-it Monger Brooks are sensitive ecological receptors.  
Surface water samples collected from Ellen and Ki-it Monger Brooks had PFOS concentrations in excess of the adopted ecological 
based assessment levels. Following heavy rainfall events, there is potential for overland flow from the Brooks to occur resulting in 
exposure to the terrestrial ecology adjacent to the brooks.  On this basis, this pathway is considered to present a potentially increased 
risk of exposure to the terrestrial ecology adjacent to the Brooks and requires further assessment as part of the HHERA.    

Yes 

Ecological – 
Police dogs  

With reference to Section 3.3, GHD understands that the police dogs swim in Ki-it Monger Brook and the nearby drainage channels for 
recreation. PFOS concentrations within Ki-it Monger Brook exceed the adopted ecological based assessment level. On this basis, this 
pathway is considered to present a potentially increased risk of exposure to the police dogs and requires further assessment as part 
of the HHERA.    

Yes 

Ecological - 
Livestock  

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses) that may consume surface water from the creek that 
traverses the Lot or from Ellen Brook. PFAS has been detected at concentrations above the LOR within the surface water of Ellen 
Brook. While there are no Australian regulatory endorsed assessment levels currently available for assessment of risk posed to 
livestock by PFAS exposure, it is considered that this exposure pathway is complete and requires further assessment as part of the 
HHERA. 

Yes 

Groundwater Incidental 
ingestion of 
impacted 
groundwater 

Human - Base 
workers 

PFOS plus PFHxS and PFOA has been detected in groundwater beneath the Site at concentrations exceeding the adopted health 
based (recreational and non-potable) assessment level. GHD understands that scheme water supplies the Site and that groundwater is 
no longer abstracted for any purpose. However, there is potential for Base personnel or contractors to encounter seasonal perched 
groundwater when conducting ground-intrusive maintenance activities. On this basis, this pathway is considered to present a 
potentially increased risk of exposure to Base workers, particularly maintenance workers conducting intrusive works, and requires 
further assessment as part of the HHERA.    

Yes 

 Human - Off-Site 
groundwater 
users (non-
potable) 

With reference to Section 4.5, a significant portion of residents within the Investigation Area use groundwater for non-potable purposes 
such as showering, washing and gardening. PFAS concentrations within the private bore samples were below the health based 
assessment criteria for non-potable groundwater use. On this basis, this pathway is considered to present a low risk of exposure to off-
Site groundwater users. 

No 

 Direct 
consumption of 
impacted 
groundwater 

Human – 
consumers of 
groundwater at 
private properties 

 

With reference to Section 4.5, a significant portion of residents within the Investigation Area use groundwater for drinking purposes.  
PFOS plus PFHxS has been detected in groundwater samples collected from private bores at 16 off-Site properties. The concentrations 
in six of these bores exceeded the adopted health based (drinking water) assessment level. On this basis, this pathway is considered to 
present a potentially increased risk of exposure to off-Site groundwater users and requires further assessment as part of the HHERA.    

Yes 

 Human – infants 
consuming breast  
milk and potential 
placental transfer 
from mothers 
who have been 
consumers of 
impacted 
groundwater.  

With reference to Section 4.5, a significant portion of residents within the Investigation Area use groundwater for drinking purposes.  
PFOS plus PFHxS has been detected in groundwater samples collected from private bores at 16 off-Site properties. The concentrations 
in six of these bores exceeded the adopted health based (drinking water) assessment level.  On this basis, there is potential for 
mothers who may have consumed impacted groundwater to pass PFAS onto infants via breast milk and potentially to foetuses via 
placental transfer. Therefore, this pathway is considered to present a potentially increased risk of exposure to off-Site infants and 
requires further assessment as part of the HHERA.    

Yes 



 

GHD | Report for Department of Defence - RAAF Base Pearce PFAS Investigation, 61/33334 | 113 

Impacted media Exposure Route Potential 
Receptor(s) 

Qualitative Risk Assessment Further  

Assessment 

Required?  

 Ecological – 
Livestock 

Lot 200 – Lot 200 is used for pasture and features livestock (bulls and horses) that may consume groundwater abstracted from the 
regional aquifer.  With reference to Section 9.4.3, PFAS was not detected above the LOR in any of the groundwater samples collected 
within Lot 200.  Additionally, PFAS was not detected above the LOR within the surface water sample collected from a spring in Lot 200 
(refer to Section 9.3.6).  On this basis, this pathway is considered to present a low risk of exposure to livestock. 

