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Executive Summary – Non-Technical Version 

Aurecon Australasia Pty Ltd (Aurecon) was engaged by the Department of Defence (Defence) to 
undertake a Detailed Site Investigation (DSI) of per- and poly-fluoroalkyl substance (PFAS) Site 
conditions on, and near RAAF Williams Laverton (the Site), which have resulted from the historical 
use of aqueous film forming foam (AFFF) for fire-fighting and fire-fighting training exercises.  

Why were the works commissioned? 

The DSI works were commissioned as part of Defence’s review of several of its sites around Australia 
that used legacy AFFF containing PFAS in its training of Defence personnel. Preliminary Site 
Investigations indicate the use of AFFF at key source areas until 1996. 

What were the objectives of the DSI? 

The objectives of the DSI were to identify the nature and extent of PFAS in the environment from 
legacy AFFF use at the Site and any potential risks to people or the environment. The understanding 
of these potential risks is essential for the development of mitigation strategies to minimise exposure, 
where necessary. 

What was the Site setting? 

The Site is in Laverton, which is 18 km west-southwest of the Melbourne central business district 
(CBD). The western half of the original Base, which included an airfield, was sold and subsequently 
redeveloped as the mixed use (primarily residential) precinct, now known as Williams Landing. On-
Site facilities include temporary accommodation, administrative buildings, a Childcare Centre, training 
centres, and recreational areas such as sports fields. The northern section of the Site above a creek / 
drain (Doherty’s Drain which joins Laverton Creek on-Site) contains a golf course and meteorology 
station. 

Off-Site to the east is the residential area of Laverton including Laverton Secondary College. To the 
west there is the residential suburb of Williams Landing. To the north is Laurie Emmins Reserve, 
which includes a picnic area, recreational lake, sporting clubs and a scout hall. A railway corridor, 
Aircraft and Laverton train stations and light industrial area are directly south of the Site. Skeleton 
Creek, which is further south approximately 500 m from the Site, eventually drains into the Ramsar-
listed Cheetham Wetlands located within 4 km of the Base. 

What works were completed during the DSI? 

The DSI was designed and implemented in accordance with the National Environment Protection 
(Assessment of Site Contamination) Measure 1999 (as amended in 2013, and hereafter referred to as 
the ASC NEPM) and PFAS National Environmental Management Plan (PFAS NEMP) (HEPA, 2018). 
The ASC NEPM and PFAS NEMP provide a nationally consistent framework for the assessment of 
site contamination, and have been adopted as the primary guide to the conduct of all similar PFAS 
investigations of other Defence sites nationally. 

The DSI works were subject to review and audit by an independent environmental auditor (accredited 
by EPA Victoria) and were scrutinised by EPA Victoria, who were a key stakeholder and member of 
the RAAF Williams Laverton DSI Project Control Group. 

The DSI for RAAF Williams Laverton was undertaken between July 2018 and April 2020 and 
comprised extensive desktop and field-based investigation works. The desktop works involved the 
review of existing prior Site contamination investigation reports, interviews with relevant Site 
personnel, conduct of a water use survey, and engagement with on-Site and off-Site community 
stakeholders. The scope and format of this investigation was presented at Community Walk in 
Sessions conducted at Laverton Community Hub on the 9th August 2018 and Laverton Club Hall on 
the 12th October 2018. 
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The field-based works comprised the sampling and analysis of soil (240 primary samples), sediment 
(43 primary samples), surface waters (48 primary samples), pore water in sediments (22 primary 
samples), groundwater (119 primary samples) and chicken eggs (4 samples).  

How did we assess potential risk to people (human health) or the environment? 

Screening criteria for the preliminary assessment of potential risk to human health and the 
environment were primarily adopted from the Commonwealth’s PFAS National Environmental 
Management Plan, dated January 2018, as prepared by the Heads of EPA Australia and New 
Zealand.  

What did the DSI find? 

 Groundwater flow underlying the Site occurs in a general southerly to south-easterly direction and 
interacts with Skeleton Creek prior to discharging to Port Philip Bay.  

 Groundwater quality is generally poor and not suitable for potable use. Groundwater is not 
extracted for use on-Site. Groundwater is used for irrigation of grass at one commercial property 
south of Williams Landing which is downgradient of former source areas. 

 Surface water generally flows along topographical gradients and likewise flows in a general south-
easterly direction along two main creek systems (Skeleton Creek and Laverton Creek) which in 
turn discharge to Port Phillip Bay.  

In respect of the nature and extent of PFAS-impacted media 

 Residual PFAS in soils were identified and generally delineated, with respect to the adopted 
screening criteria, within and surrounding key areas where known AFFF use, storage and waste 
management has occurred. The identified sources areas were the Wet Testing Area (including 
nearby Hangars) and Air Movements (and nearby buildings and chemical storage areas). The Wet 
Testing Area is on the western boundary of the Site and the Air Movements is in the finger of land 
to the south west of the Site referred to as the “Western Finger”. The soil impacts have in turn 
caused PFAS impact to surface waters and groundwater within the Site. These surface waters and 
groundwater provide the transport pathways for discharge to Skeleton Creek and eventually Port 
Phillip Bay. 

 Residual PFAS in soils were identified and generally delineated, with respect to the adopted 
screening criteria, within and surrounding the other potential minor on-Site source areas; including 
the Former Secondary Fire Training Area, former landfills and old fuel farm. Likewise, these soil 
impacts have in turn caused PFAS impact to surface waters and groundwater within the Site. 
These surface waters and groundwater provide the transport pathways for discharge to Laverton 
Creek and eventually Port Phillip Bay. 

 Residual PFAS in soils were assessed, with respect to the adopted screening criteria, within and 
surrounding the other potential off-Site source areas; including the Former Primary Fire Training 
Area, former runways and Former GEMS Compound. Likewise, these soil impacts have in turn 
caused PFAS impact to surface waters and groundwater off-Site. These surface waters provide 
the transport pathways for discharge to the Laverton RAAF Swamp (natural wetland to the south-
west of Williams Landing) before eventually discharging to Skeleton Creek and eventually Port 
Phillip Bay. 

 Groundwater impacted by Site derived PFAS sources is generally migrating in a southerly to 
easterly direction and is understood to interact with surface water within Skeleton Creek, which 
ultimately discharges to Port Phillip Bay. 

 There were background concentrations of PFAS (below guideline values) in the surface water of 
Doherty’s Drain, Laverton Creek and Skeleton Creek prior to passing through or past the Site 
indicating other sources of PFAS not related to the historic use or storage of AFFF at the Base. 

 Overall, the findings of the DSI identify a diffuse total mass of PFAS predominantly within the 
groundwater, soil and surface water at the Site, mainly centred around the Wet Testing Area with 
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lower but elevated levels around the Former Primary Fire Training Area, Western Finger and 
Former GEMS Compound.  

A figure demonstrating some of the above Site features and observations is presented as follows: 

  

In respect of risk to human health 

 The Base and surrounding properties are serviced by reliable mains water supplied by City West 
Water as the primary water source. This is important as the primary route of exposure to PFAS in 
humans occurs through the ingestion of impacted water or through the consumption of food which 
has been exposed to impacted water or soil.  

 A Water Use Survey (WUS) was conducted for residences and businesses on and around the 
Base. One WUS respondent indicated use of bore water to flood irrigate turf outside of the 
commercial property. Five respondents indicated the production of fruit and vegetables and one 
respondent indicated production of fruit and vegetables and raising of poultry. The response rate to 
Water Use Surveys was only 1.4% of distributed surveys, which is typical of such surveys in urban 
areas. The general groundwater quality is not suitable for drinking water or irrigating home-grown 
produce due to levels of salinity. 

 Residual PFAS concentrations in sampled and tested soil within the operational area (southern 
section) of the Site did not exceed the adopted screening criteria for the protection of human 
health (industrial and commercial land uses) and accordingly are not considered a potential risk to 
human health for Base workers and / or Site visitors. 

 Residual PFAS concentrations in sampled and tested soil and surface water within the public open 
space (northern section) of the Site, including the golf course, did not exceed the adopted 
screening criteria for the protection of human health (public open spaces) and accordingly are not 
considered a potential risk to human health for Base workers and / or Site visitors (including golf 
course users). 
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 Residual PFAS concentrations in sampled and tested soil and chicken eggs within and 
surrounding the Base Childcare Centre did not exceed the adopted screening criteria for the 
protection of human health (the most conservative soil criteria - low density residential criteria – 
and the food safety threshold) and accordingly are not considered a potential risk to human health 
for Childcare attendees. 

 There is a potentially elevated exposure to PFAS impacted soils in traditional residential allotment 
settings in Williams Landing and adjacent to the Former GEMS Compound. There is a potentially 
complete exposure pathway to recreational fishers at Skeleton Creek. These potential exposure 
scenarios will be further investigated as part of the Human Health Risk Assessment (HHRA) 
process and reported under separate cover to this DSI report. 

In respect of risk to the environment (ecological receptors) 

 There is evidence of potential risk to the environment (on-Site ecological receptors) by direct 
exposure and bioaccumulation / secondary poisoning1 to PFAS-impacted soils at Wet Testing 
Area, Former GEMS Compound and the open space in the Western Finger adjacent to Air 
Movements. It was considered that there is sufficient on-Site information to devise risk-based 
remediation strategies and further assessment of ecological risk was not required. 

 There is evidence of potential risk to the environment (off-Site ecological receptors) by 
bioaccumulation / secondary poisoning to PFAS-impacted soils, sediment, surface water and 
discharged groundwater in Skeleton Creek and Laverton RAAF Swamp. Further assessment is 
recommended to be undertaken through the conduct of an ecological risk assessment (ERA). 

 The primary driver of risk is discharge of PFAS-impacted surface waters and groundwater to the 
receiving aquatic environment within Skeleton Creek and Laverton RAAF Swamp, and the 
potential for adverse impacts to aquatic biota and migratory shorebirds downstream in the 
Cheetham Wetlands. 

Recommendations flowing from the findings of the DSI 

Based on the characterisation of the key source areas and the understanding of complete linkages 
between migration pathways and receptors, it is considered that there is sufficient on-Site information 
to devise risk-based remediation strategies without the need to pursue further and more detailed Site-
specific assessment of risk to on-Site human health and/or ecological receptors.  

An ERA is being undertaken to identify and assess risk associated with bioaccumulation of PFAS in 
biota within Skeleton Creek and Laverton RAAF Swamp. Identification and assessment of exposure 
associated with bioaccumulation of PFAS in biota in Cheetham Wetlands will be completed if a 
complete pathway between PFAS sources and receptors in the wetlands is established. 

Further assessment of land use within traditional size (or larger) residential allotments within the 
former Base extents is being undertaken to address the potentially elevated risk to human health for 
exposure to soils. Further assessment is also being undertaken on the potentially complete exposure 
pathway to recreational fishers at Skeleton Creek. This will be undertaken and reported under 
separate cover to this DSI report. 

Consistent with the protocols developed by Defence, the findings of the DSI will be used in the 
preparation of a PFAS Management Area Plan (PMAP), and as part of the PMAP, an ongoing 
monitoring plan (OMP) will be proposed.  

 
1 Secondary poisoning is the poisoning that results when one organism builds up a chemical in their body from ingesting 
another organism 
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Executive Summary – Technical Version 

Introduction and Background 
Aurecon Australasia Pty Ltd (Aurecon) was engaged by the Department of Defence (Defence) to undertake a 
Detailed Site Investigation (DSI) of per- and poly-fluoroalkyl substance (PFAS) Site conditions on, and near 
RAAF Williams Laverton (the Site), which have resulted from the historical use of aqueous film forming foam 
(AFFF) for fire-fighting and fire-fighting training exercises.  

The investigations were commissioned as part of Defence’s review of the historical use of AFFF containing 
PFAS across its portfolio of Defence properties and the implementation of a national plan to prioritise 
Defence properties for preliminary and detailed environmental Site investigations. The purpose of the 
comprehensive investigation program, including this DSI is to identify and document the nature and extent of 
PFAS contamination, assess potential risk to human health and ecological receptors and, where necessary, 
develop appropriate risk management actions. 

This report presents the findings of the DSI of PFAS at RAAF Williams Laverton and the immediate 
surrounding area undertaken by Aurecon between July 2018 and April 2020.  

The DSI has been designed and implemented in general accordance with the framework for the assessment 
of Site contamination provided by Schedules A and B of the National Environment Protection (Assessment of 
Site Contamination) Measure 1999, as amended in 2013 (NEPC, 2013), and guidance provided by the PFAS 
National Environmental Management Plan (PFAS NEMP) (HEPA, 2018) and relevant jurisdictional guidance 
established in in Victoria. 

Objectives 
The objectives of the DSI were to identify the nature and extent of PFAS in the environment from legacy 
AFFF use at the Site and any potential risks to people or the environment. The understanding of these 
potential risks is essential for the development of appropriate risk management actions associated with any 
identified AFFF- sourced PFAS contamination on RAAF Williams Laverton and surrounding environs, where 
necessary. 

Task specific objectives established by Defence included: 

 Develop and implement a detailed Stakeholder and Community Engagement Program to ensure 
stakeholders are appropriately informed and engaged. 

 Identify potential PFAS contamination sources associated with the use, storage and waste management 
of legacy AFFF products. 

 Identify, confirm and / or characterise the nature, fate and transport of potential PFAS contamination 
(vertically and laterally)  

 Evaluate Site data against Tier 1 screening criteria to determine if PFAS contamination poses a risk such 
that a Site-specific human health and / or ecological risk assessment needs to be undertaken. 

 Undertake a comprehensive contaminated land investigation and associated risk assessment to 
determine whether on and off property community stakeholders have access to safe drinking water that 
has not been affected by PFAS sourced from the Site. 

 Identify and assess off-property land and water uses associated with food production for human 
consumption. 

 Identify and provide initial characterisation of non PFAS chemicals of concern both on and off-Site. 

 Ensure that all Site-specific-information is captured and retained for use by Defence. 

 Develop a PMAP for the Site to monitor and manage PFAS contamination. 
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Scope of works 
The scope of works designed and implemented for the DSI is consistent with the ASC NEPM and PFAS 
NEMP and comprised of the following: 

Key action Description 

Literature 
review 

 Review of publicly available and Defence-provided literature and previous investigation reports 
pertaining to the Site and general information on PFAS 

Water use 
survey 

 Undertake a survey of water usage/sources of properties within a targeted area surrounding the Site 
 Results used to inform whether groundwater and surface water is consumed and for what uses to 

allow evaluation of potential exposure to Site-derived PFAS 

Field work  Completion of an intrusive investigation on the Site and surrounding areas to assess the nature and 
extent of PFAS impact 

 Collection of field data and sampling and analysis of soil, sediment, pore water, surface water and 
groundwater from targeted locations on-Site, off-Site and in the surrounding areas (i.e. locations in 
Skeleton and Laverton Creeks distant from the Site).  

 The on-Site intrusive investigation included: 

− Soil sampling and analysis of 208 primary soil samples on-Site across six sampling rounds in 
tandem with the monitoring well installation 

− Groundwater sampling comprising sampling of the existing groundwater monitoring well network 
(72 locations) for preliminary assessment of PFAS presence within the groundwater 

− Installation of 24 new groundwater monitoring wells on-Site, and analysis of groundwater samples 
from the newly installed wells to assess aquifer characteristics and PFAS presence within the 
groundwater 

− Surface water sampling comprising 14 primary samples (collected in Doherty’s Drain, Laverton 
Creek, former electroplating facility sump and stormwater drainage systems) with associated 
sediment (14 samples) and pore water (8 samples) 

 Intrusive works that were undertaken in the surrounding area included:  

− Soil sampling and analysis of 52 primary soil samples over two rounds of drilling in tandem with 
the off-Site monitoring well installations 

− Groundwater sampling comprising installation of 17 new groundwater monitoring wells off-Site, 
and analysis of groundwater samples from the newly installed wells to assess aquifer 
characteristics and PFAS presence within the groundwater 

− Surface water sampling comprising 34 off-Site primary samples (collected in Skeleton Creek, 
Doherty’s Drain, Laverton Creek and nearby wetlands) with associated sediment (29 samples) 
and pore water (14 samples) 

Laboratory 
analysis 

 Analysis of recovered samples (including intra- and inter-laboratory duplicates) and rinsate blanks for 
PFAS 

 Analysis of recovered samples (including intra- and inter-laboratory duplicates) for selected non-PFAS 
contaminants of potential concern (COPC) at a rate of 1 per 5 PFAS samples2,*  

Assessment 
of Site 
investigation 
results 

 Completion of QA/QC assessment to evaluate quality and completeness of dataset  
 Comparison of laboratory results with documented Tier 1 investigation levels (the assessment criteria) 
 Discussion of results of sampling and analysis, including an assessment of the potential risks and 

impacts on human health and the environment 
 Screening (preliminary) risk assessment based on the identified nature and extent of PFAS impact 
 Development of a Conceptual Site Model to identify the relevant pollutant linkages 
 Identification of the remaining gaps and uncertainties, and the requirement for further assessment 
 Establishment of appropriate Site management options, and consideration of remedial options suitable 

for breaking the identified relevant pollutant linkages (as part of the PFAS Area Management Plan3) 

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

*non-PFAS COPC are not the primary driver for this investigation 

 
2 Department of Defence Guidance Document D: Non PFAS analysis of other chemicals of potential concern 
3 The PMAP will be produced as a stand-alone document following finalisation of the DSI. 
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Site Setting 
The RAAF Williams (Laverton) Site is located in Laverton, approximately 18 kilometres west of Melbourne, 
Victoria. The property is approximately 150 hectares (ha) and is bounded by a railway line and Maher Road 
to the south. Sayers Road and Old Geelong Road border the north of the Site. Following closure of the 
airfield in 1996, the western half of the Base comprising the former airfield was sold and subsequently 
redeveloped as the mixed-use (primarily residential) precinct. The portion of land that was sold is now known 
as Williams Landing; the majority of which has now been developed. 

The property is located within the flat lying, basaltic plains of Western Victoria and gently slopes to the south 
east towards Port Phillip Bay. The property is relatively flat but is incised by Doherty’s Drain and Laverton 
Creek, which run across the northern section of the property. 

Topographically, the Site ranges in elevation between 12 and 20 metres (AHD) with a gentle slope to the 
south east in the direction of the coastline (Port Phillip Bay). A mound occurs in the north west of Site that is 
partially constructed of fill material. The south eastern slope continues off-Site to the local topographical low 
point, which is Skeleton Creek. The divested area follows a similar topography with a gentle slope to the 
south east. 

Surrounding land use is identified as follows: 

 North – Laurie Emmins Reserve, which includes a picnic area, recreational lake, sporting clubs and a 
scout hall, is directly north of the Site. Further north and north west are the suburbs of Laverton North and 
Truganina which contain mainly residential or industrial areas. 

 East – The residential suburb of Laverton is directly east of the Site. Laverton Creek flows easterly 
through Laverton into Altona. The Laverton Secondary College is located 100 metres east of the Site. 

 South – A railway corridor, Aircraft and Laverton train stations and light industrial area are directly south 
of the Site. Skeleton Creek, which drains into the Ramsar-listed Cheetham Wetlands within 4 km of the 
Base, runs south of the Base at a distance of approximately 500 m. The residential suburb of Altona 
Meadows is situated to the south and south-east including sports fields. The suburbs of Point Cook and 
Seabrook are separated topographically from the Site by Skeleton Creek. 

 West – The former RAAF Williams airfield was located west of the Site and was subsequently developed 
into the Williams Landing development area. This area also contains a natural wetland to the south-west 
of Williams Landing (Laverton RAAF Swamp), several other smaller constructed wetlands (Ashcroft, 
Addison and Kingwell wetlands), conservation areas for native grassland, sporting ovals, medium-high 
density and traditional residential allotments, and commercial areas. 

These shallow aquifers within the Newer Volcanics on Site are predominantly recharged directly by rainfall 
within the local catchment. Within the operational area of the Site, standing water levels (SWLs) measured 
between 2018 and 2019 were typically between 5 and 11 m deep. Shallow groundwater beneath the Site 
generally flows to the south east and interacts with Skeleton Creek, which eventually discharges to Port 
Phillip Bay. Groundwater salinity at and near the Site generally falls within Segment C, which is between 
3,101 to 5,400 mg/L of total dissolved salts (TDS), indicating that it is generally not suitable for potable use.  

There is no use of groundwater within the Site. Groundwater use within the surrounding area (1 km around 
the Site) was found to be minimal, primarily owing to the presence of reticulated mains potable water supply. 
One active bore water user was identified south of the Laverton RAAF Swamp, where groundwater is used 
for the flood irrigation of the front lawn of the commercial / industrial property. No other groundwater users 
were identified from investigation into registered bores and a review or recent aerial imagery. 

Key potential PFAS on-Site source areas are the Wet Testing Area (western Site boundary), Air Movements 
(in the Western Finger Area to the south-west of Site) and the Former Secondary Fire Training Area 
(northern open space area). Key potential PFAS off-Site source areas include the Former Primary Fire 
Training Area (Elmstead neighbourhood of Williams Landing), Former GEMS compound (annexed from 
south-east corner of Site), former runways (across Williams Landing) and Former Firepower Demonstration 
Area (Elmstead neighbourhood of Williams Landing). There are also off-Site upgradient sources of PFAS, as 
demonstrated by the concentrations reported in surface water entering Doherty’s Drain and Laverton Creek 
in the northern area of Site, and concentrations in surface water upstream of where Site groundwater is 
inferred to interact with in Skeleton Creek. 
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The Investigation Area 
The Investigation Area (IA) consists of the current RAAF Williams Laverton cadastral boundary (i.e. ‘the 
Site’) and the now divested former extents of the Base (Williams Landing), as well as downgradient areas 
where samples were collected in Laverton and Skeleton Creek (refer to Appendix A – Figure 1). 

AFFF use, storage and waste areas 
 AFFF use and storage historically occurred on-Site within the Wet Testing Area and Western Finger Area 

(including the Air Movements, Former Electroplating Facility and Former Chemical Storage Areas). The 
main source of soil and groundwater impact is associated with the Wet Testing Area where testing of 
AFFF occurred weekly. The other main on-Site source of soil and groundwater impact is the Air 
Movements, where annual fire training occurred as well as potential use of AFFF during ‘hot wheels’ 
incidents to prevent aircraft fires. Air Movements is in the same area of Site (Western Finger Area) as 
other potential minor contributors of PFAS impact, including former chemical storage areas, former 
electroplating facilities and Old Sewage Farm.  

 AFFF waste disposal (i.e. the disposal or discharge of AFFF and/or AFFF packaging) may have occurred 
within the numerous historical landfills identified on-Site. One of these landfills is near the area identified 
as the Former Secondary Fire Training Area. Whilst these areas appear to have contributed to some 
groundwater impacts, the impacts to soil appear minimal. 

 AFFF use historically occurred off-Site at the Former Primary Fire Training Area, where weekly fire 
training drills involved hot burning of fuel in pits and on derelict aircraft on unsealed / gravel areas, which 
were extinguished with AFFF. AFFF use and disposal also occurred at the Former GEMS Compound 
(now off-Site), where it is understood that minor repairs and maintenance of fire trucks was performed 
alongside ad-hoc fire training activities. Other minor off-Site sources of soil and groundwater impact are 
associated with the former runways and the former firepower demonstration area. 

 AFFF use in the immediate vicinity of numerous underground fuel storage tanks could not be conclusively 
established but is not considered significant due the absence of dedicated firefighting systems. 

DSI Findings – nature and extent of AFFF PFAS impacted 
media  
The DSI results show that the main primary PFAS soil source areas are:  

 The Wet Testing Area  

 The Air Movements (Western Finger) 

 The Former Primary Fire Training Area (off-Site) 

 Former GEMS Compound (off-Site) 

Minor on-Site source areas were identified at the following locations: 

 Former Secondary Fire Training Area, Former Electroplating Area and Chemical Storage Areas.  

DSI Findings – risk to human health and the environment 
Based on the findings of the DSI, the following conclusions are made in respect of risk to human health and 
the environment: 

Human Health 

 On-Site: In respect to observed PFAS impacts to soil, sediment, surface water, chicken eggs and 
groundwater, we have identified no complete Source-Pathway-Receptor linkages above the Tier 1 
screening criteria for the relevant land uses. Groundwater is generally 5 m below ground level and whilst 
there are exceedances of recreational water guidance values, the pathway to human receptors (including 
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intrusive construction workers) is considered incomplete. It is considered that the potential for exposure is 
low and acceptable for on-Site humans, and accordingly requires no further assessment. 

 Off-Site: There may be complete Source-Pathway-Receptor linkages for exposure to PFAS impacted 
soils within traditional size (and larger) residential allotments in Williams Landing due to exceedances of 
Tier 1 screening criteria. In consideration of this, a detailed review of a previous HHRA in Williams 
Landing (SLR Consulting 2018) was undertaken and reported under separate cover to this DSI report. 
Similarly, further investigation of exceedances of Tier 1 screening criteria near the Former GEMS 
Compound adjacent to the south-eastern Site boundary is recommended. Finally, further assessment is 
also being undertaken in the off-Site HHRA on the potentially complete Source-Pathway-Receptor linkage 
at Skeleton Creek, which was identified to be the consumption of fish caught by recreational fishers. 

Environment 

 On-Site: In respect to observed PFAS impacts to sediment, surface water and groundwater, we have 
identified no complete Source-Pathway-Receptor linkages above the Tier 1 screening criteria for the 
relevant land uses and consider the ecological risks to be low and acceptable, and accordingly requires 
no further assessment.  

 There are potentially complete Source-Pathway-Receptor linkages to ecological receptors for exposure to 
on-Site soils. The exceedances of Tier 1 screening criteria are confined to main source areas near the 
Wet Testing Area, Western Finger and Former GEMS Compound. It is proposed that these risks to 
environmental receptors can be mitigated with appropriate management strategies and do not require 
further assessment of ecological risk. 

 Off-Site: There are potentially complete Source-Pathway-Receptor linkages for exposure to off-Site soils, 
sediment, surface water and groundwater due to exceedances of Tier 1 screening criteria. There is 
evidence of potential risk to off-Site ecological receptors in Laverton RAAF Swamp and Skeleton Creek 
from bioaccumulation / secondary poisoning. Further assessment is recommended to be undertaken 
through the conduct of an ERA. The ERA will encompass biota in Cheetham Wetlands if a complete 
pathway between PFAS sources and receptors in these wetlands is established. 

Next steps 
Based on the findings of this investigation, the following recommendations are made for the next steps: 

 A detailed review of the Williams Landing HHRA by SLR Consulting (2018a) was undertaken to assist in 
resolving the presence or absence of potentially elevated risk to residents within traditional allotments 
within Williams Landing. The review of this HHRA, which also included additional information collected as 
part of the current investigation, recommended further assessment of land use in the larger allotments 
and collection of additional samples. This assessment will be detailed under separate cover to the DSI. 

 Further assessment is recommended to assess for the potential for elevated exposure to PFAS for 
residents off the south-eastern boundary adjacent to the Former GEMS Compound. The results and 
findings of this assessment will be reported under separate cover to this DSI report. 

 Further assessment is recommended to assess for the potential for elevated exposure to PFAS for 
recreational fishers consuming fish and / or eels caught in Skeleton Creek. The results and findings of this 
assessment will be reported under separate cover to this DSI report. 

 An ERA should be undertaken to identify and assess risk associated with bioaccumulation of PFAS in 
biota within Skeleton Creek and the Williams Landing natural wetlands (Laverton RAAF Swamp). This 
ERA should include further delineation of surface water and sediment impacts on the pathway to 
downstream sensitive ecological receptors in Cheetham Wetlands.  

 The off-Site impacts in groundwater above recreational water guidance values have been defined to the 
extent practical downgradient of the Western Finger source areas. However, further assessment should 
be undertaken to understand downgradient impacts to groundwater from the Former GEMS Compound 
source area. 

 A PFAS Management Area Plan (PMAP) should be developed to provide practicable solutions to break 
the remaining source-pathway-receptor linkages and prevent/minimise the migration of PFAS beyond 
RAAF Williams Laverton. As part of the PMAP, an ongoing monitoring plan (OMP) will be proposed.
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Perfluorodecane sulfonic acid (PFDS) C10 

Perfluorooctane 
sulfonamidoethonals 
and perfluorooctane 
sulfonamidoacetic 
acids 

N-methylperfluoro-1-octane sulfonamide (N-MeFOSA) C9 

N-ethylperfluoro-1-octane sulphonamide (N-EtFOSA) C10 

2-(N-methylperfluoro-1-octane sulfonamido)-ethanol (N-MeFOSE) C11 

N-methyl-perfluorooctanesulfonamidoacetic acid (N-MeFOSAA) C11 

2-(N-ethylperfluoro-1-octane sulfonamido)-ethanol (N-EtFOSE) C12 

N-ethyl-perfluorooctane sulfonamidoacetic acid (N-EtFOSAA) C12 
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1 Introduction 
 
 

Aurecon Australasia Pty Ltd (Aurecon) was engaged by the Department of Defence (Defence) through a 
Defence request for quotation and tasking statement (RFQTS) tender process to undertake a detailed site 
investigation (DSI) at RAAF Williams (Defence Site Number 0927) at Laverton in Victoria (herein referred to 
as ‘the Site’).  

The DSI for RAAF Williams Laverton is part of a national program proactively implemented by Defence to 
understand the nature and extent of potential per-and polyfluoroalkyl substances (PFAS) contamination 
resulting from the historical use of Aqueous Film Forming Foam (AFFF) on and adjacent to selected Defence 
properties across Australia. The purpose of the DSI is to identify and document the nature and extent of 
PFAS contamination, assess potential risk to human health and ecological receptors, and where necessary 
develop appropriate risk management measures including the preparation of a PFAS Management Area 
Plan (PMAP). 

Figure 1-1    General area for the Detailed Site Investigation indicating the location of the Site 
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1.1. Context of the investigation program 
The investigations were commissioned as part of Defence’s review of the historical use of AFFF containing 
PFAS across its portfolio of Defence properties and the implementation of a national plan to prioritise 
Defence properties for preliminary and detailed environmental site investigations.  

The purpose of the comprehensive investigation program, including this DSI was to identify and document 
the nature and extent of PFAS contamination, assess potential risk to human health and ecological 
receptors, and where necessary develop appropriate risk management measures. 

A preliminary site investigation (PSI) of PFAS contamination at RAAF Williams Laverton was completed in 
September 2017. This PSI involved the desktop review of legacy firefighting foam use and storage to identify 
where and when the foam was used (sources). This PSI also investigated how PFAS might move in the local 
environment (possible migration pathways), and people and ecological receptors in the environment that 
may be exposed to PFAS (receptors). The desktop review guided intrusive works conducted as part of the 
PSI, these intrusive works included the collection of seven soil, seven sediment, seven surface water and 
eight groundwater (primary) samples. This PSI determined that a detailed environmental investigation was 
required to further assess the nature and extent of PFAS contamination at and surrounding the Site (Golder, 
2017). 

This report presents the findings of the DSI of PFAS contamination at RAAF Williams Laverton and the 
immediate surrounding area undertaken by Aurecon between July 2018 and April 2019.  

1.2. Framework of the investigation program 
The DSI has been designed and implemented in general accordance with the framework for the assessment 
of site contamination provided by Schedules A and B of the National Environment Protection (Assessment of 
Site Contamination) Measure 1999, as amended in 2013 (ASC NEPM) (NEPC, 2013), and guidance 
provided by the PFAS National Environmental Management Plan (PFAS NEMP) (HEPA, 2018) and relevant 
jurisdictional guidance established in Victoria.  

The ASC NEPM sets out a process for undertaking site assessments. Figure 1-2 shows the general process 
flowchart, which typically entails completion of a Tier 1 PSI, then a Tier 1 DSI. Depending on the findings 
from the Tier 1 assessments, the flowchart shows that the next step in the process are either to undertake a 
Tier 2/Tier 3 site-specific risk assessment or progressing to developing risk-based remediation strategies.  

The DSI (and accordingly the Site) is also the subject of a voluntary s53V4 environmental audit 
(contaminated land) commissioned by Defence and being undertaken by Mr Phil Sinclair of Coffey 
Environments Australia Pty Ltd (Coffey) who is a contaminated land auditor appointed by EPA Victoria. 

The Site falls under Commonwealth jurisdiction but is surrounded by land and water that falls under Victorian 
jurisdiction. Therefore, both Commonwealth and State legislation relevant to assessment of site 
contamination were considered while the DSI was undertaken.  

A breakdown of the relevant jurisdictions that the component parts of the wider investigation area fall under 
is provided later in Section 6.1.  

  

 
4 Section 53V of the Environment Protection Act 1970 
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Figure 1-2   ASC NEPM general process flowchart 
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1.3. Per- and Poly- Fluoroalkyl Substances 
PFAS are a group of synthetic (i.e. ‘man-made’) fluorinated organic compounds that include key compounds 
of interest for the DSI: perfluorooctane sulfonate (PFOS), perfluorohexane sulfonate (PFHxS), and 
perfluorooctanoic acid (PFOA). A reference list of common PFAS species is provided prior to the 
Introduction. Due to the fluorination and surfactant properties, PFAS have been widely used around the 
world since the 1950s to make products that resist heat, stains, grease and water. These include hydraulic 
fluid, stain resistant applications for furniture and carpets, packaged food containers, waterproof clothing, 
personal care products and cleaning products (HEPA 2018, enHealth 2019). 

Due to its effectiveness in extinguishing liquid fuel fires, PFAS was also an ingredient in legacy AFFF used 
extensively worldwide by both civilian and military authorities from about the 1970s. Older formulations of 
AFFF contained a number of PFAS now known to be persistent in the environment and in human and 
ecological receptors. Since the 1970s, Defence has used AFFF to suppress liquid fuel fires, in either training 
or emergency response applications. At RAAF Williams Laverton, Defence historically used 3M Light 
WaterTM AFFF, which contained predominantly PFOS and older formulations contained PFOA (Colville and 
McCarron 2003, Senate Estimates Brief SB15-000647). 3M Light Water also contains various precursors 
that could potentially break down in the environment to PFOS and shorter chain perfluoroalkane sulfonates, 
such as PFHxS. These precursors may also break down in the environment to PFOA and other 
perfluoroalkyl carboxylates (Backe, Day, and Field 2013). Since 2004, Defence progressively replaced 3M 
Light Water with Ansulite® (3% and 6% AFFF concentration), which was understood to not contain PFOS 
and PFOA as active ingredients. It was later found to contain trace amounts of PFOS and PFOA precursors 
as by-products of the manufacturing process. Ansulite is a B-class foam that contains other PFAS 
compounds such as 6:2 Fluorotelomer sulfonic acid (6:2 FTS), 8:2 Fluorotelomer sulfonic acid (8:2 FTS) and 
10:2 Fluorotelomer sulfonic acid (10:2 FTS) (WA DER 2017) and has the issue of impurities and precursor 
transformation. All modern B-class foams, such as Ansulite, included in a chemical analysis of selected fire-
fighting foams (KEMI 2015) contained 6:2 fluorotelomer substances, which are expected to degrade in the 
environment to persistent perfluorinated alkyl acids. The presence of perfluorohexanoic acid (PFHxA) and 
6:2 FTS in these foams has been attributed to residues from the manufacturing process or due to storage 
degradation (KEMI 2015). 

PFAS contamination on and in the vicinity of the Defence estate arises primarily because of the historic use 
of PFAS-containing AFFF for training purposes or incident control. Fire training exercises at the current Base 
(i.e. the Site) are understood to have ceased by 2010. Fire training exercises in the divested portion of the 
Base are understood to have ceased by 1996. 

Most people living in developed nations will have some level of PFAS in their body due to their widespread 
use. In June 2019, the Environmental Health Standing Committee (enHealth)5, published updated guidance 
statements advising that latest evidence suggests “PFAS exposure has been associated with mildly elevated 
levels of cholesterol, effects on kidney function and effects on the levels of some hormones”. It was indicated 
by enHealth (2019) that these effects are considered small and generally within ranges seen in the general 
population. The advice indicated that PFAS has not been shown to cause disease in humans (Department of 
Health 2019). However, since these chemicals remain in humans and the environment for many years, it is 
recommended that human and ecological exposure to PFAS be minimised as a precaution. 

PFAS has many qualities that combine to present challenges in locating, containing and remediating PFAS 
contamination: 

 Water is the prime method of PFAS contamination transferring from a source to a receptor – a person, 
animal, plant, ecosystem, property or a waterbody. 

 PFAS is highly soluble and mobile and can rapidly leach through soils or disperse in waterways, travelling 
long distances. This may sometimes reduce the level of contamination of the original source material. 

 PFAS can permeate some porous solid surfaces. This includes concrete and other building materials, 
particularly used in storage tanks, fire training grounds and other large surface areas.  The less porous 
gravel (basaltic crushed rock) is less likely to act as a potential slow release PFAS source 

 
5 enHealth is a subcommittee of the Australian Health Protection Principal Committee, and is responsible for providing agreed 
environmental health policy advice. Its membership includes representatives from the Health portfolios of Australian and New Zealand 
governments. 
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 The most common PFAS compounds (PFOS, PFOA and PFHxS) are very chemically and biologically 
stable and have low vapour pressures, so they are resistant to breakdown and evaporation.  

 Some PFAS (including PFOS and PFOA) are environmentally persistent and bioaccumulate. This means 
that some plants may be susceptible to PFAS, with uptake through soil and water. From plants, it then 
bio-accumulates and becomes a part of the food chain inclusive of humans, and aquatic and terrestrial 
ecological receptors. There is also potential for bioconcentration to occur through direct exposure to 
PFAS-impacted environmental media.  
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1.4 DSI Purpose and objectives 
Defence’s primary objective is to understand potential Site contamination risks at RAAF Williams Laverton 
and to the surrounding environment resulting from historical PFAS based AFFF usage.  

Prior PFAS investigations at RAAF Williams Laverton and subsequent review by the Defence PFAS 
Investigation and Management Branch (PFAS IMB) in the context of the national PFAS investigation 
program have determined that a DSI is warranted and needs to be focused on characterising sources of 
contamination because of the use, storage and waste management of legacy AFFF products on RAAF 
Williams Laverton. The aim is to conceptualise possible connections between potential contamination and 
humans, the human food chain and ecological communities. This characterisation is to be focused on the 
development and implementation of appropriate risk management actions associated with any identified 
AFFF- sourced PFAS contamination on RAAF Williams Laverton and surrounding environs.  

For the sake of clarity any further reference to PFAS in this report is made in the context and reference to 
PFAS sourced from legacy AFFF products, unless otherwise stated. 

1.4.1 Key objectives 
The four key objectives of the over-arching project as set out in the request for quotation and tasking 
statement (RFQTS) were for the:  

 Conduct of ASC NEPM compliant detailed environmental investigations 

 Conduct of ASC NEPM compliant human health and / or ecological risk assessments (if assessed as 
necessary) 

 Development, maintenance, and management of Site-specific stakeholder information and engagement 

 Development of a PFAS Area Management Plan (PMAP) which includes an Ongoing Monitoring Plan 
(OMP) to address identified risks 

The following specific task objectives contributed to these overall objectives.  

1.4.2 Specific Task Objectives 
The specific task objectives established by the RFQTS included: 

 Undertake a comprehensive contaminated land investigation and associated risk assessment to 
determine whether on and off property community stakeholders have access to safe drinking water that 
has not been affected by PFAS sourced from the Site 

 Identify and assess off-property land and water uses associated with food production for human 
consumption 

 Identify potential PFAS contamination sources associated with the use, storage and waste management 
of legacy AFFF products 

 Identify, confirm and / or characterise the nature, fate and transport of potential PFAS contamination 
(vertically and laterally)  

 Develop and implement a detailed Stakeholder and Community Engagement Program to ensure 
stakeholders are appropriately informed and engaged. 

 Ensure that all Site-specific-information is captured and retained for use by Defence 

 Develop a PMAP for the Site to monitor and manage PFAS contamination 

 Evaluate Site data against Tier 1 screening criteria to determine if PFAS contamination poses a risk such 
that a Site-specific human health and / or ecological risk assessment needs to be undertaken 

 Identify and provide initial characterisation of non PFAS chemicals of concern both on and off-Site 
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1.5 Scope of Work 
The scope of works for the DSI has been designed to be consistent with the ASC NEPM and PFAS NEMP 
guidelines, and comprises the key actions presented in Table 1-1: 

Table 1-1   Scope of works 

Key action Description 

Literature 
review 

 Review of publicly available and Defence-provided literature and previous investigation reports 
pertaining to the Site and general information on PFAS 

Water use 
survey 

 Undertake a survey of water usage/sources of properties within a targeted area surrounding the Site 
 Results used to inform whether groundwater and surface water is consumed and for what uses to 

allow evaluation of potential exposure to Site-derived PFAS 

Field work  Completion of an intrusive investigation on the Site and surrounding areas to assess the nature and 
extent of PFAS impact 

 Collection of field data and sampling and analysis of soil, sediment, pore water, surface water and 
groundwater from targeted locations on-Site, off-Site and in the surrounding areas (i.e. locations in 
Skeleton and Laverton Creeks distant from the Site).  

 The on-Site intrusive investigation included: 
− Soil sampling and analysis of 208 primary soil samples on-Site across six sampling rounds in 

tandem with the monitoring well installation 
− Groundwater sampling comprising sampling of the existing groundwater monitoring well network 

(72 locations) for preliminary assessment of PFAS presence within the groundwater 
− Installation of 24 new groundwater monitoring wells on-Site, and analysis of groundwater samples 

from the newly installed wells to assess aquifer characteristics and PFAS presence within the 
groundwater 

− Surface water sampling comprising 14 primary samples (collected in Doherty’s Drain, Laverton 
Creek, former electroplating facility sump and stormwater drainage systems) with associated 
sediment (14 samples) and pore water (8 samples) 

 Intrusive works that were undertaken in the surrounding area included:  

− Soil sampling and analysis of 52 primary soil samples over two rounds of drilling in tandem with 
the off-Site monitoring well installations 

− Groundwater sampling comprising installation of 17 new groundwater monitoring wells off-Site, 
and analysis of groundwater samples from the newly installed wells to assess aquifer 
characteristics and PFAS presence within the groundwater 

− Surface water sampling comprising 34 off-Site primary samples (collected in Skeleton Creek, 
Doherty’s Drain, Laverton Creek and nearby wetlands) with associated sediment (29 samples) 
and pore water (14 samples) 

Laboratory 
analysis 

 Analysis of recovered samples (including intra- / inter-laboratory duplicates) and PFAS rinsate blanks 
 Analysis of recovered samples (including intra- / inter-laboratory duplicates) for selected non-PFAS 

contaminants of potential concern (COPC) at a rate of 1 per 5 PFAS samples6*  

Assessment 
of Site 
investigation 
results 

 Completion of QA/QC assessment to evaluate quality and completeness of dataset  
 Comparison of laboratory results with documented Tier 1 investigation levels (the assessment criteria) 
 Discussion of results of sampling and analysis, including an assessment of the potential risks and 

impacts on human health and the environment 
 Screening (preliminary) risk assessment based on the identified nature and extent of PFAS impact 
 Development of a Conceptual Site Model to identify the relevant pollutant linkages 
 Identification of the remaining gaps and uncertainties, and the requirement for further assessment 
 Establishment of appropriate Site management options, and consideration of remedial options suitable 

for breaking the identified relevant pollutant linkages (as part of the PFAS Area Management Plan7) 

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

*non-PFAS COPC are not the primary driver for this investigation

 
6 Department of Defence Guidance Document D: Non PFAS analysis of other chemicals of potential concern 
7 The PMAP will be produced as a stand-alone document following finalisation of the DSI. 
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2. Site Identification  
The current extents of the Base (i.e. the Site) is located 18 km west-southwest of the Melbourne central 
business district (CBD) and occupies an area of approximately 150 ha. The original extent of the Base 
(including the airfield) when it was established by the Royal Australian Airforce (RAAF) in 1921 was 
approximately 430 ha. Following closure of the airfield in 1996, the western half of the former Base 
comprising of the former airfield was sold and subsequently redeveloped as the mixed use (primarily 
residential) precinct. The portion of land that was sold is known as Williams Landing; the majority of which 
has now been primarily developed for residential use. 