No 

 Direct 
consumption of 
produce watered 
with impacted 
groundwater 

Human - off-Site 
consumers of 
produce 

With reference to Section 4.5, a number of residents within the Investigation Area use groundwater to produce fruit, vegetables and 
eggs. With reference to Section 9.5.3, PFAS was not detected above the LOR in any of the produce samples analysed, with the 
exception of two egg samples which contained PFOS plus PFHxS at concentrations below the adopted health based assessment level.  
On this basis, this pathway is considered to present a low risk to off-Site consumers of produce. Nonetheless, noting that the LOR for 
PFOS in produce samples (0.001 mg/kg) is greater than the FSANZ assessment level for fruit (0.0006 mg/kg), this pathway will be 
assessed further as part of the HHERA.  

Yes 
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With reference to Table 75, 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 Direct consumption of breastmilk by infants from mothers that have consumed 

groundwater containing PFAS.  

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 

B) 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. 

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.  

These complete exposure pathways are also presented graphically in Figure 44 (for human 

health exposure pathways) and Figure 45 (for ecological exposure pathways).   
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13. Uncertainty analysis 

While the sampling design of the DSI was considered sufficient to meet the objectives of the 

DSI, there are some parts of the Investigation Area that have not been sampled which present 

potential data gaps in the understanding of the nature and extent of PFAS in the environment 

and potential risks of exposure posed to receptors. Table 76 presents the identified potential 

data gaps along with an evaluation of their significance with respect to the DSI objectives. 
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Table 76 Uncertainty analysis 

Potential data gap or uncertainty  Evaluation Further assessment required  

Groundwater monitoring wells down-gradient of Source Area A 

(fire training area) 

With reference to Figure 6a, the interpreted groundwater flow 

direction from Source Area A (fire training area) is west south-

westerly to south-westerly. While there are a number of monitoring 

wells down-gradient of the area to the south-west, the only well to the 

west south-west is BW_MW22S/D. This well reported a PFOS plus 

PFHxS concentration of 0.87 µg/L and is approximately 800 m from 

the monitoring wells within Source Area A (e.g. WA0067-MW052), 

where PFOS plus PFHxS concentration of 12,300 µg/L was recorded. 

It is noted that the installation of additional monitoring wells between 

Source Area A and BW_MW22S/D may assist in understanding the 

attenuation of PFOS plus PFHxS concentrations across this portion of 

the Site. 

As noted within the data quality objectives (refer to Section 5), the 

ability to drill within certain areas of the Site was limited due to the 

presence of underground services and restrictions on land access. 

Drilling within Source Area A and the down-gradient airfield was 

limited due to the high frequency of underground services and 

restrictions on working in the vicinity of runways. Notwithstanding this 

constraint, the results of the sampling at BW_MW22S/D, along with 

the other boundary monitoring wells, off-Site wells, private bores and 

surface water and sediment sampling has provided a sound 

understanding of the overall flux of PFAS from the Site, which is a key 

element for assessment of risk posed to off-Site receptors. In this 

regard, it is not considered that the installation of additional wells 

down-gradient of Source Area A would significantly benefit the 

outcomes of the DSI or the HHERA.   

Not as part of the DSI, though installation of 

additional monitoring wells down-gradient of 

Source Area A should be considered as part of 

an ongoing monitoring program to evaluate 

attenuation and the effectiveness of future 

management actions.  

Assessment of soil, surface water and sediment at Potential 

Source Area R (RAAF Pearce landfill). 

It is noted that assessment of Potential Source Area R (RAAF Pearce 

landfill) was limited to groundwater sampling. There was no sampling 

of soil within the area, or surface water or sediment of the waterbody 

that runs adjacent to the southern edge of the landfill and discharges 

to Ellen Brook. 

GHD understands that the landfill features a capping layer. The 

capping layer, along with the landfill being a Defence controlled site 

with restricted access, is considered to restrict exposure of the waste 

material to receptors. On this basis, exposure to soil at Potential 

Source Area R is considered to be an incomplete (or managed) 

pathway and therefore assessment of soil would not enhance the DSI 

objectives.    

With respect to the adjacent waterbody that discharges to Ellen 

Brook, published topographic levels at the landfill suggest that there is 

low likelihood for groundwater beneath the landfill to interact with 

surface water in the adjacent waterbody.  Nevertheless, surface water 

Not as part of the DSI, though ongoing monitoring 

of the existing monitoring wells and installation of 

additional monitoring wells at this Source Area 

would provide greater confidence regarding the 

extent of impact and potential for impacts to 

down-gradient receptors.     
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Potential data gap or uncertainty  Evaluation Further assessment required  

sampling locations in Ellen Brook north of the base (i.e. RE_SW01 

and RE_SW20) provide a good indication of the potential PFAS 

contribution to Ellen Brook from up-stream sources, including 

Potential Source Area R if there was a connection to the Brook.  It is 

noted that surface water samples collected from both locations did not 

record PFAS concentrations above the adopted assessment levels (a 

maximum concentration of 0.019 µg/L at RE_SW20), suggesting a 

limited contribution from up-stream sources.   