The Site is bounded by the more southerly Melbourne-Geelong railway line and Maher Road to the south. 
Sayers Road and Old Geelong Road to the north, Williams Landing to the west and Laverton to the east. 
The area is a part of the flat lying, basaltic plains of Western Victoria and gently slopes to the south east 
towards Port Phillip Bay. Laverton Creek enters the Base from the north east and exists on the eastern 
boundary of the Base while Doherty’s Drain crosses the Site from north west to east, joining Laverton Creek 
near the eastern boundary. Natural wetlands exist in the south-western corner of Williams Landing, which 
represent the natural low point of the area.  

The main activities at RAAF Williams Laverton over time have included flight training, flight programs, 
general aircraft testing, air surveys and air shows. The Site had several aircraft maintenance and refuelling 
areas, chemical storage areas, and numerous above ground and underground storage tanks (ASTs / USTs) 
that were used to store heating oil and fuel. Historic activities at the Site also included firefighting training, 
including the storage and use of AFFF. 

In recent times, operations at the Site have reduced with the main functions now being related to (non-flight) 
training facilities, storage, maintenance and administration buildings and sporting facilities. Site identifying 
details are summarised in Table 2-1. 

Table 2-1   Summary of Site identifying details 

Item Relevant Site Information Source 
Site address RAAF Williams Laverton, VIC, 3027 Department of Defence 
Property ID 0927 Department of Defence 
Site area 150 ha approximately Maunsell, 2009 / ARC GIS 

measurements 
Current Site owner Department of Defence Department of Defence 
Municipality Wyndham City Department of Environment, Land, 

Water and Planning (DELWP) 
Council Property Number 166422 DELWP 
Current Land Use Zoning Commonwealth Land (CA) DELWP 
Current Site Occupier Department of Defence (RAAF) DELWP 
Lot and Plan Number This property has 9 parcels 

1\TP858989, 2\TP858989, 3\TP858989, 
4\TP858989, 5\TP858989, 6\TP858989, 
7\TP858989, 8\TP858989, 9\TP858989 

DELWP 

Rural Water Corporation Southern Rural Water DELWP 
Water Retailer City West Water DELWP 
Power Distributor Powercor DELWP 

2.1. Investigation Area 
The investigation area (IA) for the intrusive component of the DSI is identified in Figure 2-1. The IA consists 
of the current RAAF Williams Laverton cadastral boundary, as well as former extents of the base and water 
bodies downgradient of the Site. Whilst sampling and analysis was primarily performed within the operational 
extent of the Base, additional intrusive sampling and analysis works was undertaken off-Site for the purposes 
of establishing background concentrations of PFAS, potential extents of off-Site migration of PFAS impacted 
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media and to assess potential historical PFAS sources areas associated with the now divested former airfield 
land (Williams Landing). 

Figure 2-1   Site location and investigation area 

 

2.2 Surrounding Land Use 

2.2.1 Surrounding Land Use Summary 
Land use surrounding the Site is shown in Figure 2 – Appendix A, and includes: 

 North – Laurie Emmins Reserve, which includes a picnic area, recreational lake, sporting clubs and a 
scout hall, is directly north of the Site. Further north and north west are the suburbs of Laverton North and 
Truganina which contain mainly residential or industrial areas. 

 East – The residential suburb of Laverton is directly east of the Site. Laverton Creek flows easterly 
through Laverton into Altona. The Laverton Secondary College is located 100 metres east of the property. 

 South – A railway corridor, Airport and Laverton train stations and light industrial area are directly south 
of the Site. Skeleton Creek, which drains into the Ramsar-listed Cheetham Wetlands located within 4 km 
of the Site. The residential suburb of Altona Meadows is situated to the south and south east including 
sports fields. The suburbs of Point Cook and Seabrook are separated topographically from the Site by 
Skeleton Creek. 

 West – The former RAAF Williams airfield was located west of the Site and was subsequently developed 
into the Williams Landing development area. This area also contains a natural wetland to the south west 
of Williams Landing (Laverton RAAF Swamp), several other smaller constructed wetlands (Ashcroft, 
Addison and Kingwell wetlands), conservation areas for native grassland, sporting ovals, medium-high 
density residential and commercial areas. Further east is the suburb of Hoppers Crossing. 

The surrounding land uses are summarised in Figure 2-2. 
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Figure 2-2   RAAF Williams Laverton surrounding land use 

 

 

Williams Landing 

In 1999, the RAAF Williams Laverton runways were decommissioned, and the airfield was sold off for urban 
redevelopment. In recent times, operations at the Base have reduced, in line with the growth of the 
residential population in new developments. Much of the area’s initial housing was provided for Base-staff 
and their families, with expansion continuing post-war. The area’s population declined in the 1990’s, however 
in early 2007 the Victorian Government gave approval for the land that was formerly the Laverton airfield and 
runway to be developed into the new suburb of Williams Landing, in the municipality of Wyndham City.  

Williams Landing, developed on divested RAAF Williams Laverton land, is a transit-oriented development, 
major activity centre and employment node with a town centre and four residential neighbourhoods including 
Kingwell (northeast), Addison (east), Ashcroft (northwest) and Elmstead (west) as shown in Figure 2-4. 
Construction commenced in late 2007 and is due for completion by 2025. As with the surrounding area, there 
are significant wetlands, conservation, parks and recreation areas (including sporting reserves) within this 
development. This area was subject to five previous audits (further details in Section 4.1.3) and a human 
health risk assessment specific to PFAS. 

The key features of this area are summarised in SLR Consulting (2018): 

 Town Centre 

 Multi-storey apartments 

 Commercial precinct, including retail centres 

 Aged Care Facilities 
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 Kingwell neighbourhood 

 Constructed wetland (Kingwell wetland) to the west of neighbourhood 

 Mixed residential area including compact lots, traditional lots, terraces and may include apartments 

 Recreational reserve including sporting fields 

 Ashcroft neighbourhood 

 Conservation (grassland) reserves to the west and south of neighbourhood 

 Mixed residential area including compact lots, traditional lots, terraces and may include apartments 

 Elmstead neighbourhood 

 Constructed wetland (Ashcroft wetland and Bio Retention System) to the south of neighbourhood 

 Conservation (grassland) reserves to the east and south of neighbourhood 

 Addison neighbourhood 

 Constructed wetland – Addison Wetland 

 Mixed residential area including compact lots, traditional lots, terraces and may include apartments 

 Natural Wetlands (Laverton RAAF Swamp) to the south west 

There are currently no schools in Williams Landing. The closest school to the south is Seabrook Primary 
School on Point Cook Road.  

There is a community garden at the end of Mallard Close to the north of Williams Landing. The Williams 
Landing Community Garden is part of the Williams Landing Parkland and beds appear to be raised 
approximately 1 m above surrounding ground level (refer to Figure 2-3). 

Figure 2-3   Williams Landing Community Garden location 
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Figure 2-4   Williams Landing neighbourhood plan 
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2.2.2 Laverton 
Laverton lies to the east of RAAF Williams Laverton, in the municipalities of Hobsons Bay and Wyndham 
City. It abuts the eastern boundary of the Site. There is evidence of ex-military housing east to Bladin Street 
in Laverton, however historic aerial images suggest these were not within the confines of the Site at any 
time. The area to the immediate south of the Site (south of the railway corridor) generally consists of an 
industrial and commercial precinct. 

There are multiple primary, secondary, private and special needs schools in the surrounding suburbs of 
Laverton. The closest to the east are Laverton P-12 College on Bladin Street (100 m east of Site and 
immediately to the north of Laverton Creek), Jennings Street School directly around the corner (200 m east 
of Site), Laverton North Kindergarten on Whittaker Avenue (300 m east of Site), the Western Autistic School 
on Burney Street (500 m east of Site) and the St Martin de Porres Primary School on Bellin Street (500 m 
east of Site). There is a community garden on Bladin Street in the front of Laverton P-12 College to the east, 
(approximately 100 m east of Site and 250m to the north of Laverton Creek). Beds here are also raised 
approx. 1m. 

2.2.3 Altona Meadows 
The suburb of Altona Meadows lies to the south east of the Site in the Hobsons Bay municipality. This area 
is generally residential, with two sporting reserves (Bruce Comben Reserve and AB Shaw Reserve). 
Cheetham Wetlands is located partly within Altona Meadows. Cheetham Wetlands contains numerous 
boardwalks across a network of lagoons. 

2.2.4 Land Use Zones 
The Site is zoned as Commonwealth Land, and is surrounded by the residential suburbs of Laverton, 
Laverton North, Truganina, Williams Landing, Point Cook, Seabrook and Altona Meadows. These areas are 
predominantly zoned as Residential or Development areas, including Public Open Space, Commercial / 
Industrial and Service and Utility areas. 

The land zoning classification for the area is presented in Figure 2-5. 

Figure 2-5   RAAF Williams Laverton Zone Plan 

   

https://en.wikipedia.org/wiki/Local_government_areas_of_Victoria
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2.3. Site operations and features 
The property was first developed for use by the RAAF in 1921. Prior to use by Defence, the land formed part 
of Chirnside Estate and was used for grazing of livestock. Defence has occupied the property continuously 
since 1921 and conducted a wide range of activities including flight training, flight programs and testing, air 
surveys, air shows, assembly and maintenance of aircraft, firefighting training and the storage and testing of 
explosives and weapons. Currently, key uses of the Base include the Defence International Training Centre 
and the Australian Defence Force (ADF) School of Languages.  

Prior to 1996, the property also included a large parcel of land to the west, which hosted the runways and 
taxiways for the Air Force Base. This portion of the Base was sold for redevelopment. RAAF Williams 
Laverton Base is no longer an operating airfield and there are no aircraft remaining on the Site. The former 
airfield is now occupied by the residential developments of Williams Landing and ongoing residential 
development of this area continues at the time of this investigation. 

The features and operations outlined in this section refer to the current extents of the Base (i.e. the Site) 
unless otherwise specified. 

2.3.1. Site features 
In recent times, operations at the Site have reduced with the main functions now being related to training 
facilities, storage, maintenance and administration buildings and sporting facilities. Currently, the Site 
comprises buildings, structures and facilities that can be broadly classified based on the following functional 
zones and uses, such as: 

 Base accommodation and housing residences 

 Base services and support 

 Childcare centre 

 Hospital and health clinic  

 Recreational sports fields and facilities (including golf course) 

 Meteorological station 

 Training centres 

 Miscellaneous services (including canteen and mess hall) 

 Storage, warehouse facilities, hangars and workshops 

2.3.2 Base Services and Support 
General Site services and support include; 

 Combat Support Unit Williams 

 Headquarters RAAF Training Command 

 Defence International Training Centre 

 No. 4 Air Transportable Health Flight 

 RAAF Central Band 

 Defence Publishing Service 

 Defence Material Organisation 

 No. 21 Squadron 

 ADF School of Languages 

 Former Central Photographic Establishment (CPE) facilities 

 Hospital, health and childcare facilities 
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 Canteen 

 Cinema and police station 

 Auxiliary equipment and buildings 

A Base plan is provided in the appendices and a summary of Site features is presented in Figure 2-6. 

Figure 2-6   RAAF Williams Laverton-Site features 

 

Temporary accommodation, training (non-firefighting) and messing 
These buildings typically provided temporary accommodation for personnel during training (non-firefighting) 
and messing facilities for Defence personnel who are visiting the Site, as well as Site services including a 
hospital and health clinic, cinema and cafeteria. The buildings typically comprise of single and multi-story 
brick buildings with surrounding landscaping and sealed roadways.  

The accommodation on-Site consists of multi-story dormitory style rooms or flat/unit complexes with shared 
and common facilities. These buildings are concentrated in the central area of the Site adjacent to the 
Defence International Training Centre. The typical duration for personnel visits to Site vary depending on the 
training course they are undertaking, generally one week up to a year.  

Some standalone housing is located on the Site in the north west portion of the Base between Tangmere 
Road and Sir Richard Williams Avenue, consisting of single-story brick cottages. These quarters were 
reserved for Defence personnel with families who served full time on base, but it is understood that these 
buildings have not been occupied since 2005/2006 (pers. comms. former Base Services Operation Manager 
(BSOM) Phil Jackson).  
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Outdoor and indoor recreational areas 
Sports Field 

There are three sporting fields in the central area of the Site, north of Bell Parade adjacent to the 
Gym/Swimming pool and golf club. Interviews with Base staff indicate that these fields are not used on a 
regular basis. All fields are covered by natural grass surfaces and are irrigated using potable water from 
mains water sources. 

Golf Course 

A nine-hole golf course is located on the northern area of the Site between the Old Geelong Road and the 
Officer’s accommodation/mess and sports fields. The course was constructed between 1968 and 1971. The 
first official competition match was held in February 1970 and the course opened in March 1971. In 1976, the 
earlier 12 mm irrigation pipeline was augmented with another irrigation line off the 50mm main. This irrigation 
line ran east/west along the northern boundary to the 7th green. The golf course continues to be irrigated by 
mains water. The golf course is open for use by both Base personnel and the general public (since 1983).   

Swimming pool and gymnasium 

The swimming pool and gymnasium is in the central area of the Site on Anderson Road, off Bell Parade. The 
gymnasium consists of a large mixed-use single court building with adjacent squash and mixed-use rooms. 
The swimming pool is a 25 m outdoor lap pool. The gym and pool are both serviced by on-Site water mains.  

On-Site Services 
Childcare Centre 

The RAAF Williams childcare centre is located to the south of the Site. It consists of a single storey medium 
sized brick building with an outdoor play area, which includes a sand pits, herb garden and chicken pen.  

Base Administration and Support Buildings 

Most of the buildings on-Site are now used for Department of Defence administrative or logistical support as 
either commercial office spaces or warehouse. The administrative support and logistics office spaces are 
concentrated in the central area of the Site, while the logistics support storage and warehousing facilities are 
concentrated in the western finger area (south west corner of the Site).  

2.3.3 Other relevant current and former infrastructure 

Hangars, Fire Station, workshops (former Aircraft Maintenance and refuelling areas) 
There are a series of hangars along the western boundary in an area referred to as the Wet Testing area 
(Golder 2017) or Aircraft Maintenance and Refuelling (SKM 2013). There were workshops in this area, which 
was used for refuelling and aircraft maintenance. The former Fire Station was located at the north end of the 
Wet Testing Area (reportedly north of Building 36) and other hangars were also used to park the Fire Trucks 
(such as Building 33). The hangars in the Western Finger area also associated with aircraft maintenance and 
refuelling area referred to as the Air Movements. The convention of Wet Testing Area and Air Movements 
from PSI has been adopted for consistency. Further details specific to AFFF storage and use are provided in 
Section 4. 

Former fire training areas 
Two main fire training areas have previously been reported. The former primary fire training area is on the 
western side of the former extents of the Base. It is understood that this area consisted of pits and disused 
aircraft. The former secondary fire training area is to the north of Doherty’s Drain. It was reported that there 
there was no infrastructure in this area as no hot fire training occurred. Further details specific to AFFF 
storage and use are provided in Section 4. 
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Former runways 
The divested land to the west of the Site was the former location of the runways and taxiways for the air 
force base. Further details specific to AFFF storage and use are provided in Section 4. 

Current and historical storage tanks 
A desktop audit review recently carried out by Aurecon (2018) summarised the current status of the Site’s 
fuel storage infrastructure (both ASTs and USTs) on-Site at Laverton. The majority of storage tanks on-Site 
have been removed, with the exception of one UST under Building 436, which is still in use. None of the UST 
systems reportedly included fire suppression systems.  

In total, there have historically been up to 17 UST locations situated across the Site of varying size and 
purpose. Table 2-2 summarises the findings of the investigation:  

Table 2-2   Summary of investigations per UST 

UST Number Status of UST Pre- Investigation Status of UST Post Investigation 

A0621/LAV05 GHD (2012) reports UST has been removed.  Validated removed. 

UST16/A0626/LAV16 GHD (2012) reports UST has been removed.  Validated removed. 

UST15/LAV15 GHD (2012) reports UST has been filled with 
concrete slurry.  

Validated removed. 

UST14/A0625/LAV14 GHD (2012) reports UST has been removed.  Validated removed. Second UST located 
nearby (unidentified).  

UST13/A0630/LAV13 GHD (2012) reports UST has been removed.  Validated removed. 

UST11/ A0622/LAV11 GHD (2012) reports UST has been filled with 
concrete slurry.  

Validated removed.  

LAV06 GHD (2012) reports UST has been removed. Validated removed. 

LAV07 GHD (2012) reports UST has been removed. Validated removed. 

LAV08 GHD (2012) reports UST has been removed. Validated removed. 

LAV09 GHD (2012) reports UST has been removed.  Validated removed. 

LAV10 GHD (2012) reports UST has been removed. Validated removed. 

LAV17 GHD (2012) reports UST has been removed.  Validated removed. 

A0631 UST is reported to have been 
decommissioned in-situ. 

Validated removed.  

A0625 UST is reported to have been 
decommissioned in-situ. 

Duplicate of UST14/LAV14. 

A0436/V96772Z/A0624/LAV12 Defence advised UST in use and critical to 
operations. 

Tank located inside plant room at 
Building 436 (School of 
Communications). 5000L diesel tank. 
Tank still in use.  

927_UST2 UST is reported to have been decommissioned in-
situ. 

Validated removed. 

927_UST1 Status of UST is unknown.  Validated removed. 

 

In the northern section of the Site, there is an area indicated as an Old Fuel Farm and given the 
Contaminated Site Register designation VT0041 (refer to Figure 8 – Appendix A. The Old Fuel Farm was 
located near the old northern boundary entry to the Site (between Rowland Road and Laverton Creek) and 
existed between 1966 and 1993. It comprised between two and four ASTs. Three further ASTs are identified 
in Maunsell (2007) were north west of Wet Testing Area (LAV03), adjacent to the canteen in the centre of the 
Site (LAV004) and on the southern boundary west of the Former GEMS Compound (LAV002).   
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2.4 Site infrastructure 

2.4.1. Water supply 

Potable water 
The Base and surrounding properties are serviced by reliable mains water supplied by City West Water as 
the primary water source. City West Water indicated that RAAF Williams (Laverton) has been serviced by 
mains water since 1929, the connection extended in 1933. There are no registered on-Site users of 
groundwater or surface water. There are also no known non-registered uses of groundwater or surface water 
on the property. 

The Visualising Victoria’s Groundwater website (http://www.vvg.org.au/), a Victorian government web-GIS 
tool that combines groundwater data from various sources, indicates that groundwater in the vicinity of the 
property is saline (3500 - 7000 mg/L TDS) and unlikely to be suitable for drinking water purposes. This was 
supported by salinity measurements from the PSI indicating salinity in the range of 1350 - 13,000 mg/L TDS 
(Golder, 2017). It is considered unlikely that potable use of groundwater would occur given the readily 
available supply of potable water from reticulated sources within the area (part of the greater Melbourne 
Metropolitan area). 

Irrigation water 
The Base and surrounding properties are serviced by reliable mains water supplied by City West Water as a 
source of irrigation water. The grassed areas situated between buildings and the RAAF Williams Laverton 
golf course are irrigated with potable mains water based on observations made during Site visits. No 
pumping equipment or irrigation production bores were observed during the Site investigations. Personnel 
confirmed that the golf course was watered with mains water. It is reported that this has been the case since 
the late 1960s when the course was developed as described in the golf course history (RAAF Williams 
Laverton Golf Club 2014). 

Off-Site residential and commercial properties also have access to mains water as the primary water source. 
Off-Site water use is further discussion in Sections 3.6.4 and 3.6.5. 

The salinity of the general groundwater (VVG, 2018 and Golder, 2017) means that it is unlikely to be suitable 
for irrigation purposes. It is considered unlikely that irrigation with groundwater would occur given the readily 
available supply of potable water from reticulated sources within the area (part of the greater Melbourne 
Metropolitan area).  

2.4.2 Sewer 
The Site is connected to off-Site sewer mains, serviced by Melbourne Water which disposes of all 
wastewater streams off-Site. The closest wastewater treatment plants are Altona Treatment Plant, 
constructed in the 1960s, and Western Treatment Plant (WTP), which has been in operation since 1897. The 
Altona Treatment Plant catchment includes the southern edge of Site. The Main Outfall Sewer, a semi-
circular brick or concrete lined channel constructed in 1894, historically transferred sewage from Melbourne 
to WTP. This sewer, which passed north of the Site, was decommissioned in 1993 after the construction of 
the underground Western Trunk Sewer. The Western Trunk Sewer to WTP also now passes north of the 
Site. This sewer main consists of 15.2 km of deep tunnel from Brooklyn Pumping Station to Hoppers 
Crossing Pumping Station and 7.3 km of shallow tunnel from Hoppers Crossing Pumping Station to WTP. 
WTP treats wastewater via a lagoon system.  