Potential Source Area Q (WWTP) drainage channel  

With reference to Section 9.3.2, PFAS were detected within the water 

samples collected from Potential Source Area Q, the on-Site WWTP. 

There is an open drainage channel in the northern portion of the 

airfield that historically discharged treated water from the WWTP to 

Ellen Brook. Surface water and sediment samples were not collected 

from this drainage channel.  

GHD understands that water is no longer discharged from the WWTP 

to the environment and therefore, this potential water migration 

pathway is incomplete. Furthermore, surface water and sediment 

sampling location RE_SW02/RE_SS02  is located within the drainage 

channel that flows from the on-Site WWTP to Ellen Brook, 

approximately 50 m upstream from the discharge point into Ellen 

Brook and is therefore considered representative of PFAS surface 

water and sediment concentrations within this drainage channel.  

Furthermore, this location and the other locations within the northern 

portion of Ellen Brook (e.g. RE_SW03 and RE_SW21) provide a good 

indication of PFAS concentrations leaving the site via this drainage 

channel and the potential level of exposure to more sensitive 

receptors i.e. recreational users of Ellen Brook and aquatic ecology. 

The main drainage lines, including those that discharge from the 

areas where the highest soil concentrations (i.e. Source Areas A; fire 

training area and B; former fire training areas), were extensively 

sampled. Water within the WWTP and at the discharge point close to 

Ellen Brook (i.e. RE_SW02) recorded much lower PFAS 

concentrations when compared to the other drainage channels 

Not as part of the DSI, though ongoing monitoring 

of PFAS concentrations in these surface waters 

should be incorporated into Defence’s existing 

Site surface water monitoring program to 

evaluate seasonal trends.  
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Potential data gap or uncertainty  Evaluation Further assessment required  

sampled (i.e. a maximum of 5.45 µg/L PFOS plus PFHxS within the 

WWTP and a maximum of 377.6 µg/L at PD_SW07 near Source Area 

A; fire training area). It is therefore considered that surface water 

conditions at the key source areas on the Site have been 

characterised and these results will be used to inform the HHERA.   

Site-wide grid-based soil sampling 

Site-wide grid based soil sampling across the Site was not completed. 

Sampling in this manner could provide an indication of the potential 

for additional unidentified PFAS sources or secondary sources to be 

present.   

Consistent with the NEPC (2013), sampling targeted the source areas 

that were identified through a robust site history assessment that 

comprised a site inspection, interviews with relevant personnel (e.g. 

base fire fighters) and review of historical reports.  

The nature of AFFF use suggests that its discharge to the 

environment would have generally been localised to specific areas 

such as training areas or storage areas (identified during the 

investigation). AFFF application is not expected to have been site 

wide in the way that contaminants such as pesticides may be applied 

at market garden sites. The Site topography is relatively flat and 

therefore, impacts are expected to be primarily restricted to the areas 

where AFFF was used, stored or released such as source areas and 

drainage channels that receive surface water run-off from the source 

areas, all of which have been sampled extensively. Overall, it is 

considered that the complete dataset has provided a sound 

understanding of the overall flux of PFAS within and from the Site, 

which is a key element for assessment of risk posed to off-Site 

receptors.  

On this basis, it is not considered that site wide grid-based soil 

sampling would significantly benefit the outcomes of the DSI or the 

HHERA.   

No 
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Potential data gap or uncertainty  Evaluation Further assessment required  

Sampling of pooled surface water 

With reference to Section 4.2 and Figure 2, pooled surface water was 

observed in several areas of the Site and the Investigation Area. 

However, samples of this surface water were not collected and 

analysed for PFAS.   

The main drainage lines, including those that discharge from the 

areas where the highest soil concentrations were recorded (i.e. 

Source Areas A; fire training area and B; former fire training areas), 

were extensively sampled. These drainage lines are considered to 

receive the vast majority of surface water run-off from the key areas 

of concern. It is therefore considered that surface water conditions at 

the key source areas on the Site have been characterised and these 

results will be used to inform the HHERA.  

The areas where pooled water was observed, most notably Source 

Area B (former fire training areas) and Lot 200, were targeted by the 

soil and groundwater investigations. These soil and groundwater 

data, in conjunction with the surface water data obtained from the on-

Site drainage channels, has provided a sound understanding of the 

overall flux of PFAS from the Site, which is a key element for 

assessment of risk posed to off-Site receptors. 

No 

Source of PFAS concentrations at private bores on Almeria 

Parade, north of West Bullsbrook 

The source of the PFAS concentration recorded at the two private 

bores located further north of the West Bullsbrook residential area, 

between Lot 200 and Almeria Parade, is not known (refer to Figure 

36). As detailed within Section 12.2.2, the data obtained does not 

indicate the presence of a complete pathway for migration of PFAS 

from the Site or associated Defence owned land parcels within the 

Investigation Area to these bores. 