Anecdotal evidence from Base personnel and information sourced from prior reports (SMEC, 2006) also 
suggested that there was a former sewage farm or associated infrastructure (i.e. a pump station) located on-
Site, citing historical aerial imagery from up until the 1980s, which indicated that the farm consisted of two 
linear treatment tanks running north to south. The CMPS&F (03-94) report also references wastewater 
treatment in the Western Finger Area. No other Department of Defence records exist regarding the presence 
of a sewage treatment plant or otherwise. Melbourne Water and City West Water were contacted for further 
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details. However, no City West Water records or drawings indicating a treatment plant were found, and 
Melbourne Water could not locate any records for any sewage treatment related infrastructure on-Site. 

The area where the old sewage farm was thought to be located is in the south west area of the Site in 
between the western finger and Building 41 (School of Languages Building). According to Site aerial 
photographs reviewed by SMEC (2006), the building (thought to be a treatment plant) appears to have been 
decommissioned in approximately 1985.  

2.4.3 Drainage 
Two main surface water drainage lines cross the northern half of the property:  

 Doherty’s Drain 

 Laverton Creek 

Doherty’s Drain enters property below ground in the north western corner of the property and discharges to a 
series of three shallow (<1 m deep) engineered ponds from west to east across the property. The first 
(westernmost) dam on Doherty’s Drain is referred to as the Ornamental Lake. The second and third dams 
are positioned further east along Doherty’s Drain and serve primarily as water features and water hazards for 
the golf course. Construction of a central dam wall divides the two ponds and extends their length along the 
course of Doherty’s Drain. When actively flowing, Doherty’s Drain flows from west to east across the property 
connecting the three dams via concrete lined drains and underground pipes (under road ways) prior to 
merging with Laverton Creek. 

Laverton Creek is a permanent watercourse that enters the property to the north east and flows south across 
the eastern portion of the Site. The confluence of Laverton Creek and Doherty’s Drain is near the eastern 
boundary of the Site. Further details of Laverton Creek can be found in Section 3.5. 

The engineered surface/storm water drainage system consists of concrete drains and pipe networks, which 
direct surface runoff from buildings, roads and ‘hard stand’ areas. A small portion of the Site is concrete 
and/or asphalt sealed areas, including the former wet testing area and air movements / western finger areas. 

There are several discharge points from the engineered drainage network to Doherty’s Drain as indicated in 
Appendix A – Figure 5. The service plans indicate that these drainage lines are generally from the open 
space to the north or general buildings and roads to the south. Based on the service plans, one discharge is 
combined from Williams Landing residences to the west and the north west corner of the Hangar’s hardstand 
area. Observations from a Site inspection indicated that the drainage grate in the north west corner of the 
Hangar’s hardstand area was blocked by accumulated sediments. 

Surface water from the concreted hard stand area on the western boundary of the Site (Wet Testing Area) is 
directed into a grated storm water trench that runs approximately north-south perpendicular to the hangars 
(refer to Figure 2-7). The trench does not appear to have any direct connections to the wider Site storm 
water network, and contains irregular cracks, slab joints and anchor points from when it was first constructed. 
General inspection of the area indicates that run off from the trench flows southwards, draining onto the 
grassed area north of the International School of Languages and a second piped runoff in the north east 
corner of the hardstand. 
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Figure 2-7    Wet Testing Area (Hangars) surface water drainage system (facing north) 

 

Surface water from the Western Finger Area flows in a grated pit that runs in three sections approximately 
east-west (refer to Appendix A – Figure 5). Further north-south grated pits drain surface waters to the 
southern boundary of the Site (see Figure 2-8) into an open channel running along the southern boundary. 
This open channel in the south-west corner of the Site discharges into a ditch between the rail corridor and 
the southern Site boundary adjacent to Kidbrooke Road. When flowing, this surface water channel flows 
under the rail line and Princes Freeway via a culvert to marshy area in Altona Meadows, prior to entering 
Skeleton Creek. A Site inspection on 6 September 2018 indicated that water was stagnant in the open 
channel on the south border and the open drainage channel discharging to Skeleton Creek was dry. 
Following a high rainfall event on 3 June 2019, this open drainage channel connected to Skeleton Creek was 
full but appeared stagnant. 
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Figure 2-8    Western Finger Area surface water drainage system (facing north from the southern boundary) 

  

There are many other drainage networks connected to Skeleton Creek in the vicinity of the Site. There are 
multiple outflows from the community into Skeleton Creek as indicated in Appendix A – Figure 5. The other 
main drainage pathway pertinent to the DSI is the connection between the Laverton RAAF Swamp and 
Skeleton Creek.  

There are two main pathways, which flow in a generally southerly direction, are summarised as follows: 

 Williams Landing stormwater drainage / runoff – Bioretention Pond – Laverton RAAF Swamp – Forsyth 
Road Drain (south of Laverton RAAF Swamp) – Skeleton Creek 

 Truganina and Williams Landing stormwater drainage / runoff – Forsyth Road Drain (main section) – 
Laverton RAAF Swamp – Forsyth Road Drain (south of Laverton RAAF Swamp) – Skeleton Creek 

Field observations on 6 September 2018 and 3 July 2019 indicated that water was flowing at a low rate from 
Laverton RAAF Swamp into Skeleton Creek via an open channel (Forsyth Road Drain) discharge. 
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3. Environmental Setting 

3.1. Ecological setting 
The southern half of the Site is a significantly developed and modified area consisting of lawns, paved areas, 
roads, carparks and buildings. Grassed road reserves, lawns and garden beds exist across the southern half 
of the property and are well maintained. 

The northern half of the property, while less developed with buildings and paving, has also undergone 
significant disturbance, particularly during construction of the golf course and periodic alterations to the 
watercourses throughout the property’s history. The majority of soil disturbance associated with development 
of the golf course occurred in 1971 prior to the opening of the golf course and significant fire training 
activities (RAAF Williams Laverton Golf Club 2014).  

Doherty’s Drain has been significantly altered from its natural state. It currently runs through underground 
pipes across the north-western corner of the property and is dammed at three points. Dam spillways are 
connected either by open, concrete lined channels or underground pipes. Laverton Creek crosses the north 
eastern segment of the property and consists of marshland with most large vegetation absent along its 
length. 

The surrounding area has undergone a similar level of urbanisation for residential suburbs. Agricultural land 
is present approximately 5 km to the south and south-west of Laverton towards Werribee, which is used for 
grazing and dairy production. 

The condition of the Laverton Creek estuary further downstream of the Site is summarised by Melbourne 
Water (2018) as follows; 

 There are relatively few estuarine birds recorded for Laverton Creek. The estuary is fringed by a highly 
industrial environment and the predicted climate change impacts will further erode suitable bird habitat 

 The fish value score for Laverton Creek is high and is predicted to remain high in the long-term. A good 
diversity of estuarine dependent species inhabits the estuaries and are likely to remain 

 The estuarine vegetation value in Laverton Creek is currently very low, with very poor condition and no 
significant ecological vegetation classes present 

 Overall hydrological condition is considered very poor 

The condition of the Skeleton Creek estuary further downstream of the Site is summarised by Melbourne 
Water (2018) as follows; 

 The estuarine bird score is currently high for Skeleton Creek8 as the estuary is formally recognised for its 
value as bird habitat (through Ramsar, East Australasian Flyway Site, Directory of Important Wetlands, 
Important Bird Area and Important Bird Habitat) and the vegetation is currently in moderate condition. The 
current and potential trajectory is a decline in the estuarine bird score to moderate due to predicted 
climate change impacts which are unable to be mitigated as the estuary is fringed by a highly industrial 
environment and the predicted climate change impacts will further erode suitable bird habitat. 

 The fish value score for Skeleton Creek is high and is predicted to remain high in the long-term. A good 
diversity of estuarine dependent species inhabits the estuaries and are likely to remain 

 The estuarine vegetation value score in Skeleton Creek is currently low with a trajectory of very low. 

 Overall hydrological condition is considered very poor 

 Skeleton Creek eventually discharges through Cheetham wetlands (Ramsar wetlands) to Port Philip Bay 

 
8 The referenced wetlands are 4 km downstream of Site 
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3.1.1 Victorian Waterway Management Program 
The local ecology of Doherty’s Drain, Laverton Creek and Skeleton Creek is monitored and managed under 
the Victorian Waterway Management Program by Melbourne Water. Urban development places significant 
pressure on waterways and their social and environmental value through increased flows, higher erosional 
forces and urban runoff.  

In the context of this investigation, the surface water sampling program was designed to assess the 
presence of PFAS in surface water on-Site and confirm the transport of contamination travelling off-Site. The 
surface water sampling program also took into consideration the possibility that PFAS may be present in 
surface water bodies that are not a result of AFFF use on-Site. PFAS is known to occur in a variety of 
synthetic products found commonly in urban settings. Given this, there is a possibility that there is a pre-
existing PFAS background concentration within surface waters entering the Site from urban runoff.  

Recreational Fishing Use 

Consideration of the surface water ecologies also included assessment of the likelihood of Laverton and 
Skeleton Creek for recreational fishing use. Small commercial fishing operations are highly unlikely given the 
size of each waterway, and the pre-existing residential land use further making any commercial operation 
unviable.  

Recreational fishing species that are considered a possibility are freshwater crustaceans (Yabbies), Anguilla 
australis (Short-finned eel), Anguilla reinhardtii (Long-finned eel) and Cyprinus carpio (European Carp). Carp 
are declared a noxious aquatic species in Victoria, which makes it an offence to possess, transport or 
release live carp, or use live carp (including all forms of carp and goldfish) as fishing bait. The declaration of 
"noxious" fish does not mean that the species cannot be fished for or eaten. 

The Victorian Eel fishery is managed under the Victorian Eel Fishery Management Plan and is input 
managed, with limited entry, gear restrictions and water allocation as the main controls. Under this plan, 
Skeleton Creek and Laverton Creek are listed as waters closed to commercial fishing. The possibility of 
recreational fishing in the area is plausible.  

Crustacean fisheries (such as Yabbies) are managed by the Victorian Fisheries Authority (VFA) as a fishery 
resource under the Fisheries Act 1995 (Vic) and Fisheries Regulations 2009 (Vic). Yabbies can be fished for 
either recreationally with possession limits, or commercially with a license. The Victorian Fisheries Authority 
website does not indicate a marine aquaculture Site in Skeleton or Laverton Creek. 

3.1.2 Matters of National Environmental Significance 
Laverton Creek and the three constructed dams along Doherty’s Drain appear to support developed 
ecosystems of flora and fauna. A search of the Protected Matters Search Tool conducted by Maunsell (2009) 
and repeated by Golder in 2017 identified several Matters of National Environmental Significance (MNES) 
which may occur at, or relate to, RAAF Williams Laverton.  

The database indicates that there are 52 threatened species of birds, fish, frogs, mammals, reptiles, turtles, 
sharks and plants as possibly being members of local ecological communities. The threatened animal 
species identified were also listed for the wider Laverton area and are thought to be associated with 
migratory species and are unlikely to be specific to the property. 

Five ecological communities were listed as threatened: 

 Grassy Eucalypt Woodland of the Victorian Volcanic Plain 

 Eucalyptus microcarpa (Grey Box) Grassy Woodlands and Derived Native Grasslands of South-eastern 
Australia 

 Natural Temperate Grassland of the Victorian Volcanic Plain 

 Seasonal Herbaceous Wetlands (Freshwater) of the Temperate Lowland Plains 

 Subtropical and Temperate Coastal Saltmarsh 

The matters of NES include one Wetland of International Significance (Ramsar Site) – the Western Shoreline 
of Port Phillip Bay and Bellarine Peninsular, located approximately 8 km off-Site to the south. Other matters 
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protected by the EPBC Act include 62 listed marine species and the nationally important wetlands at the 
former Cheetham Saltworks Site (Cheetham Wetlands). Cheetham Wetlands is made up of lagoons and 
saltmarsh at different salinity levels, which were created through the activities of a the former Cheetham 
Saltworks. The intentional filling of several relatively shallow ponds creates an environment that attracts birds 
that feed on vegetation, insects, larvae and other small fauna in the water and on the pond floor. The 
Ramsar Site Management Plan (DELWP 2018) reports that the hydrology of the Cheetham wetlands is 
artificially maintained in accordance with required specifications. In spring, 3% of ponds should be dry, 67% 
should be shallow and suitable for migratory shorebirds, and 30% should be deeper for longer legged 
shorebirds. Parks Victoria have responsibility for managing these wetlands. 

Further sensitive ecological receptors identified as prevalent in the investigation area, include but are not 
limited to; 

 Mammals, such as kangaroos, rabbits, possums and wallabies 

 Birds, migratory and local 

 Reptiles and insects 

 Benthic detritivores 

 Grass, trees and other vegetation 

Agricultural pastoral land (grazing cows and / or horses) are maintained off-Site to the West and South of the 
Site for agricultural business (grazing and dairy) at a distance of at least 5 km. It is not considered likely that 
these activities will be affected by Site-derived PFAS impacts.  

Aurecon also undertook an EPBC 'self-assessment' to decide whether or not the DSI fieldwork program, will 
have or is likely to have a 'significant' impact on the National Heritage values of the place. Generally, a 
significant impact is an action that has an important, notable consequence. Whether or not an action is likely 
to have a significant impact depends upon the sensitivity, value and quality of the environment that is 
impacted, and upon the intensity, duration, magnitude and geographic extent of the impacts. All these factors 
should be considered when determining whether an action is likely to have a significant impact on the 
National Heritage values of a place (DAWE 2020). As DSI field works occurred outside of the Ramsar 
Wetlands and unlikely to impact matters of NES, it was determined that no referral to the Commonwealth 
was required for the purposes of implementing the proposed DSI works. 

 

3.2. Climate 
Long-term climatic data collected at the Site weather station (Bureau of Meteorology station number 087031) 
between 1941 and 2018 indicates the following: 

 Annual rainfall is approximately 535 mm, which occurs over approximately 88 days of rain. 

 Highest average monthly rainfall is approximately 55 mm, which occurs in October 

 Lowest average monthly rainfall is approximately 34.5 mm, which occurs in March 

Average maximum temperatures range between 14ºC in the winter and 25ºC in the summer. Average 
minimum temperatures range between 6ºC and 14ºC. Average annual wind speed is approximately 15 km/hr 
in the morning and 20 km/hr in the afternoon. 
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Figure 3-1    RAAF Williams Laverton Mean Monthly Rainfall 1941 – 2019 (Laverton BOM Station 087031) 
including data from 2018, 2019 and 2020 (to January) 

 

Figure 3-2 also compares the monthly average rainfall against the daily mean evaporation, where it is noted 
that the mean average evaporation exceeds the mean rainfall for the majority of the year. 

Figure 3-2    Laverton RAAF Station (087031) Mean Monthly Rainfall vs Mean Daily Evaporation 1981 – 2010 
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3.3. Topography  
The Site ranges in elevation between 10 and 20 metres (AHD) with a gentle slope to the south east, in the 
direction of the coastline (Port Phillip Bay), refer to Appendix A - Figure 7. A mound occurs in the north west 
of Site that is partially constructed of fill material. The Site is also cut by Laverton Creek and Doherty’s Drain, 
which run across the north and north eastern corner of the property. The south eastern slope continues off-
Site to the closest topographical low point, which is Skeleton Creek and eventually Port Phillip Bay. South of 
Skeleton Creek the topography rises slightly such that surface water is also directed into the creek from the 
South. Beyond the south banks of Skeleton Creek, there is a general slope to the South down to Port Phillip 
Bay. 

The former extent of the Base now occupied by Williams Landing has similar topography to the Site 
described above (i.e. 12.5 - 20 metres (AHD)). While significant landscaping occurred for development, this 
did not significantly alter the overall elevation of the area, and still contains a low point which features 
naturally occurring wetlands in the south / southwestern portion of corner of the original Site boundary. The 
area generally slopes to the south east. 

3.4. Geology 

3.4.1 Regional 
The Geological Survey of Victoria (1974) 1:63,360 Melbourne geological map shows the Site as underlain by 
the Quaternary-Tertiary Newer Volcanics Group (Newer Volcanics). The Newer Volcanics formation consists 
of olivine basalt and olivine labradorite basalt, and is light to dark grey in colour, coarsely vesicular in places, 
and can include minor interbedded silty sand and baked soils. Individual basalt flows can be separated by 
clayey palaeosols. 

Surface geology comprises predominantly volcanic rocks assigned to the Pliocene-Pleistocene Newer 
Volcanics and localised deposits of recent alluvium along drainage lines. In the Laverton area, the Newer 
Volcanics consist of a stack of relatively thin (<50 m) mainly basaltic lava flows and scoria beds that erupted 
from fissures and cones north of the Base.  

Interrogation of the GeoVic (DJPR 2019) and Visualising Victoria Groundwater (VVG 2019) websites 
indicated that geology at and near the Site comprised the following strata. 

Table 3-1   Indicative Regional Geology  

Lithology Thickness  

Quaternary Alluvium 0-6 m  

Upper Tertiary/Quaternary Basalt 43-53 m 

Upper Tertiary Aquifer (fluvial) 6-7 m 

Upper-Mid Tertiary Aquitard 62-78 m 

Lower Tertiary Aquifer 76-83 m 

 

The Site is located within the Western Plains sub-province of the Newer Volcanics, which structurally is 
characterised by widespread lava sheets deposited from monogenetic eruptions between 2-3 Ma, forming 
extensive volcanic plains (15,000 km2). This represents the most recent expression of volcanism on the 
Australian continent, where lava filled the existing valleys that had formed the underlying basement rock 
(Otway Basin Sediments), forming the relatively thin (<50 m) veneer of basalt flows present today (Lesti et al. 
2008). Surface geology is summarised on Appendix A - Figure 6. 
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3.4.2 Local  
Extensive drilling and geological logging has been conducted during the installation of over 80 groundwater 
observation bores across the property. Within the current Site boundary, bore logs show the geological 
sequence to comprise an upper layer of fill (poorly sorted clay / sand / gravels) overlying residual basaltic 
soils and clays which typically comprise high plasticity brown clays, sometimes with minor calcareous 
gravels. The residual clays are typically in the range of 0.5 to 1.5 m thick and overlie basalts of the Tertiary 
age Newer Volcanics Group. 

This upper / shallower basalt varies in thickness and weathering profile across the Site, from 2 to 8 m thick, 
and is typically dry at shallower intervals. Water expression during drilling is not uniform, but moisture 
increases with depth. Across the Site, the upper basaltic unit is underlain by a red/brown baked clay 
palaeosol of varying thickness, which is typically soft and moist to wet. Beneath this layer is another layer of 
basalt, considered to represent an older flow sequence of the same Newer Volcanic Group.  

At most locations, the Newer Volcanics sequence persisted to the maximum depth of drilling (typically up to 
25 m bgl), however, at one location near the northern boundary (GWA/1), sands and clays were encountered 
at a depth of 23 m bgl which are most likely representative of the Tertiary Age, Brighton Group sedimentary 
sequence. This lower clay layer was not encountered at GWE/1, which terminated at 25 m bgl. 

The on-Site geology is broadly summarised in Table 3.2. 

Table 3-2   Geology  

Lithology Thickness Description 

Fill  0 – 2 m Re-worked / imported fill from historical activity on-Site, consisting of coarse 
poorly sorted clays, sands, gravel and anthropogenic material typical of landfill 
(glass, brick, concrete, ceramics etc).  

Surface soils / 
clays 

0 to 2 m Natural clays and reworked natural soil. 

Upper basalt 2 to 8 m Upper basalt flow 

Clay 5 to 12 m Intermittent and highly variable thickness. Residual red/brown clay palaeosol 
formed from weathered basalt. Exists as a low permeability layer between the 
upper and lower basalt. 

Lower basalt 8 to 23 m Lower basalt flow 

Brighton Group >23m Encountered beneath the lower basalt at one (previous) location on the 
property. Comprised of clayey sands 

3.5. Surface water 
Surface water in the north west of the Site flows south into the Doherty’s Drain before connecting to Laverton 
Creek in the east (see Appendix A – Figure 5). Laverton Creek also collects surface water in the north east 
of the Site before ultimately flowing off-Site in an easterly direction. Surface water in the central and southern 
portion of the Site generally flow to the south. There is one major channel from the southern boundary going 
off-Site to the topographical low point of Skeleton Creek. 

Doherty’s Drain enters the Site in the north western corner of the property and flows through to a series of 
three constructed dams from west to east across the property. Doherty’s Drain has been modified between 
the first and second artificial dams with a concrete lined drain. The drain follows the centre line of the natural 
watercourse, based on historical aerial photos (SMEC, 2006). When actively flowing, Doherty’s Drain flows 
from west to east discharging to Laverton Creek.  

Laverton Creek originates in Ravenhall immediately south of the Western Freeway and passes through 
Derrimut, Truganina and Laverton before discharging to Port Phillip Bay at Altona approximately 5 kilometres 
downstream. The main tributaries to Laverton Creek include Kayes Drain and Doherty’s Drain. Doherty’s 
Drain is an ephemeral watercourse (flows slow and stop during summer) that enters the property from the 
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north and joins Laverton Creek on the eastern boundary of the property. Laverton Creek is a permanent 
watercourse that enters the Site from the north and flows south across the eastern portion of the Site. 
Laverton Creek is considered a generally gaining surface water system with a high potential for groundwater 
interaction (VVG 2019). This is based on topographic profile (minimum elevation of approx. 5.8 mAHD) and 
the measured depth to water table (approx. 5.4-6.2 mAHD). The creek originally terminated at Truganina 
Swamp, but a channel was constructed to drain water to Port Phillip Bay following flooding in the 1960s 
(Melbourne Water, 2018). 