The DSI has investigated all identified potential source areas located 

on RAAF Base Pearce and associated Defence owned land parcels 

within the Investigation Area. Other potential sources not related to 

Defence have not been considered.  

Notwithstanding the absence of a complete pathway for migration of 

PFAS from the Site to these bores, the significance of the 

concentrations will be evaluated as part of the HHERA. In the interim, 

Defence will continue to supply alternative drinking water to the 

properties in order to manage the potential exposure risk. Monitoring 

of the bores could be incorporated into Defence’s existing Site 

groundwater monitoring program.  

Not as part of the DSI, though the installation and 

monitoring of additional groundwater monitoring 

wells in the vicinity of these two privates bores 

may reduce uncertainty with respect to the source 

of the recorded concentrations. This could be 

undertaken as part of an ongoing groundwater 

monitoring program.  
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Potential data gap or uncertainty  Evaluation Further assessment required  

Temporal variation in surface water and groundwater 

interactions in Ellen and Ki-it Monger Brooks. 

Gauging of surface water levels in Ellen and Ki-it Monger Brooks and 

the adjacent monitoring wells was limited to two monitoring events, 

conducted post-winter and post-summer respectively. The extent of 

potential temporal variation in surface water and groundwater 

interactions is therefore not fully understood. 

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 

Gauing of surface water levels in Ellen and Ki-it Monger Brook and 

the adjacent monitoring wells was completed during both post-winter 

and post-summer conditions. The data is therefore considered 

sufficient to assess temporal trends to the extent required for 

development of the CSM and satisfy the objectives of the DSI. 

Not as part of the DSI, though ongoing multi-

seasonal monitoring of surface water levels in the 

Brooks and the adjacent groundwater levels will 

provide an improved understanding of temporal 

variations in groundwater-surface water 

interactions.  
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14. Conclusions 

The DSI has assessed the Site characteristics and the nature, extent and magnitude of PFAS 

impact at the sources, pathways and receptors identified within the Investigation Area. Based on 

the results, the following conclusions are made: 

14.1 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.  

 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.   

14.2 Source Areas 

 There are six Source Areas 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 
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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 TOC, CEC, 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.   

14.3 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). 

14.4 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. The concentrations 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 seasonal perched groundwater occurs, PFAS concentrations in the perched 

groundwater were higher than in the underlying regional 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 LOR. There were only three PFAS 
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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.   

14.5 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 (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 private bores to the south and east of the Site.   

14.6 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 
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samples which contained PFOS plus PFHxS at concentrations below the adopted health 

based assessment level.   

14.7 Qualitative risk assessment 

Based on the 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, including Police dogs using Source 

Area B for recreation), Potential Source Area I (crash site B) 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. 

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.  

14.8 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, Table 77 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 
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greater understanding of seasonal variability in PFAS concentrations and help to identify 

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

Table 77 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 (Section 12.5) 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) 

being exposed to impacted soils and groundwater within 

these areas.  

- 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 Site 

worker exposure to impacted soils and reduce 

ongoing groundwater impacts.   

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 to provide greater confidence with 

respect to the extent and flow direction of 
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Issue Potential management action 

PFAS in groundwater 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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Figure 28 Potential Source Area N sampling locations and results 

Figure 29 Potential Source Area O sampling locations 

Figure 30 Potential Source Area Q sampling locations and results 

Figure 31 Potential Source Area R sampling locations and results 

Figure 32 Potential Source Area S sampling locations and results 

Figure 33 West Bullsbrook sampling locations and results 

Figure 34 On-Site drainage channel sampling locations and results 

Figure 35 Ellen and Ki-it Monger Brooks sampling locations and results 

Figure 36 Childcare centre sampling locations and results 
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Figure 37 Private groundwater bore locations and results 

Figure 38 All groundwater monitoring well locations and results 

Figure 39 Piper plot – all groundwater wells 

Figure 40 Piper plot – West Bullsbrook groundwater wells 

Figure 41 Piper plot – on-Site groundwater wells targeting shallow portion of 

regional aquifer  

Figure 42 Piper plot – on-Site clustered groundwater wells 

Figure 43 Groundwater modelling results – particle migration pathlines 

Figure 44 Conceptual site model – human receptors 

Figure 45 Conceptual site model – ecological receptors  
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Appendix A – Primary laboratory PFAS suites and 
PFAS detection limits 
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Appendix B – Rainfall data, surface water gauging 
data, plots and photos 
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Appendix C – Quality assurance/quality control 
evaluation  
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Appendix D – Calibration certificates 
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Appendix E – Field lithological logs  
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Appendix F – Tabulated field and analytical results  
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Appendix G – Laboratory reports and documentation 
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Appendix H – Non-PFAS analysis factual report  
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