Based on the aerial imagery, these two 'lakes' were constructed between 1976 and 1978 (aligning with the 
installation of water from the 50mm main running east/west along the northern boundary to one of the 
greens) and was infilled in 2005. As these surface water bodies have always been associated with the golf 
course, it is considered unlikely that they are relevant to the DSI. 

The closest off-Site surface waterbodies are: 

 Kingwell Wetland – a constructed wetland to the immediate west of the western boundary of Site 

 Addison Wetland – a constructed wetland 120 m west of the western boundary of Site and 70 m north of 
the Western Finger Area of the Site 

 An unnamed lake 550 m north of the Site  

 Laverton RAAF Swamp – a natural wetland 600 m west of the Site 

 Ashcroft Wetland – a constructed wetland 900 m west of the Site 

 Bio Retention System – immediately north of the Ashcroft Road, north of Ashcroft Wetland 

 Forsyth Road Drain – an open drainage channel discharging into and coming from Laverton RAAF 
Swamp, approximately 1 km west of the Site 

 Skeleton Creek – 800 m south of the Site 

Skeleton Creek originates near the Western Freeway (Truganina), and passes through Hoppers Crossing, 
Seabrook and Point Cook before discharging to Port Phillip Bay via the Cheetham Wetlands. The tributaries 
to Skeleton Creek include Dry Creek (upstream of Site), Forsyth Road Drain (near Site) and Cheetham 
Creek (downstream of Site). The indicative flowrate in Skeleton Creek flowing south of the Site was 
estimated to be approx. 165 ML/d with negligible proposed changes to the flow strategy (Spiire, 2013). The 
catchment area for Skeleton Creek is estimated to be 6900 ha (Spiire, 2013). There are existing concerns 
over poor industrial and land use practices in the past in the western suburbs, where contaminants are 
transported via waterways including Skeleton Creek to the bay in the Better Bays and Waterways Plan 
(Melbourne Water and Victorian EPA, 2009). This Plan estimates that 2-12% of contaminants are discharged 
to the bay via groundwater and 88-98% via surface water bodies.  

The Victoria State Government undertakes a State-wide assessment of major streams and rivers using the 
Index of Stream Condition (ISC). The third index is the most recent edition of the assessment completed in 
2010 and brings together data from a variety of sources to assess rivers and stream condition based on 
hydrology, physical form, streamside zone health, water quality and aquatic life. The upper and lower 
sections of Skeleton Creek were assessed in the ISC and were both rated as ‘Poor’, mainly due to low 
streamside zone, water quality and aquatic life scores.  

Skeleton Creek is considered a generally gaining surface water system where the creek gains flow from the 
connecting groundwater table. This is based on survey data for the elevation of surface water (approximately 
2.5 mAHD) and nearby groundwater depth (approximately 3.5 mAHD). The gaining nature of the creek is 
further supported by the VVG attribution that Skeleton Creek has a high potential for groundwater interaction. 
Skeleton Creek flows year-round and does not dry up in the summer months. 
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3.6. Hydrogeology 

3.6.1. Regional Hydrogeology 
Regionally, the uppermost aquifer at the Site is the New Volcanics Aquifer (NVA), a fractured rock aquifer 
that extends across most of western Victoria. The NVA is a multi-layer fractured rock aquifer system with 
sheet-like basalt aquifers separated by clay layers. Brackish groundwater (Segment C) is typically present in 
fractures zones, joints and the vesicular flow tops and bottoms. The uppermost aquifer is more vesicular, 
fractured and weathered, and is unconfined with a shallow water table, where the deeper aquifers are 
considered to be confined to semi-confined. In the Laverton area, the water table in the NVA is encountered 
between 8 and 9 m below ground surface (mbgs). The inferred water table contours presented in the Stage 
3-5 Audit of Williams Landing (Lane Piper, 2009) indicate a general direction of groundwater towards the 
south east and Port Phillip Bay. The water table discharges locally to rivers, streams and wetlands. 

Groundwater in the deeper regional flow system also flow towards Port Phillip Bay. Due to seawater 
intrusion, it is likely that the deeper groundwater would exhibit an upward gradient with discharge within the 
Newer Volcanics Aquifer located offshore in Port Phillip Bay. 

Hydraulic characteristics within the Newer Volcanic Aquifer System appear to be highly variable with 
transmissivities between 50-300 m2/day and bore yields from 0.4-40 L/sec (Leonard, 2006). Several 
groundwater bores exist in the wider region.  

The underlying basement rock in the region consists of Otway Basin sedimentary sequences, made up of the 
Brighton, Fyansford and Werribee formations (Anderson, 1989) which formed the depositional environment 
during the original lava emplacement. This created the variation in lava flow thickness seen in the Newer 
Volcanics, given the ‘lava flow fills valley’ depositional model where the overlying layer of basalt sequences 
is generally <50 m in thickness, but can be up to 200 m in palaeovalleys (Lesti et al. 2008).  

3.6.2. Local Hydrogeology 
The local hydrogeology is broadly defined by the presence of two basalt aquifers separated by an 
intervening clay aquitard, where present. The upper basalt aquifer is generally unconfined whilst the lower 
basalt aquifer is semi-confined to confined. Encountered thicknesses of the upper basalt varied significantly 
(between 2.7 – 13.7 m), while the total thickness of the lower basalt unit was 12 m in the north of the Site at 
GWA/1. Depth to water across the Site was measured between 0.65 to 10.55 metres below top of casing 
(mbTOC) in previous investigations. 

Based on conclusions from previous investigations, the geometry of the aquifer is such that, in places, the 
potentiometric surface can be below the top of the inter-basalt clay and the upper aquifer can be dry. 
Generally, the upper aquifer was shown to be absent across the northern half of the property and 
groundwater exists primarily in the lower aquifer. Hydraulic testing conducted on property by (SMEC, 2005) 
reported hydraulic conductivity ranging from 3 x 10-3 to 0.26 m/d. Groundwater flow in both the upper and 
lower NVA is generally towards the south and south-east towards Port Phillip Bay. 

Discharge from the NVA occurs predominantly into Port Phillip Bay, where the NVA extends to adjacent 
wetlands (such as Cheetham Wetlands) and offshore. While not evident in the inferred groundwater contours 
presented in the Stage 3 – 5 Audit (Lane, 2009), the Western Trunk Sewer (4.5 m diameter pipeline), which 
passes north of the Base, may leak locally. The Western Trunk Sewer runs along the northern boundary of 
the divested portion of the former Base and at a distance of approximately 1 km north of the Site.  

The inferred groundwater level contours and salinities presented in the 2017 Golder PSI and 2014 GHD 
reports indicates the presence of a mound of fresher groundwater in the Upper Basalt aquifer (that is, the 
water table in the NVA) within the Western Finger Area. This may have been caused by leaking mains water 
lines or stormwater drains. 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   30  

3.6.3 Site Groundwater Monitoring Network 
A review of previous environmental site assessment reports indicates the presence of approximately 80 
groundwater observation bores (monitoring wells – not including the monitoring wells installed during this 
DSI). Most of these bores were observed to still exist across the property. Almost all bores have been 
constructed with 50 mm well casing, which limits their effective use for groundwater extraction beyond water 
quality monitoring purposes. 

The extensive groundwater monitoring bore network have been installed throughout a series of 
investigations including undertaken at the property to assess contamination. The distribution of monitoring 
wells reflects the investigations that have been undertaken to assess the conventional contamination 
sources (petroleum storage and use of chlorinate solvents) and therefore have not specifically targeted AFFF 
activity. However, there is some degree of overlap with the known conventional contamination sources and 
areas of AFFF use. 

Groundwater monitoring bore depths were from 5.79 mbTOC to 26.0 mbTOC and targeted the upper basalt 
layer (~2 to 8 m) and lower basalt layer (~8 to 23 m). The majority of groundwater investigation wells target 
the upper basalt, however many of the previously installed groundwater monitoring wells are screened 
across both the upper and lower basalt layers. These wells are likely to be connecting the two basalt layers, 
which compromises using ground water levels to infer contours of ground water elevation across the Site. 

3.6.4 Bore water 
A summary of potential groundwater bores in the vicinity of the property was prepared as part of the 
Preliminary Site Investigation (Golder 2017). Additional information was gathered from the Victorian Water 
Measurement Information System (WMIS) and used to further assess the distribution and details of on- and 
off-Site bores. The WMIS is the state-wide repository of groundwater bore information managed by the 
Department of Environment, Land, Water and Planning (DELWP) for the State Government Victoria. 

The bore search identified 93 registered bores within three kilometres of the Site boundaries, of which 38 are 
observation/monitoring bores. The results of the Groundwater Bore Search are summarised in Table 3-3, 
and off-Site bore locations are displayed Figure 2, Appendix A.  

Table 3-3   Summary of Groundwater Bore Search  

No. of wells 
(bores) Registered Use Comments 

22 Destroyed or 
decommissioned or 
capped 

No access to groundwater available 

38 Observation or 
groundwater 
investigation wells 

These bores typically accessed by professionals trained in the assessment of 
groundwater, for either measuring groundwater levels, and/or water quality. 
As such, not likely to provide a pathway to a sensitive receptor, except for the 
wells mentioned at the end of Section 3.6.3 

5 Stock or Domestic or 
Irrigation 

Appear to be bores where groundwater may be extracted and used. 
3 km south east (ID 96881)  
1.2 km south east (ID 96919)  
1.5 km east (ID 96920) 
1.8 km east (ID WRK039523) 
1.7 km south west (ID WRK960196) 

3 Non groundwater 
bores 

Assumed to be either geological investigation only and/or no well 
installed. As such, access to groundwater not anticipated. 
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No. of wells 
(bores) Registered Use Comments 

24 Unknown use or 
Miscellaneous 

Status of these wells is not defined:  
5 bores - 2 km West (Near Hoppers Crossing Commercial Precinct)  
1 bore – 2.5 km South (in the suburb of Seabrook) 
1 bore – 3.5 km Southeast (in the suburb of Altona Meadows) 
8 bores – 0.5 – 1.5 km North – Northwest in Truganina Development 
9 bores – 0.25 – 1 km North – Northeast of Northern Site boundary 

* Note that the ‘WRK985627’ appears on the VVG website within Williams Landing, however there is no year of 
construction added and it was not observed during site inspection. 
 
During January 2017, Golder completed a curb-side water use assessment of the 29 groundwater bores that 
were registered for an extractive (stock, domestic or irrigation) or unknown use, and were not recorded as 
having been decommissioned. It is noted that external stakeholder communications were not undertaken in 
this phase of assessment and as such definitive conclusions on the actual use of bore water was not 
established. A further assessment of downgradient wells was performed by an Aurecon Environmental 
Scientist, which found no visible evidence that 96919 (Stock) and 96909 (Observation) were still in operation 
from a site inspection and review of aerial imagery. 

Of the 29 bores with a registered extractive or unknown use, two bores (WRK039523 and WRK960196) 
were identified as likely to remain active and were also located down-hydraulic gradient of the Site or former 
Base extents. A third bore (WRK985627) within Williams Landing was noted from further interrogation of the 
VVG.  

Further details of these three registered bores are summarised in Table 3-4. 

Table 3-4   Registered Bores  

Bore ID Registered 
Use Land Use Locality Comment (Golder 2017) 

WRK039523 IRRIGATION Sports fields Large irrigation bore and piping network present near playground 
approximately 1km east of south eastern corner of the Site. 
Appears to be well maintained and likely remains in active use. 
Likely for irrigation of sports fields using a combination of bore 
water and reclaimed storm water (signs confirm storm water 
reuse). This is hydraulic cross gradient to PFAS-implicated 
groundwater flowing off-Site as discussed further in Section 
10.3.3. 

WRK960196 DOMESTIC 
AND STOCK 

Industrial Commercial showrooms and warehouses for two businesses. 
Bore water sign observed. Well head observed in front garden of 
one business connected to sprinklers watering other business 
gardens. 
Garden includes one citrus fruit tree. Location is down gradient of 
the former primary fire training area (off-Site to the west of 
existing Base).  
A Water Use Survey interview with the bore installer (22/08/2019) 
indicated that the bore was constructed on the neighbouring 
property but connected across to the installer’s property. The 
bore water continues to be used for flood irrigation of grass at the 
front of the property (despite high salinity of 9000 mg/L TDS). 

WRK985627 UNKNOWN Residential This bore was not specifically referred to in the Golder 
Investigation. It is noted that it was located within what is now the 
suburb of Williams Landing.  
An inspection of the area where the bore is supposedly located 
according to co-ordinates provided on the VVG database by an 
Aurecon Environmental Scientist found no sign of the monitoring 
bore. 
Furthermore, aside from a total depth (25 m), and that it is no 
longer monitored, the VVG database does not include any further 
information (installation date or construction records). Given this 
is it considered that the bore no longer exists and was likely 
destroyed during development.  
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3.6.5. Water Use Survey 
A water use survey was issued to properties in the Williams Landing estate, residential area immediately 
east of the Site boundary and residential / commercial area immediately south of the Site boundary to 
determine water use and land use activities on properties within the former base boundary and immediately 
down hydraulic gradient of known source areas. The format of the water use survey was provided by 
Defence to ensure consistency with other Defence Sites where DSI works were being conducted.  

A total of 66 surveys were completed using hard copy or online (Survey Monkey) format between 15 August 
and 5 December 2018.  

To summarise the overall results of those returned surveys: 

 48 identified as private residential properties 

 11 identified as private residential properties including fruit / vegetable garden with no poultry indicated 

 1 identified as a private residential property including fruit / vegetable and poultry  

 1 identified as conservation and recreational use  

 1 identified as retail  

 The remainder skipped this question or did not specify 

Water supply and use on those properties comprised: 

 54 used mains water  

 5 used mains water and rain water (four of which specified rain water usage for outdoor purposes only 
and one who specified rain water usage for other indoor purposes, not drinking) 

 The remainder skipped this question or indicated it was not applicable 

There were no initial water use surveys that identified bore water use for potable water use. 

An in-person water use survey (WUS) interview was conducted on 22 August 2019 with the registered bore 
water owner (WRK960196) to understand whether the bore is still in operation. The interview confirmed that 
bore water continues to be used for flood irrigation of grass at the front of the commercial property. 

The response rate from Williams Landing residences was approximately 1.4%, where 37 surveys were 
received from around 2700 residences. 

To summarise the results for the former Base extents: 

 28 identified as private residential properties 

 6 identified as private residential properties including fruit / vegetable garden with no poultry indicated (2 
in the Kingwell neighbourhood, 2 in Elmstead neighbourhood, 1 in Ashcroft neighbourhood and 1 was not 
specified) 

 1 identified as a private residential property including fruit /vegetable and poultry (Kingwell 
neighbourhood) 

 1 identified as retail  

 1 not specified 

The information gathered from this WUS was used in the assessment of potential source-pathway-receptor 
linkages and to inform assessment of risks to human health. 
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4 AFFF use, storage and disposal 
One of the specific task objectives established by the RFQTS was to identify potential PFAS contamination 
sources associated with the use, storage and waste management of legacy AFFF products. The following 
section presents the results and findings of the enquiries made during the DSI to determine these potential 
PFAS contamination sources-pathways-receptors that are detailed in Section 5. 

4.1. Information sources 
Information was sourced from a range of both direct and indirect inquiries including: 

 Interviews with key Base personnel 

 Review and consideration of prior environmental investigation and other reports 

 Review and consideration of prior audit reports for the divested land 

 Review and consideration of the Base’s Contaminated Sites Register (CSR) 

 Field inspections and observations from Site work 

4.1.1. Interviews with key Base personnel 
Interviews with the following former Site Staff were conducted on the 6th of September 2018: 

 Mrs Dee Walker, Administrator since 1984 

 Mr Charles Caldwell, Mechanic, General handiwork (hospital), Clerical duties for all units since 1991 

 Flight Sergeant Rick Nolan, Fleet Manager since 2003 

 Corporal Brenton Watson, Avionic Technician since 2000 

Phone interviews with other former Site Staff were conducted on the 12th September 2018:  

 Mr Gary Helman, Former Fire Training Officer, Williams Laverton 1973 – 2000, Reservist 2000 – 
February, 2018 (Retired).  

 Mr Brian Roberts, Reserve Fireman, Williams Laverton 1975 – 1981, 1996 – 1997.  

Interviews were conducted regarding the following topics, which are included in discussions in Section 4.2 
and 4.3. 

 AFFF storage and use 

 AFFF waste and other waste management 

 Emergency response use 

 Old sewage farm operation 

Further information was compiled from preliminary Site investigations on 17th January 2017 by Golder staff: 

 Christine Linczowski, former Base Support Manger 

 Wing Commander Nigel Leurs 

 Air Commodore Geoffrey Hartland 

 Gary Helman, Former Fire Training Officer (see above) 

 Wing Commander Robert Coopes, fire officer during 70-80s (telephone call on 5th April 2017) 

Follow up information was provided by a former Base Manager on 26th November 2019 and a contractor 
from Broadspectrum regarding storm water system cleaning on 26th November 2019. 
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4.1.2. Base Contaminated Site Register 
Areas of identified contamination (both PFAS and non-PFAS) have been placed on the Defence 
contaminated sites register (CSR) and had previously been identified by a “VT” prefix followed by four digits. 
For the Site, Appendix A - Figure 8 shows the locations of the areas listed on the CSR. The previously 
designated CSR areas are summarised in Table 4-1. These areas are provided for context because there is 
some overlap between the previously identified non-PFAS contamination and possible PFAS sources. 

Table 4-1    Department of Defence Contaminated Site Register 

EFR ID Legacy 
CSR 
Number 

CSR Name CSR Description (Maunsell 2009a) 

CSR_VIC_000162 VT0044 Between Building 123 and 41 - 
Former STP Sewage Effluent 

VT0044 is located to the south-west of Building 41 and to the 
north of the main Kidbrooke Road car park. This CSR area 
was referred to as AEC 8 in SMEC Stage 2 ESA Report. 

CSR_VIC_000163 VT0048 
(VT0219) 

Building 425 - Former Frontline 
Service Station USTs 

No further description – see Table 2-2 

CSR_VIC_000164 VT0222 Building 436 - UST_12 Petroleum No description – see Table 2-2 
CSR_VIC_000165 VT0038 

(VT0046) 
Former Building 88 - Former 
Electrical Workshop 

Also referred to as the PCB Oil Change Room. Building 88 
was identified as an area where the service and 
maintenance of equipment containing PCBs was 
undertaken. SMEC noted the room to be well constructed, 
presenting little opportunity for contamination. This CSR was 
referred to as Area of Environmental Concern (AEC) 1 in 
SMEC Stage 2 ESA Report. 

CSR_VIC_000166 VT0042 Former UST - Tank 31 No description – see Table 2-2 
CSR_VIC_000167 VT0214 

(VT0045) 
Former USTs and Flammables 
Store - East of Building 92 and 
133 UST_01 

Building footprints for buildings 133 and 92 

CSR_VIC_000168 VT0043 Aircraft Maintenance and 
Refuelling 

VT0043 comprises of two (2) discrete locations, namely the 
north – south trending hangar/maintenance and the apron 
complex (located along the central western boundary) as 
well as the aprons in front of CSR area VT0046 – Aircraft 
Maintenance and Other Areas. This CSR was referred to as 
AEC 6 in SMEC Stage 2 ESA Report. 

CSR_VIC_000169 VIC1047 
(VT0046) 

Building 6 - Former Chemical 
Storage 

No description 

CSR_VIC_000170 VT0046 Buildings 81 and155   Former 
Chemical Storage 

VT0046 encompasses the south-west ‘finger’ (referred to in 
this report as the Western Finger Area) of the Site, which 
includes the following locations: 
Building 88 – Incinerator and Flammable Storage Area 
Building 155 –Liquid Fill/Drum storage 
Building 81 – Hazchem Store 
Fill mound to the south of Building 133 and 581 

CSR_VIC_000171 VT0049 
(VT0050) 

Old Central Photographic Site 
near Building 588 - Incinerator 

The Buildings in this area were formerly used for 
photographic production. This CSR was referred to as AEC 
3 in SMEC Stage 2 ESA Report. 

CSR_VIC_000172 VIC1048 
(VT0045, 
VT0046, 
VT0199) 

Building 582, 94 - Electroplating 
Areas TCE 

Former electroplating workshop (Building 7) and Building 2 
(Storeroom) 

CSR_VIC_000173 VT0199 Building 7, 2 - Electroplating Areas 
TCE 

CSR area includes Former electroplating workshop (Building 
7), Building 2 (Storeroom) and Building footprints 582 
(Chemical store) and 94 (Former toilet block). Buildings 2, 
582 and 94 were formerly part of VT0046 in SMEC Stage 2, 
2006. 

CSR_VIC_000174 VIC1039 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

Historical Landfill/ Dumping Sites. VT0040 is generally 
located towards the northern end of the Site. A portion of this 
area has been developed as a nine-hole golf course. This 
CSR was referred to as AEC 2 in SMEC Stage 2 ESA 
Report. 

CSR_VIC_000175 VIC1040 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000176 VIC1041 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000177 VIC1042 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000178 VIC1043 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000179 VIC1044 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 
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EFR ID Legacy 
CSR 
Number 

CSR Name CSR Description (Maunsell 2009a) 

CSR_VIC_000180 VIC1045 
(VT0040) 

Commonwealth Games Restricted 
Area - Buried Waste 

CSR_VIC_000181 VIC1046 
(VT0040) 

Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000182 VT0040 Base Open Space - Buried Waste 
Petroleum 

CSR_VIC_000255 VT0041 Old Fuel Farm VT0041 was located near the old northern boundary entry to 
the Site (between Rowland Road and Laverton Creek) and 
existed between 1966 and 1993. It comprised between two 
(2) and four (4) Above Ground Storage Tanks (ASTs). This 
CSR was referred to as AEC 5 in SMEC Stage 2 ESA 
Report. 

CSR_VIC_000256 VT0224 Building 34 - UST_15 
A0631/LAV15 

No description – see Table 2-2 

CSR_VIC_000257 VT0223 East of Building 64 - UST_14 
A0625/LAV14 

No description – see Table 2-2 

CSR_VIC_000258 VT0045 Between Building 90 and 4 - 
Former UST 

Building 90 – Generator Room, formerly part of VT0046 in 
SMEC Stage 2, 2006. 

CSR_VIC_000259 VT0047 Building 559 - Former UST No description – see Table 2-2 
CSR_VIC_000260 VT0215 East of Building 88 - UST_02 

A0626/LAV03 
No description – see Table 2-2 

CSR_VIC_000261 VT0216 
(VT0225) 

East of Building 1 - UST_03 
A0626/LAV03 

No description – see Table 2-2 

CSR_VIC_000262 VT0217 South of Building 33 - Former 
UST_04 TCE/A0628/LAV04 

No description – see Table 2-2 

CSR_VIC_000263 VT0218 South of Building 606 - UST_05  
and UST_18 

No description – see Table 2-2 

CSR_VIC_000264 VT0220 North of Building 424 - UST_11 
A0622/LAV11 

No description – see Table 2-2 

CSR_VIC_000265 VT0221 East of Building 514 - UST_13 
A0630/LAV13 

No description – see Table 2-2 

CSR_VIC_000334 VT0039 Former Weapons Range and Acid 
Sulphate Stockpile 

Stockpile of Coode Island Silt was sourced from a 
development Site at Lorimer Street, Fishermans Bend. The 
approximate stockpile volume is 2,500 - 3,000 m3 and the 
surveyed area is 8,307 m2. 

 
These CSR areas are shown in Figure 8, Appendix A. It is noted that there are discrepancies between SKM 
(2007) and indicative locations from other investigations. Both areas are shown to indicated potential extents 
of impact. 

4.1.3. Prior environmental audits 
The area now occupied by the suburb of Williams Landing was subject to a series of environmental audits by 
several environmental auditors from when the Base was divested in 1996 until 2014. The overall area was 
assessed by smaller sections in six stages, which covered the former extent of the Base including the former 
runways, former primary fire training area and firepower demonstration area. The former GEMS Compound 
to the south-east of the Site was subject to an environmental audit completed in 1995. This area was a 
workshop for minor Fire Truck repairs and maintenance. 

While fire training was acknowledged as a former site use, AFFF chemicals and PFAS were not tested for as 
a part of the assessment as PFAS was not identified as a group of potential contaminants of concern. 
Consequently, results from these audit reports are of limited use to this investigation. They were still 
reviewed to understand prior remediation activities and soil movement across the area. Also, observations of 
residual contamination such as hydrocarbons made in these reports could be used to infer locations where 
PFAS contamination, which may also be present given that hydrocarbon-based fuels and accelerants were 
used to start fires for training, then extinguished with AFFF.  

In summary, the divested land has been the subject of six previous statutory environmental audits conducted 
under the requirements of the Environment Protection Act 1970 between 1995 and 2014. The specific land 
area to which each environmental audit relates to is shown on Appendix A - Figure 9 and the specifics for 
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each audit are identified in Table 4-2 below. These environmental audit reports did not consider PFAS as a 
group of potential contaminants of concern. 

Table 4-2   Former Environmental Audits 

Audit Name Auditor / Audit Company Instructing Client Date and CARMs number9 

RAAF Williams Laverton 
Air Base GEMS 
Compound 

Nick Withers, Axis 
Environmental  Department of Defence December 1995, 25823-2 

Environmental Audit 
Laverton Airfield Priority 
Areas 1-3 

Nick Withers, Hyder Department of Defence 1997, 31633-1 

Former Stage 1 Audit 
Area Anthony Lane, Lane Piper Galaway Holdings Pty Ltd 2007, 58908-1 

Former Stage 2 Audit 
Area Anthony Lane, Lane Piper Galaway Holdings Pty Ltd 2007, 58908-2 

Former Stage 3-5 Audit 
Area Anthony Lane, Lane Piper Galaway Holdings Pty Ltd 2009, 65092-1 

Former Stage 6A Audit 
Area Darryl Strudwick, AECOM Williams Landing Town Centre 

Pty Ltd 2014, 65092-2 

A review of these Audit reports is provided in Appendix J and the details relating to AFFF use and elements 
relevant to the Conceptual Site Model are summarised in this section.  

Assessment of the prior environmental audits highlighted movement of soils across the Investigation Area 
including: 

 Hyder (1997) identified excavation and reinstatement of soil near the Former Primary Fire Training Area 
in 1997 to remediate for hydrocarbon impacts associated with fire training activities. Soil from the Former 
Primary Fire Training Area, near what is now Elmstead Park, was excavated, stockpiled on a concrete 
hardstand nearby and remediated by turning every two weeks. This excavation was backfilled with these 
remediated soils as well as remediated soils from the Aircraft Maintenance and Refuelling (Wet Testing) 
area and the TACAN station (north east of Williams Landing). The top 1 m was finished with clean topsoil 
previously stockpiled and validated. Soil from near the Wet Testing Area was excavated, stockpiled on 
the concrete hardstand and remediated (by turning). As described above, it was then used to backfill 
(partially) the excavation near the Former Primary Fire Training Area. The validated excavation from Wet 
Testing Area was backfilled with clean topsoil from near the Former Primary Fire Training Area 

 Hyder (1997) also identified that there was burial of metallic wastes in Former Primary Fire Training Area. 
This area was excavated in 1996/1997 and remediated soil was used to backfill to an approximate fill 
depth of 0.9-1.6 m 

 Lane Piper (2007 - Stage 1) identified the area north of the Former Primary Fire Training Area was used 
for soil dumping for 30 years (1951-1981) for material including aircraft, industrial and domestic waste 

 AECOM (2014) identified that fill was located in the central portion of Williams Landing contained 
fragments of brick and concrete, ceramic tiles, timber and plastic pipe. Fill material was reported to have 
been imported across the Audit Area (shallow fill with an average thickness of approximately 0.3 m was 
encountered in the central areas of the Audit Area) 

With regard to the groundwater in Williams Landing, the Statement of Environmental Audit for Stages 4 and 
6A nominated groundwater as polluted by contaminants other than PFAS and not to be used. This 
Groundwater Quality Restricted Use Zone (GQRUZ)10 applied to part of Williams Landing as shown in Figure 
4-1 

 

 
9 EPA reference number 
10 EPA Victoria (2020) Groundwater zone with restricted uses (Williams Landing), viewed 25 March 2020, 
<https://apps.epa.vic.gov.au/EnvAuditFiles/GQRUZMaps/EXT/GQRUZ_map_0007000862.pdf> 
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Figure 4-1    Groundwater zone with restricted uses (Williams Landing) 

 

Following identification of PFAS as a potential contaminant of concern, the previous environmental auditor 
responsible for issue of Statement and Certificates of Environmental Audit for Stages 1-5 (Table 4-2) 
reviewed the prior Statement and Certificates of Environmental Audit in regards to PFAS. The findings of 
these additional investigations and assessment of risk to human health and the environment were supported 
by a Human Health Risk Assessment for PFAS (SLR, 2018a) and environmental assessment of soil and 
water (EP Risk, 2018). The review for PFAS by the previous environmental auditor found that there was no 
need for any amendments to the statements or certificates (SLR, 2018b).   

The EP Risk investigation collected 97 soil samples from 91 borehole locations, five surface water locations 
and one groundwater sample. PFAS was detected in 95 of the 97 soil samples throughout Williams Landing 
with maximum concentrations identified (up to 0.985 mg/kg PFOS+PFHxS) surrounding the Wet Testing 
Area. Surface water samples reported detectable concentrations across all locations. SW2 and SW5 
(Addison Wetlands and Bio Retention System) reported the highest concentrations. The single groundwater 
sample reported detectable levels of PFAS (0.084 μg/L PFOS+PFHxS).  

Sampling was concentrated within land owned by the land developer and predominantly located in 
current/future residential or commercial areas outside of known source areas. In summary: 

 Thirty-eight (38) soil samples exceeded the residential (with garden/accessible soil) human health 
guidance value set out in the PFAS National Environmental Management Plan (PFAS NEMP) 

 No soil samples were found to exceed the PFAS NEMP human health guideline value residential with 
minimal opportunities for soil access 
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 One soil sample was observed to be equivalent to the PFAS NEMP human health guideline value for 
public open spaces 

 Two of five surface water samples exceeded primary contact recreational guidance value at the time 
(0.7 μg/L PFOS+PFHxS) and four exceeded the 95% aquatic ecosystem protection guidance value. The 
groundwater sample exceeded 99% aquatic ecosystem protection guidance value but not the 95% value. 

The SLR Consulting HHRA (2018a), a site-specific screening assessment, derived site-specific investigation 
levels (SSILs) for residential, open space and maintenance use of the site (for PFOS +PFHxS). The derived 
SSILs are higher than the Tier 1 investigation levels established by the PFAS NEMP.  

The SLR (2018a) risk assessment identified one exceedance of soil SSILs for traditional residential lots 
adjacent to the artificial wetlands under construction near the former off-Site extents of the wet testing area. 

The SLR Consulting HHRA (2018a) and SLR Consulting (2018b) conclude that exposure to PFAS is: 

 Low for residents in courtyard/townhouse allotments and in apartments 

 Low for people in areas of public open space based on concentrations reported 

 Low for people engaged in activities reasonably expected to occur in the local wetlands. 

A potentially elevated risk was however identified for residents in traditional allotments based on the 
observation of elevated PFAS encountered in the surface/near surface sample recovered adjacent to the 
artificial wetlands under construction near the former off-Site extents of the Wet Testing Area.  

Based upon new information received in the conduct of this investigation, the SSILs established by SLR 
Consulting (2018a) were reviewed. New information included the consumption of home-grown chicken eggs 
occurring in at least one traditional size residential allotment within Williams Landing (Kingwell 
neighbourhood) as identified through the conduct of the Water Use Surveys for this DSI, and revised plant 
uptake factors updated in Version 2 of the PFAS NEMP (HEPA 2020).  

Based on this new information, updated SSILs, which includes PFAS exposure from home-grown chicken 
eggs and home-grown vegetables and fruit, were required to be developed for screening as part of a human 
health risk assessment. This risk assessment will be provided under separate cover to this DSI. 

4.1.4. Prior environmental reports 
Environmental investigations into the use and extent of PFAS contamination on-Site have been conducted 
since 2016, while prior to this, investigations only noted fire training and AFFF usage on-Site but did not 
assess PFAS specifically, as it was not a contaminant of primary concern in prior investigations. 

A review of prior Site assessments on PFAS contamination containing PFAS data is reported in the following 
sections. Prior reports between 1993 and 2016 have been extensively summarised in prior PSI reports 
(Aurecon (2015) and Golder (2017)). The following reports that have been reviewed are related to PFAS only 
(unless specifically referred to); 

 Groundwater Monitoring Report, Southern Victoria & Tasmania, AGON Environmental, 2016 

 Preliminary Site Investigation for PFAS RAAF Site Williams Laverton VIC (0927), Golder, 2017 

 Advice to the Environmental Auditor Williams Landing, Vic, Human Health Risk Assessment for PFAS, 
SLR Consulting, 2018 

Information for the compilation of Site history was also sourced from: 

 RAAF Base Williams; Stage 1 Environmental Assessment, SMEC, April 2005 

 RAAF Base Williams (Laverton), Victoria: Stage 3 Information Assessment Report, Maunsell AECOM, 12 
December 2008 

 Stage 1 Environmental Investigation – RAAF Base Laverton, Aurecon / Prensa, 26 June 2015. 

The results and findings from these reports are summarised in Section 4.2, which has been organised in 
terms of key source areas and other potential AFFF sources. 

A data quality assessment and summary of these reports is provided in Appendix H. 
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4.2. Historical AFFF use and storage areas 
The following terms are used with regard to AFFF use: 

 ‘Hot fire training’ refers to the practice of simulating real fires by burning of fuel in pits and disused aircraft 
and spraying these fires with AFFF for training in use of fire-fighting equipment 

 ‘Wet testing’ refers to the application of AFFF onto hardstand areas or the ground in order to test the 
AFFF hoses and discharge system 

 ‘Hot wheels incidents’ refers to the precautionary practice of hosing down the wheels or recently parked 
aircraft with AFFF to prevent fires 

The body of knowledge to date in relation to historical AFFF use and PFAS contamination identifies that: 

 There are several areas on-Site where AFFFs containing PFAS (specifically ‘3M Light Water’) were 
historically used 

 AFFF was used on-Site during fire training, wet testing of equipment or in response to aircraft incidents. 
AFFF was stored in 200 L drums in warehouses located in the Western Finger Area of the Site and 
adjacent to the former Fire Station near the wet testing area (Building 36) 

 It is understood that AFFF concentrate was mixed with water directly into firefighting trucks, and there are 
no known or recorded incidents of AFFF spills (Golder, 2017).  

 Known areas of AFFF use within the current base boundary are:  

 Wet Testing Area (Aircraft Maintenance and refuelling area)   

 Air Movements Area (Aircraft Maintenance and Petroleum area) 

 Former Secondary Fire Training Area  

 Known areas of AFFF use within the former base boundary are:  

 Former Primary Fire Training Area 

 Suspected areas of PFAS use and / or storage within current Site boundary are:  

 Electroplating facility 

 Chemical storage area 

 Suspected areas of AFFF use within the former Site boundary are:  

 Former runways  

 Former fire power demonstration area 

 Former GEMS Compound 

 Areas within current base boundary that are suspected as receiving PFAS from run off or disposal, but 
not well understood are:  

 Former landfill sites (also within former base boundary) 

 Site storm water network 

 Areas within former base boundary that are suspected as receiving PFAS from run off or disposal, but not 
well understood are:  

 Constructed wetlands, Williams Landing 

 Natural wetland, south west of William Landing (Laverton RAAF Swamp) 

Records of AFFF storage on-Site, including receipts, storage and container disposal were unavailable from 
Base Administration or 21 Squadron.  
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Anecdotal information from ex-staff interviews indicated that AFFF was stored in large drums (assumed to be 
44 gallon / 200 L drums) in Fire Station sheds, and old drums were disposed of via the Base social club (to 
raise money) for re-use as stock watering troughs.  

Exact quantities and other information such as order receipts could not be provided by the Base 
Administration Staff.  

4.2.1 Potential on-Site source areas 

Wet Testing Area 
The Wet Testing Area is located on the western boundary and is associated with the Aircraft Maintenance 
and Refuelling CSR area. The Wet Testing Area was subject to weekly AFFF usage of fire equipment. Wet 
testing of equipment involved the discharge of AFFF onto the concrete apron and unsealed ground to the 
west of the testing area and hangars. The area to the west of this hardstand has since been divested and 
developed into residential allotments. Anecdotal evidence (Golder, 2017) indicated that residual foam was 
washed into the area’s storm water drains that discharged into the Ornamental Lake to the North connected 
to Doherty’s Drain. CMPS&F (1997) identified hydrocarbon and metals contamination consistent with fire 
training activities. This area of identified hydrocarbon and metals impact was remediated by excavating a pit 
and placing and turning the stockpiled material on a hardstand area near the Former Primary Fire Training 
Area. The volume of soil excavated is not stated in the report. The validated topsoil from remediation at the 
Primary Fire Training Area was used to backfill the excavation. 

Prior groundwater sampling and analysis by Golder and Agon identified significantly elevated PFOS 
(maximum of 1,500 µg/L) and the presence of hydrocarbon contamination in groundwater at the Wet Testing 
Area. 

The Golder PSI reported that the Wet Testing Area was used for refuelling and aircraft maintenance and that 
there is anecdotal evidence of potential dumping of workshop chemicals and fuel. AFFF containers, along 
with firefighting vehicles and equipment, were reportedly stored in the former Fire Station, adjacent to 
building 36 (Hobby Hanger) on the north side. The maximum measured PFAS concentrations from previous 
investigations in this area are summarised in Table 4-3. 

Table 4-3    Maximum measured PFAS concentrations within various media recovered from within and 
surrounding the Wet Testing Area 

Area PFOS PFOA 6:2 FTS PFHxS 

Soil 684 µg/kg 18 µg/kg <0.5 µg/kg 301 µg/kg 

Groundwater 1500 µg/L 40 µg/L <0.05 µg/L 640 µg/L 

Our review of the previously collected data indicates that the soil and groundwater conditions at the Wet 
Testing Area are sufficiently characterised to confirm that it is a primary source of PFAS. However, the lateral 
and vertical extent of PFAS-impact had not been sufficiently delineated. The PFAS flow paths to the south-
east also required further investigation. 

Air Movements 
The Air Movements area on the northern side of the western finger area of the Site was subject to weekly 
‘hot wheels’ incidents where fire trucks would hose down aircraft and their wheels / tyres shortly after landing 
to prevent fires occurring. Golder (2017) state that AFFF was used in response to these incidents. However, 
phone interviews conducted as a part of this investigation with Site personnel (Gary Helman) indicated that 
dry powder would have been used instead of liquid AFFF mixtures for safety reasons. There is also evidence 
that annual fire training occurred in this area. Furthermore, the south-western hangar complex near the Air 
Movements area was used as the warehouse receipt for AFFF containers. The Fire Trucks were also 
reported to have been serviced in Building 123 (pers. Comms. Corporal Brenton J Watson). 

PFAS impact in this area was confirmed by groundwater sampling and analysis. Golder (2017) and Agon 
(2016) identified significantly elevated PFAS and the presence of hydrocarbons, benzene and significant 
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TCE in groundwater. Prior pilot remediation trials have occurred within this area due to the presence of 
benzene and TCE impacts (Maunsell AECOM 2009). These trials involved LNAPL Baildown testing at 
Building 155, Soil Vapour Extraction (SVE) at Building 155, Multi-Phase Extraction (MPE) at Building 155 
and In-Situ Chemical Oxidation (ISCO) at Building 582. It is considered unlikely that based on the scale and 
type of trials that this would have dispersed significant quantities of PFAS. 

Table 4-4    Maximum measured PFAS concentrations within various media recovered from within and 
surrounding the Air Movements Area 

Area PFOS PFOA 6:2 FTS PFHxS 

Soil 32 µg/kg 0.4 µg/kg <0.5 µg/kg 7.6 µg/kg 

Groundwater 19 µg/L 0.41 µg/L 0.12 µg/L 8.4 µg/L 

As with the Wet Testing Area, our review of the previously collected data indicates that the soil and 
groundwater conditions at the Air Movements Area are sufficiently characterised to confirm that it is a 
primary source of PFAS. However, the lateral and vertical extent of PFAS-impact had not been sufficiently 
delineated. The PFAS flow paths to the south-east also required further investigation. 

Former Secondary Fire Training Area 
The Former Secondary Fire Training Area on the hillside north of Doherty’s Drain Ornamental Lake is not 
identified as a known contaminated area on the Defence CSR. However, it is co-located with a known landfill 
(VIC1046). 

This area was used for monthly fire training exercises from approximately 1974 to 1975, and possibly longer 
(Golder 2017). Prior reports indicated that no hot drills (i.e. practice on mock fires) were conducted, and foam 
was discharged directly onto the grassed hillside. However, evidence from the current investigation indicated 
that the rubbish in the landfill in the area was set alight and then extinguished with AFFF (pers. comms. Gary 
Helman). Landfilling is known to have occurred in this area up until 1989. There are reports that suggest the 
foams used were AFFF and wet testing of fire equipment was also historically undertaken at this location 
(Golder 2017). 

This area has undergone limited groundwater investigation to identify potential PFAS contamination (Golder 
2017). This investigation involved the installation of one groundwater monitoring wells in the indicative 
Secondary Fire Training Area (GWGA01), and sampling of a further two wells hydraulically downgradient 
(GWB/1, GWD/1). Agon (2016) did not cover this area during groundwater monitoring. 

Doherty’s Drain passes south of the Secondary Fire Training Area. PFOS concentrations up to 0.19 µg/L 
have been reported for surface water samples collected from a ponded area along Doherty’s Drain near the 
Secondary Fire Training Area (Golder 2017). Doherty’s Drain is an ephemeral creek, and groundwater 
elevation is significantly below Doherty’s Drain. Given this, it is considered that Doherty’s Drain is not a 
groundwater gaining system, and groundwater impact is not migrating to Doherty’s Drain. However, the drain 
would be a pathway by which PFAS-impacted surface water recharges the water table aquifer beneath the 
drain. 

Key findings from the previous investigations (Golder 2017) identify PFAS in the groundwater near the 
Secondary Fire Training Area as shown in Table 4-5. 

Table 4-5    Maximum measured PFAS concentrations within various media recovered from within and 
surrounding the Secondary Fire Training Area 

Area PFOS PFOA 6:2 FTS PFHxS 

Soil 4 µg/kg < 0.02 µg/kg <0.5 µg/kg 0.3 µg/kg 

Groundwater 0.07 µg/L 0.02 µg/L <0.05 µg/L 0.32 µg/L 

Surface Water 0.19 µg/L 0.02 µg/L <0.05 µg/L 0.04 µg/L 

Aurecon’s review of the previously collected data indicated that the groundwater conditions at and around 
the Secondary Fire Training Area required further investigation to characterise it as a primary source of 
PFAS. 
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Electroplating Workshop  
The former electroplating workshop in Building 7 in the southwestern finger area of Site has been subject to 
several environmental investigations since unacceptable levels of chlorinated solvent (trichloroethene) in 
groundwater beneath the building were identified. The presence of contamination is a result of spills and 
leaks from the manufacturing process. Sumps are observable to the north of this building. PFAS containing 
chemicals are known to be used during electroplating, so it is plausible that PFAS contamination is present 
as well. However, this has not been specifically addressed as a part of prior investigations. The maximum 
measured concentrations from the previous investigations are shown in Table 4-6. 

Table 4-6    Maximum measured PFAS concentrations within various media recovered from within and 
surrounding the Electroplating Workshop. 

Area PFOS PFOA 6:2 FTS PFHxS 

Groundwater 18 µg/L 0.41 µg/L <0.05 µg/L 5.8 µg/L 

This potential source area is adjacent to the Air Movements area and the impacts in this area are potentially 
related to fire training activities rather than electroplating activities. Given the uncertainty around spill control 
systems and protocols within the workshop, it is unclear if PFAS contamination measured in adjacent wells is 
because of workshop activity or the wider Air Movements area. The characterisation of this area was 
completed in conjunction with testing in the Air Movements area. 

Other areas of potential use and storage 
There are several other areas where foam-based fire extinguishers were potentially located. Former fuel 
farms, USTs / ASTs and workshops used for a variety of non-fire-fighting purposes (i.e. vehicle maintenance) 
across the Site. None of the UST systems reportedly included fire suppression systems, and so it is 
considered unlikely that there would be any PFAS contamination associated with the UST locations. There is 
no evidence of any fixed foam deluge systems installed in any other buildings on-Site.  

There are several known chemical storage areas, summarised as follows: 

 Building 6: Former Chemical Storage 

 Building 1: Warehouse for receipt of AFFF (from interviews but no records available) 

 Building 81: Hazchem Storage 

 Building 155: Liquid Fill and Drum Storage 

 Building 88: Incinerator and Flammable Storage Area 

 Building 582: Chemical Store (associated with former electroplating facility) 

The Former GEMS Compound (now off-Site) is to the immediate south east of the Site. It was used for a 
range of vehicle and equipment maintenance, repair, painting and fuel and chemical storage activities over a 
period of about 40 years (Axis Environmental 1995).  

The Disused Central Photographic Establishment (Old Photographic Area) in the eastern section of the Site, 
which included Buildings 23, 369, 513, 549, 588, 592, 598 and 601, was historically used to develop 
photographs. This involved the use of developing and fixing solutions. A triple interceptor trap (TIT), UST, an 
AST and associated waste pipe systems were reported in the vicinity of Buildings 549 and 601 (SMEC 
2006). A visual assessment by SMEC 2006 indicated that waste chemicals from Building 549 were flowed 
into a collection unit on the western side of the building. Whilst the chemical storage location for Building 601 
was unknown, it was considered possible that it was the TIT between Buildings 549 and 601. The former 
UST used to be situated to the east of the photographic area. SMEC (2006) considered that it was likely that 
some localised soil contamination surrounding the chemical storage facilities as a result of spillage, 
overfilling or leakage.  
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4.2.2 Potential off-Site source areas 

Former Primary Fire Training Area 
The former primary fire training area was located in the western most portion of the former extents of the 
Base, adjacent to what is now Forsyth Road, and is today occupied by residential houses and Elmstead 
Park. The area was used for fire training on a weekly basis up until 1996 when that area was closed. Drills 
involved hot burning of fuel in pits and on derelict aircraft on unsealed / gravel areas, which were 
extinguished with AFFF. The area was subject to an Environmental Audit prior to development (Stage 5, 
Land Piper 2009), however the associated investigation did not assess PFAS contamination (see Appendix 
A – Figure 9 for Audit report areas).  

Remediation of the hydrocarbon contamination was undertaken in this area in 1997, which involved turning 
of stockpiled material on a concrete apron above what is now a Bioretention Pond.  CMPS&F (1997) report 
that an estimated 5000 m3 of soil was excavated and remediated. Once validated to be below accepted 
hydrocarbon criteria, this material was used to partially backfill the excavation and used to back-fill the 
excavation near the Wet Testing Area. The reinstatement of the Primary Fire Training area pit (which is now 
near Elmstead Park – see Figure 4-2) was also completed using remediated soils from the Wet Testing Area 
and TACAN Station (north east Williams Landing). The excavation was backfilled with remediated soils to 
approximately 1 m below natural surface. Reinstatement continued with clean topsoil previously stockpiled 
and validated. There is the potential for further soil movement during residential and open space 
development. More recent bore logs show the fill depth in this area to range from 0.3 to 1.5 m, based on SLR 
Consulting (2018) and the current investigation. 

Figure 4-2    Site locations plan (CMPS&F 1997 – Final summary report on investigations at RAAF Williams 
Laverton Airfield) 

 

Five shallow soil samples were previously collected in the area with a maximum concentration of 65.5 µg/kg 
(SLR Consulting 2018). The groundwater conditions were not assessed as part of the previous investigation 
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in this area. There have also been significant landscaping activities and use of fill material in the 
development of residential and parklands in this area. 

Based on this review of existing sampling data and site history information at the Former Primary Fire 
Training Area, it was recommended that further investigation be conducted as part of the Defence 
investigation, including sampling of groundwater, soils and nearby surface water. 

Former Fire Power Demonstration Area 
The former fire power demonstration area was formerly located adjacent to the main fire training area in the 
western portion of the Site. It was used for live ordnance drills and target practise training by the RAAF. It is 
unknown what the exact type of drills were, and whether they involved the use of derelict vehicles or 
structures as targets, and if AFFF was used to control any resulting fires.  

The Stage 2 Audit report states the Firepower Demonstration Area was used for "Demonstrations and 
training with fire-bombing using PE4 explosives and Napalm". The timing of these activities is not indicated in 
the report. No testing has been conducted in this potential source area to establish if there is PFAS 
contamination.  

Based on this review of site history information at the Former Firepower Demonstration Area, it was 
recommended that further investigation be conducted as part of the Defence investigation, including 
sampling of groundwater, soils and nearby surface water. 

Former Runways 
The former runways were closed and decommissioned after 1996 when the Site was sub-divided and the 
western half containing the airfield sold off. This area was subject to a staged series of environmental Audit 
reports to assess their suitability for residential redevelopment up until 2009. These reports did not assess 
PFAS as a part of their scope. 

PFAS contamination at the former runways may be present as fire-fighting crews attended to aircraft ‘hot 
wheels’ incidents on a weekly basis (at different locations). During these incidents, immediately after landing, 
aircraft would park on runway or taxiways and fire trucks would drive out and hose down the aircraft with 
AFFF to prevent fires. Less frequently, fire crew may have responded to an incoming aircraft incident by 
discharging AFFF to a wider area of the runway (Golder 2017). Shallow soil samples (18) were collected 
alongside the existing runways (SLR Consulting 2018). As the existing runways were converted to roads, it is 
expected that earthworks disturbed the decommissioned runways. A maximum concentration of 63.6 µg/kg 
was reported at the end of former runway adjacent to the Site near the Wet Testing Area. One downgradient 
groundwater monitoring well reported PFOS concentrations of 0.083 µg/L. 

Based on this review of existing sampling data and site history information at the Former Runways, it was 
recommended that further investigation be conducted as part of the Defence investigation, including 
sampling of nearby groundwater and soil.  

4.2.3 Former GEMS Compound 
The main Former GEMS Compound workshop building (historical reference Building No.180) was 
constructed between 1951 and 1956 based on Site aerial images, which was followed by the construction of 
the Paint Shop (historical reference Building Number 190A) between 1960 and 1966 (Axis Environmental 
1997). 

The Former GEMS Compound included the following areas: 

 Main Workshop, including machine shop, general workshop and maintenance, vehicle body repair and 
small-scale spray painting 

 Workshop Annex (north western corner), including a vehicle washbay, waste oil tanks for cutting oils and 
vehicle maintenance oil, washbay for vehicle and equipment cleaning, washwater to interceptor trap and 
sewer 
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 Paint Shop, including paint stripping, surface preparation, metal cleaning, spray painting, and washwater 
collected in pit then off-Site by contractor 

 Flammable Goods Store (north east corner) for storage of a range of flammable goods including paints, 
solvents and compressed gases 

 Underground Fuel Storage Tanks (western boundary), including two USTs and bowsers (petrol / diesel) 
and one decommissioned UST (diesel) adjacent to paint store 

 Toilet block, wood store, general area, potential fill and asphalt paving 

The flammable nature of materials in the workshops, paint shop, flammable stores and USTs mean that fire 
extinguishers are likely to have been present in the compound and it is possible that these systems were 
tested. Site interviews indicated the potential for handheld extinguisher use to put out paint fires, although 
this was thought to be with bromochlorodifluoromethane based fire extinguishers (pers. comms. Corporal 
Brenton Watson). The workshop within the Former GEMS Compound, when it was part of the Base, was 
used for minor repairs and servicing of fire trucks and was also a location for some ad-hoc fire training 
activities (pers. comms. Former Base Manager). 

Based on this review of the site history information at the Former GEMS Compound, it was recommended 
that further investigation be conducted as part of the Defence investigation, including sampling of nearby 
groundwater and soil. 

4.2.4 Emergency response use 
Preliminary staff interviews indicated AFFF was not used in emergency responses on-Site. Further phone 
interviews with long serving firefighting staff supported this.  

It was indicated in the Stage 6A audit report that three aircraft crashes occurred at the former RAAF Laverton 
Air Base during operation. The exact location of these crashes could not be identified. Interviews with Gary 
Helman indicated that these crashes occurred before the introduction of AFFF. Consequently, it is unlikely 
that AFFF use may have occurred in response to these events. Further, targeted investigation of these areas 
was not performed. 

Further risk assessment associated of off-site areas was conducted by Aurecon's expert support under 
separate cover. This was used for the further assessment of risk by Aurecon with review by the Site Auditor. 

4.3. Waste management 

4.3.1. General waste management 
Woodward-Clyde (2000) reported that there has been no recent waste burial on-Site, as far as current Site 
management are aware, however, known historic waste burial has occurred up until 1989 (see discussion of 
landfills below). Two former on-Site incinerators were once used to burn solid waste, which have now been 
demolished. It was reported that it was unclear when these incinerators ceased operation and were 
removed. Solid inert wastes generated at the Site are collected in skips, removed on a regular basis and 
disposed off-Site by waste contractors. It was also reported that prescribed liquid waste (such as 
electroplating waste) was historically discharged directly to sewer. By 2000, most liquid wastes were 
collected in waste pits or tanks and collected for off-Site disposal by the contractor, CleanAway. 

4.3.2. AFFF waste management 
AFFF was actively used during firefighting training and equipment testing. Training occurred on sealed and 
unsealed ground with AFFF waste water either soaking to ground or entering storm-water drains. Residual 
AFFF is not known by those personnel interviewed to have been dumped to any areas on-Site. 

If AFFF did require disposal it would have been removed from property by waste contractors engaged by 
Defence under a Site-wide contract (pers.comm. Robert Coopes). There is no reported evidence that 
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identifies historic disposal of AFFF impacted waste on-Site and off-Site local landfills. This AFFF impacted 
waste would include:  

 Waste packaging materials and potentially secondary impacted materials,  

 AFFF liquid, liquid containers, or  

 Waste sprayed with AFFF (i.e. burnt materials) 

Landfills 

At least twenty former landfill areas existed on-Site, located across the northern portion of the Site which is 
now occupied by the golf course, south of Old Geelong Road (Figures 8 and 10, Appendix A). Review of 
previous reports indicates that only six of these former landfills were used in the 1970s and 1980s after the 
introduction of AFFF (up until 1989). It has not been observed during site inspections that any of the landfills 
were constructed with lining (SMEC, 2006), or are capped (based on field observations). These site 
inspections identified that one landfill south of Doherty’s Drain contained bricks and golf balls, but the other 
landfills were fill material without any indications of other waste material, in particular no plastic indicative of 
AFFF containers. However, at least one of the landfills was used for fire training drills. Whilst it is still 
possible that AFFF containers and/ or AFFF liquid could have been disposed of in any of these areas, it is 
considered unlikely, based on anecdotal evidence from Site interviews (pers. comms. Gary Helman). AFFF 
bulk containers were reportedly resold once empty as recycled stock watering / feed bins to raise funds for 
the Base social club.  

The contaminated Sites register notes that one of the landfills is a large stockpile of acid sulphate soil, which 
is located across the north eastern section of the Site (VT0039). The reported notes indicate that the 
stockpile of Coode Island Silt was sourced from a development Site at Lorimer Street, Fishermans Bend. 
The approximate stockpile volume is 2,500 - 3,000 m3 and the surveyed area is 8,307 m2. 

The Commonwealth Games Restricted Area / Buried Waste (VT0040) was reported to be a pre-1945 landfill 
located between the two sports ovals (SMEC 2006). This is not considered to be a potential source area as 
landfilling occurred prior to AFFF use. 

The location of the landfills, including indicative filling dates, are shown on Figure 4-3 from the CMPS&F 
Environmental (Site Contamination Assessment (March 1994). 

Figure 4-3    Indicative area of the old landfills showing landfill locations with the reported year of filling 

 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   47  

 
The different landfills are also identified in Appendix A – Figure 8. 

4.3.3. Other potential AFFF waste receipt areas 
Old sewage farm 

Prior reports on the area referred to in the CSR as the Old Sewage Farm suggest that it was 
decommissioned in approximately 1985. However, interviews with former Site staff indicated that the Old 
Sewage Farm was decommissioned earlier than this prior to the 1970s (shortly before PFAS containing 
AFFFs were introduced).  

The area (VT0044) comprises an open grassed patch with some residual concrete drains. It contains two 
previously installed groundwater monitoring wells (GW90/4 and GWSTP/1). GWSTP/1 could not be located 
during Site inspection, and a broken off groundwater monument and PVC casing were found discarded 
against an adjacent building. Given this it is assumed the monitoring well was destroyed or decommissioned.  

Historical aerial photos indicate that the farm consisted of two linear treatment tanks running north-south. 
The CMPS&F (03-94) report indicated that residual sludge from wastewater treatment may have been 
present in the area. Enquiries were made to Melbourne Water and City West Water regarding this sewage 
farm. Whilst an indicative map of the catchment for Altona Treatment Plant shows a connection to this 
Western Finger Area, service drawings indicating connections with Melbourne Water or City West Water 
sewage infrastructure were not able to be obtained. 

4.4 Non-AFFF PFAS sources 
Off-Site residential sources 

Doherty’s Drain and Laverton Creek convey surface water from off-Site onto the Site at the northern 
boundaries. This introduces possible off-Site residential sources of PFAS entering the Site via these surface 
water bodies. 

Off-Site commercial and industrial sources  

Doherty’s Drain, Laverton Creek and Skeleton Creek received surface water run-off and storm water inflows 
from the surrounding suburbs upstream that are in proximity a number of commercial businesses. One 
known example is a pigment manufacturing plant in Laverton, which operated under the name Pigment 
Manufacturers of Australia (PMA) from 1961 to 1990, produced red, yellow, green and blue pigments and 
dyes for colouring paints and printing inks. In dyes and inks, PFAS can be used as pigment grinding aids and 
combat pigment flotation problems (UNEP 2011). The acidic waste from this plant were injected into the 
basalt aquifer system using two disposal bores, where it was thought that this contamination probably 
discharged into Skeleton Water Hole Creek, now called Skeleton Creek (Riha and Kenley, 1978). The then 
known contamination included sulphate, dissolved solids, heavy metals and phenolic substances. 

Further detail regarding off-Site commercial and industrial sources potentially discharging to Skeleton Creek 
is to be included in the ERA. 

On-Site residential sources 

There is the potential for non-AFFF PFAS impact associated with on-Site residential sources. Examples of 
these potential non-AFFF sources include PFAS in car wax, stain-resistant coatings for carpets and textiles, 
car cleaning products and personal care products (USEPA, 2018). It is considered that these sources are 
likely to be minor sources relative to the use of AFFF. These sources were not investigated further but 
contribution from these sources was considered during assessment of impacted areas.
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5 Preliminary Conceptual Site Model (CSM) 
The findings from Site investigations, interviews and previous Site investigations by others were used to 
develop a preliminary CSM. The preliminary CSM represents on- and off-Site sources of PFAS 
contamination, on- and off-Site receptors that could be affected through exposure to these chemicals, and 
pathways by which receptors could be exposed to the Site-derived PFAS. Further works as a part of the DSI 
were used as a part of this process to update the preliminary CSM to demonstrate the refined understanding 
of the Site, based on updated findings of the DSI (refer to Section 11.10). The conduct of these works has 
been in accordance with Defence Guidance Document A (Defence, 2016). 

The southern half of the Site is predominantly covered by pavement, buildings and highly modified 
vegetation. The child care centre on Sir Richard Williams Avenue is the main sensitive use area, and the 
buildings along this avenue are no longer used for residential purposes. The northern half of the property, 
while less developed with buildings and paving, has also undergone significant disturbance, particularly 
during construction of the golf course (still active) and periodic alterations to the watercourses throughout the 
property’s history. Laverton Creek and the three constructed dams along Doherty’s Drain appear to support a 
limited ecosystem of flora and fauna.  

A summary of this preliminary CSM for the Site is presented in Table 5-1. 
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Table 5-1    Preliminary Conceptual Site Model Source-Pathways-Receptors Summary 

Source Migration Pathways  Potential Receptors and Exposure Pathways Source-Pathway-Receptor (SPR) Linkages Comments 

Current extents of Base 

Industrial / Commercial area to centre and south of Site 

Known Sources 

1) Wet Testing Area, including 
Fire Station and North-South 
Hangars Complex (Buildings 
33-26). Regular weekly “wet 
testing” of fire equipment 
direct on concrete apron and 
discharge to storm water 
systems. Maintenance 
activities in hangars: oils, fuel, 
hydraulic fluids, paints, 
strippers and solvent spills 

2) Air Movements including 
associated Aircraft Hangars 
(Building 6, 82, 87, 88, 123, 
126 and 161 – Western Finger 
Area). Activities included 
attending to weekly aircraft 
‘hot wheels’ incidents. Fire 
trucks would hose down the 
wheels with AFFF to prevent 
fires. Other aircraft 
maintenance activities 
occurred and reported spills of 
fuels, oils, lubricants, solvents 
(TCE) and paint stripping 
activities. 

Potential Sources 

3) Electroplating Workshop 
(Building 7 - Western Finger 
Area) – PFAS chemicals used 
in the electroplating process. 
pre-war to 1993. While this 
investigation is focussed on 
the assessment of impact due 
to PFAS associated with use 
of AFFF, PFAS originating 
from other source-types has 

Settling of AFFF spray 
/ rinse water on solid 
surfaces – surface 
soils, open grassy 
areas, and concrete / 
paved areas. 

Discharge of PFAS-
containing AFFF and 
rinse water to storm 
water system – into 
soil and surface water. 

Impacts leaching from 
impacted soils and 
surface water and 
subsequently to 
groundwater. 

Spills leaks from 
product manufacturing 
and handling migrating 
to soil and 
groundwater  

Captured AFFF foam 
run off acts as a 
pathway around the 
Site 

On-Site ecological (terrestrial flora and fauna) SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

Yes 

–  direct contact with impacted surface water Yes. Some open drain areas, however most surface water is protected by 
grates covering the engineering drainage system 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order mammals and birds) 

Yes 

On-Site humans (adult Site users and workers, inclusive of 
intrusive maintenance workers, and children at the child care 
centre) 

SPR linkage complete? 

–  incidental ingestion and dermal contact with impacted shallow soils 
(<2 m bgl) 

Yes. Especially during intrusive maintenance works. 

–  incidental inhalation of soil-derived airborne dust particulates Yes 

–  incidental ingestion and dermal contact with impacted surface water 
during Site works or general Site walkovers 

Yes 

–  incidental ingestion and dermal contact with PFAS-impacted 
groundwater (irrigation or drinking water sources) 

No. Not complete based on the existence of reticulated water systems and 
generally brackish nature of the groundwater 

–  via consumption of privately grown vegetables and chicken eggs 
grown in impacted soils (child care centre) 

Yes. The potential for PFAS exposure from identified privately grown 
chicken eggs and leafy vegetables at the child care centre 

Off-Site ecological (terrestrial flora and fauna) receptors SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

Yes. In the immediate vicinity of the Site. 

–  direct contact with impacted surface water Yes. At connected natural water bodies (Laverton and Skeleton Creeks). 

–  ingestion of PFAS through the food chain (bioaccumulation effects to 
higher order mammals and birds) 

Yes. Consumption of PFAS-impacted lower order biota by higher order 
mammals and birds. 
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Source Migration Pathways  Potential Receptors and Exposure Pathways Source-Pathway-Receptor (SPR) Linkages Comments 

been assessed to enable the 
impacts from AFFF sources to 
be distinguished from other 
source types. 

4) Chemical Storage Areas 
(Buildings 1, 2, 6, 81, 88,155 
and 582 – Western Finger 
Area) - painting, mechanical, 
work, lubricating and chemical 
spills. No reported spills of 
AFFF from chemical storages 

5) Storm water Drainage 
System – secondary impacts 

 

Off-Site ecological (aquatic flora and fauna) receptors SPR linkages complete? 

–  direct contact with surface water Yes. Within the surface waters of Skeleton Creek. 

–  direct contact with sediment Yes. Sediment and bottom dwelling organisms and flora. 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order aquatic organisms) 

Yes. Secondary effects to higher order aquatic organisms in Skeleton 
Creek. 

Off-Site humans (adult and child) SPR linkages complete? 

–  incidental ingestion and dermal contact with impacted surface water 
during recreational activities (e.g. fishing or swimming) 

Yes. Initial Water Use Survey indicates that limited recreational activities 
(e.g. fishing and swimming) occurs at Skeleton Creek.  

–  inhalation of soil-derived airborne dust particulates Yes. See above. 

–  via incidental ingestion and dermal contact with impacted groundwater 
(e.g. irrigation or drinking water source) 

Unlikely complete based on the existence of reticulated water systems. 
The Initial water use survey did not indicate whether there were current 
users of groundwater for irrigation or drinking water uses downgradient of 
on-Site sources. 

–  via consumption of privately grown vegetables and chicken eggs 
grown with potentially impacted irrigation water and in impacted soils 

Unlikely complete for extraction of surface water for irrigation purposes. 
The Initial water use survey did not indicate whether there were current 
users of groundwater for irrigation (agricultural or private) uses. 

–  consumption of fish and other biota caught from natural surface water 
bodies 

Yes. Initial Water Use Survey indicated fishing at off-Site natural surface 
water bodies. However, this exposure pathway is considered infrequent 
based on Victorian Fisheries website and fishing forums. EPA Victoria and 
local community groups have observed fishing and reported consumption 
of carp / eels at several fishing spots. 

Public Open Space area (northern section) 

Known Sources 

6) Secondary Fire Training 
Area; reportedly operated in 
1974 and 1975 and weekly-
monthly fire training involving 
discharge direct to grass in 
slightly different areas. 

Potential Sources 

Settling of AFFF spray 
/ rinse water on solid 
surfaces – surface 
soils and open grassy 
areas 

Impacts leaching from 
impacted soils and 
surface water and 

On-Site ecological (terrestrial flora and fauna) SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

Yes 

–  direct contact with impacted surface water Yes – Doherty’s Drain and Laverton Creek 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order mammals and birds) 

Yes 
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Source Migration Pathways  Potential Receptors and Exposure Pathways Source-Pathway-Receptor (SPR) Linkages Comments 

7) Closed Landfills; multiple 
reported landfill areas in the 
Base Open Space for Buried 
Waste Petroleum and 
Commonwealth Games 
Restricted Area for Buried 
Waste 

 

subsequently to 
groundwater. 

AFFF liquid, 
containers or AFFF 
contaminated waste 
(i.e. burnt materials) 
possibly disposed of to 
Landfill  

On-Site humans (adult Site users and workers, inclusive of 
intrusive maintenance workers, and children at the child care 
centre) 

SPR linkage complete? 

–  incidental ingestion and dermal contact with impacted shallow soils 
(<2 m bgl) 

Yes. Especially during intrusive maintenance works. 

–  incidental inhalation of soil-derived airborne dust particulates Yes 

–  incidental ingestion and dermal contact with impacted surface water 
during Site works or general Site walkovers 

Yes 

–  incidental ingestion and dermal contact with PFAS-impacted 
groundwater (irrigation or drinking water sources) 

No. Not complete based on the existence of reticulated water systems and 
generally brackish nature of the groundwater 

Off-Site ecological (terrestrial flora and fauna) receptors SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

No 

–  direct contact with impacted surface water Yes. At connected natural water bodies (Laverton Creek). 

–  ingestion of PFAS through the food chain (bioaccumulation effects to 
higher order mammals and birds) 

Yes. Consumption of PFAS-impacted lower order biota by higher order 
mammals and birds. 

Off-Site ecological (aquatic flora and fauna) receptors SPR linkages complete? 

–  direct contact with surface water Yes. Within the surface waters of Laverton Creek. 

–  direct contact with sediment Yes. Sediment and bottom dwelling organisms and flora. 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order aquatic organisms) 

Yes. Secondary effects to higher order aquatic organisms in Laverton and 
Skeleton Creek. 

Off-Site humans (adult and child) SPR linkages complete? 

–  incidental ingestion and dermal contact with impacted surface water 
during recreational activities (e.g. fishing or swimming) 

No. No evidence that indicates that recreational activities (e.g. fishing and 
swimming) occurs at Laverton Creek.  

–  inhalation of soil-derived airborne dust particulates Yes. See above. 
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Source Migration Pathways  Potential Receptors and Exposure Pathways Source-Pathway-Receptor (SPR) Linkages Comments 

–  via incidental ingestion and dermal contact with impacted groundwater 
(irrigation or drinking water source) 

Unlikely complete based on the existence of reticulated water systems. 
The Initial water use survey did not indicate whether there were current 
users of groundwater for irrigation or drinking water uses downgradient of 
on-Site sources. 

–  via consumption of privately grown vegetables and chicken eggs 
grown with potentially impacted irrigation water and in impacted soils 

Unlikely complete for extraction of surface water for irrigation purposes. 
The Initial water use survey did not indicate whether there were current 
users of groundwater for irrigation (agricultural or private) uses. 

Not complete for soils. No off-Site Site-derived PFAS sources exist and no 
major indication of Site-derived impacts from these sources 

–  consumption of fish and other biota caught from natural surface water 
bodies 

No. No evidence that indicates that recreational activities such as fishing 
occurs at Laverton Creek. 

Former extents of Base 

Known Sources 

8) Primary Fire Training Area 
(Williams Landing); Reportedly 
operated on a weekly basis up 
until 1996 

Potential Sources 

9) Former Firepower 
Demonstration Area (Williams 
Landing) – unknown if AFFF 
used or not 

10) Former runways (Williams 
Landing). Activities included 
attending to aircraft ‘hot 
wheels’ incidents at different 
locations on a weekly basis, 
where aircraft would park on 
runway or taxiways and fire 
trucks would hose down the 
aircraft with AFFF to prevent 
fires.  

11) GEMS workshop 
(Laverton) involved a range of 
vehicle and equipment 
maintenance activities, repair, 
painting and fuel and chemical 

Settling of AFFF spray 
/ rinse water on solid 
surfaces – surface 
soils, open grassy 
areas, and concrete / 
paved areas. 

Discharge of PFAS-
containing AFFF and 
rinse water to storm 
water system – into 
soil and surface water. 

Impacts leaching from 
impacted soils and 
surface water and 
subsequently to 
groundwater. 

Potential run-off from 
AFFF used in 
response to incidents 

On-Site ecological (terrestrial flora and fauna) SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

No. It is noted that on-Site refers to receptors within the current 
boundaries of RAAF Williams Laverton.  

–  direct contact with impacted surface water No 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order mammals and birds) 

No 

On-Site humans (adult Site users and workers, inclusive of 
intrusive maintenance workers, and children at the child care 
centre) 

SPR linkage complete? 

–  incidental ingestion and dermal contact with impacted shallow soils 
(<2 m bgl) 

No 

–  incidental inhalation of soil-derived airborne dust particulates No 

–  incidental ingestion and dermal contact with impacted surface water 
during Site works or general Site walkovers 

No 

–  incidental ingestion and dermal contact with PFAS-impacted 
groundwater (irrigation or drinking water sources) 

No 

–  via consumption of privately grown vegetables and chicken eggs 
grown in impacted soils (child care centre) 

No 
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Source Migration Pathways  Potential Receptors and Exposure Pathways Source-Pathway-Receptor (SPR) Linkages Comments 

storage activities over a period 
of about 40 years 

12) Storm water Drainage 
System – secondary impacts 

Off-Site ecological (terrestrial flora and fauna) receptors SPR linkage complete? 

–  direct contact with impacted surface and deeper soils (surface ecology 
and burrowing animals or plant roots) 

Yes. 

–  direct contact with impacted surface water Yes. At connected natural water bodies (Wetlands and Skeleton Creek). 

–  ingestion of PFAS through the food chain (bioaccumulation effects to 
higher order mammals and birds) 

Yes. Consumption of PFAS-impacted lower order biota by higher order 
mammals and birds. 

Off-Site ecological (aquatic flora and fauna) receptors SPR linkages complete? 

–  direct contact with surface water Yes. Within the surface waters of wetlands and Skeleton Creek. 

–  direct contact with sediment Yes. Sediment and bottom dwelling organisms and flora. 

–  ingestion of PFAS through the food chain (bioaccumulation / 
secondary effects to higher order aquatic organisms) 

Yes. Secondary effects to higher order aquatic organisms in wetlands and 
Skeleton Creek. 

Off-Site humans (adult and child) SPR linkages complete? 

–  incidental ingestion and dermal contact with impacted surface water 
during recreational activities (e.g. fishing or swimming) 

Yes. Initial Water Use Survey indicates that limited recreational activities 
(e.g. fishing and swimming) occurs at Skeleton Creek.  

–  inhalation of soil-derived airborne dust particulates Yes. See above. 

–  via incidental ingestion and dermal contact with impacted groundwater 
(irrigation or drinking water source) 

Yes. One registered bore water user identified using groundwater for 
irrigation purposes 

–  via consumption of privately grown vegetables and chicken eggs 
grown with potentially impacted irrigation water and in impacted soils 

Potentially complete for extraction of surface water for irrigation purposes. 
The Initial water use survey did not indicate whether there were current 
users of groundwater for irrigation (agricultural or private) uses. The 
survey did not discount the possibility of unregistered uses of groundwater 
surrounding the Site. 

–  consumption of fish and other biota caught from natural surface water 
bodies 

Yes. Initial Water Use Survey indicated fishing at off-Site natural surface 
water bodies. However, this exposure pathway is considered infrequent 
based on Victorian Fisheries website and fishing forums. 
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5.1 Known and potential sources 
A review of potential sources of PFAS contamination associated with the former use, storage and handling of 
historical AFFF products and the disposal of their waste products was undertaken. These works have 
included review of prior reports (provided post works commission) and additional information collected 
through inspections at the Site and interviews with Site personnel and contractors familiar with the former 
use and management of AFFF products. These potential sources have been assessed and summarised in 
Table 5-2. 

Table 5-2   Known and potential PFAS source areas 

Former 
CSR Area Comment Source 

status 
Carried 

forward as a 
key source? 

Current extents of Base 
VT0043* Wet Testing Area Confirmed PFAS use and source Known Yes 

VT0043* Air Movements Confirmed PFAS use and source Known Yes 

 Former Secondary Fire Training 
Area 

Confirmed PFAS use and source Known Yes 

VT0199 Electroplating areas (Building 7) Unconfirmed potential minor 
PFAS source 

Potential Yes 

VT0040 
(VIC1039-
VIC1046) 

Historical Landfill/Dumping Sites 
(Base Open Space - Buried 
Waste Petroleum) 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VT0038 
(VT0046) 

Former Electrical Workshop 
(Former Building 88). Also 
referred to as Incinerator and 
Flammable Storage Area 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VT0214 
(VT0045) 

Former USTs and Flammables 
Store - East of Building 92 and 
133 UST_01 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VIC1047 
(VT0046) 

Former Chemical Storage 
(Building 6) 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VT0046 Former Chemical Storage 
(Buildings 81 and 155) 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VIC1048 
(VT0045, 
VT0046, 
VT0199) 

Electroplating Areas TCE 
(Building 2,7 94 and 582) 

Unconfirmed potential minor 
PFAS source 

Potential Yes 

VT0044 Old Sewage Farm (Former STP 
Sewage Effluent) 

Potential minor PFAS source Potential Yes 

VT0048 
(VT0219) 

Former Frontline Service Station 
USTs (Building 425) 

No evidence of PFAS impact Unlikely No 

VT0042 Former UST - Tank 31 No evidence of PFAS impact Unlikely No 

VT0049 
(VT0050) 

Old Central Photographic Site Potential evidence of PFAS 
impact 

Potential Yes 

VT0041 Old Fuel Farm Potential evidence of PFAS 
impact 

Potential Yes 

VT0045 UST Remediation Petroleum No evidence of PFAS impact Unlikely No 

VT0039 Former Weapons Range and 
Acid Sulphate Stockpile 

No evidence of PFAS impact Unlikely No 

VT0224 Building 34 - UST_15 
A0631/LAV15 

No evidence of PFAS impact Unlikely No 
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VT0223 East of Building 64 - UST_14 
A0625/LAV14 

No evidence of PFAS impact Unlikely No 

VT0045 Between Building 90 (Generator 
Room) and 4 - Former UST 

No evidence of PFAS impact Unlikely No 

VT0047 Building 559 - Former UST No evidence of PFAS impact Unlikely No 

VT0215 East of Building 88 - UST_02 
A0626/LAV03 

No evidence of PFAS impact Unlikely No 

VT0216 
(VT0225) 

East of Building 1 - UST_03 
A0626/LAV03 

No evidence of PFAS impact Unlikely No 

VT0217 South of Building 33 - Former 
UST_04 TCE/A0628/LAV04 

No evidence of PFAS impact Unlikely No 

VT0218 South of Building 606 - UST_05 
and UST_18 

No evidence of PFAS impact Unlikely No 

VT0220 North of Building 424 - UST_11 
A0622/LAV11 

No evidence of PFAS impact Unlikely No 

VT0221 East of Building 514 - UST_13 
A0630/LAV13 

No evidence of PFAS impact Unlikely No 

Former extents of Base 
 Former Primary Fire Training 

Area 
Confirmed PFAS use and source Known Yes 

 Firepower Demonstration Area Unconfirmed potential PFAS 
source 

Potential Yes 

 Former runways Unconfirmed potential PFAS 
source 

Potential Yes 

 Former GEMS Compound Unconfirmed potential PFAS 
source 

Potential Yes 

* Aircraft Maintenance and Refuelling – referenced in this report with respect to either the Wet Testing Area or Air Movements following 
PSI terminology 

Many of the sources are in areas of similar land use and exposure scenarios. The major known sources 
were grouped with the surrounding area for investigation and discussion purposes, and potential minor 
sources were also grouped due to similar exposure scenarios. It is noted that there is overlap of some CSR 
areas and historic PFAS source areas identified in the PSI. The names of source areas identified in the PSI 
are used in this report for simplicity and continuity. 

The known and potential sources summarised in Table 5-2 were grouped as follows; 

 Wet Testing Area (within the wider Aircraft Maintenance and Refuelling CSR) 

 Former Fire Station (Hobby Hangar) 

 North-South Hangars Complex 

 Western Finger Area 

 Known source: Air Movements (within the wider Aircraft Maintenance and Refuelling CSR) 

 Potential sources:  

 Former Electroplating area (i.e. Building 7 Electroplating areas) 

 Chemical Storage Areas 

 Building 1: Warehouse and receipt of AFFF (from interviews) 

 Building 2: Storeroom 

 Building 6:  Former Chemical Storage 

 Building 81: Former Chemical Storage 

 Building 88: Incinerator and Flammable Storage Area 
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 Building 155: Liquid Fill / Drum Storage 

 Building 582: Chemical Store associated with former electroplating facility 

 Secondary Fire Training Area (noting some overlap with landfills) 

 Former GEMS Compound 

 Former Primary Fire Training Area 

 Potential minor on-Site sources 

 Historical Landfill / Dumping Sites 

 Old Photographic Centre 

 Old Fuel Farm 

 Old Sewage Farm 

 Potential minor off-Site source areas 

 Firepower Demonstration Area 

 Former Runways  

The potential PFAS sources listed above were carried forward and further investigated in the field program. 
Identification of known and potential pathways and receptors are summarised in the sections below.  

5.2 Known and potentially affected media 
This section summarises the affected media pertaining to the identified known and potential source areas, 
the areas of which were based on the Site history and interviews. 

The known primary on-Site sources and their affected media are as follows: 

 Wet Testing Area 

 Concrete hardstand 

 Soil below concrete hardstand 

 Grass and soil surrounding the Wet Testing Area 

 Underlying groundwater 

 Deposited sediment in storm-water drain  

 Surface water entering storm-water system 

 Western Finger Area 

 Concrete hardstand (particularly in areas immediately below and surrounding the areas of fire training 
and aircraft maintenance, former infrastructure associated with electroplating, and chemical storage 
activities). 

 Soil below concrete hardstand 

 Grass and soil surrounding the Air Movements 

 Underlying groundwater 

 Deposited sediment in storm-water drain  

 Surface water entering storm-water system leading to Skeleton Creek 

 Former Secondary Fire Training Area 

 Grass and soil surrounding the area 

 Underlying groundwater 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   57 

 Surface water and transported sediment entering Doherty’s Drain 

The affected media of other potential sources minor on-Site areas include: 

 Former Landfills 

 Grass and soil surrounding the area 

 Surface water and transported sediment entering Doherty’s Drain / Laverton Creek 

 Underlying groundwater 

Other than surrounding environmental media inclusive of infrastructure, other potential pathways of PFAS 
exposure to on-Site humans include the consumption of Site-grown chicken eggs and leafy green produce 
sourced from small plots located at the Childcare Centre. As such, the other media that was further 
investigated included: 

 Chicken eggs  

 Leafy green produce (produced within raised plots; assessed as potentially impacted soils) 

The known primary off-Site sources and their affected media include: 

 Former Primary Fire Training Area 

 Grass and soil surrounding the area, especially at the natural surface level 

 Underlying groundwater 

 Surface water and transported sediment entering storm-water system leading to Laverton RAAF 
Swamp 

 Former GEMS Compound 

 Grass and soil surrounding the area, especially in lower lying areas 

 Concrete/bitumen pathways and hardstand 

 Soil below concrete and bitumen 

 Underlying groundwater 

The potential minor off-Site sources and their affected media are summarised as follows: 

 Former Runways 

 Grass and soil surrounding the area, especially at the natural surface level 

 Underlying groundwater 

 Surface water and transported sediment entering storm-water system 

 Former Firepower Demonstration Area 

 Grass and soil surrounding the area, especially at the natural surface level 

 Underlying groundwater 

 Surface water and transported sediment entering storm-water system 

5.3 Known and potential human and ecological receptors 
Aurecon have identified potential receptors that could be exposed to PFAS originating from the Site, based 
on-Site history, interviews and Project Control Group meetings. These potential human and ecological 
receptors have been grouped according to likely and similar exposure scenarios (noting that there is some 
cross-over between groups). 

On-Site human receptors (commercial / industrial exposure scenario) 
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 Adult Site (non-intrusive) workers comprising (but not limited to): operations workers, Defence 
personnel, trainees, general administrative staff and facilities staff. 

 Adult and child visitors who may visit the Site at lower exposures than typically assumed for standard 
commercial / industrial scenarios. This includes Site visitors using the golf course and childcare centre 
workers 

On-Site human receptors (intrusive worker trench scenario) 

 Adult intrusive workers comprising (but are not limited to): construction or maintenance workers 
performing activities of commercial/industrial nature 

On-Site human receptors (low density residential scenario at reduced exposures) 

 Adult temporary residents comprising predominantly Base trainees 

 Childcare attendees comprising children attending childcare and adult childcare workers 

Off-Site human receptors (commercial / industrial exposure scenario) 

 Adult non-intrusive commercial / industrial workers comprising (but are not limited to): staff of 
commercial businesses in surrounding suburbs, and staff of businesses in industrial precincts 

 Adult intrusive workers (construction and / or maintenance) comprising (but are not limited to): those 
performing activities of commercial/industrial nature in surrounding areas that may come into contact with 
Site-derived PFAS impacts 

 Adult bore water users comprising (but are not limited to): users of bore water for irrigation 

Off-Site human receptors (standard low density residential scenario) 

 Adult and child residents of surrounding suburbs, which comprise (but are not limited to): 

 Residents of surrounding suburbs with minimal opportunities for soil access (high density residential) 

 Residents of surrounding suburbs with some opportunities for soil access (medium density residential) 

 Residents of surrounding suburbs with garden / accessible soil (low density residential) 

 Consumers of fish and/or other biota recreationally caught in Skeleton Creek  

 Adult and child recreational users of public open spaces such as parks and constructed wetlands, and 
Skeleton and Laverton Creeks 

On-Site ecological (Commercial/Industrial) 

 Terrestrial biota, which comprise (but are not limited to): 

 Mammals, including rabbits, kangaroos, foxes and possums 

 Birds, migratory and local 

 Reptiles and insects 

 Grass, trees and other vegetation 

 Semi-aquatic biota, including crabs and worms 

 Aquatic biota, which comprise (but are not limited to): fish and turtles 

Off-Site ecological (Commercial/Industrial) 

 Terrestrial biota, which comprise (but are not limited to): 

 Mammals, including horses, rabbits, possums and cows (at a distance of at least 5 km) 

 Birds, migratory and local 

 Grass, trees and other vegetation 

 Aquatic biota, which comprise (but are not limited to): fish, yabbies, eels and turtles 
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5.4 Potential migration pathways 
The affinity of PFAS compounds to water means that the main migration pathways for transport away from 
source areas are via surface water flows or groundwater. Potential migration pathways include: 

 Leaching from impacted soils and concrete/asphalt into groundwater and surface water 

 Transport via groundwater in south-south easterly direction from source areas 

 Flow in surface water bodies (Doherty’s Drain, Laverton Creek and Skeleton Creek, ephemeral drains 
and Laverton RAAF Swamp, Forsyth Road Drain) 

 Flow of impacted surface water in engineered drainage systems 

 Transport via groundwater and potential discharge to Skeleton Creek 

 Surface water / storm water drainage through Addison Wetlands – overflow from this wetland is 
discharged onto Base  

It is considered probable that some Site groundwater discharges to Skeleton Creek, which is within 750 m of 
the southern Site boundary and based on measured groundwater depth on-Site and elevation profiles. This 
is supported by the VVG website indicating that Skeleton Creek has a high potential for groundwater 
interaction. 

5.5 Potential and complete exposure pathways 

5.5.1 Humans 
Potential exposure pathways that could connect Site sources of PFAS and human receptors comprise the 
following: 

 Ingestion (major pathways in order of most to least likely) 

 Incidental soil and sediment ingestion 

 Incidental ingestion of groundwater or surface water 

 Ingestion of chicken eggs and vegetable/leafy produce grown at the Base 

 Ingestion of chicken eggs, fruit and vegetable/leafy produce grown off-Site 

 Inhalation of soil-derived and concrete-derived dust and airborne particulates (minor pathway) 

 Dermal contact with soils, sediment, surface water or groundwater (minor pathway) 

Details of these pathways are discussed below. 

Incidental ingestion 
Soil (potential pathway) 

 Incidental ingestion of soil derived from ground and demolished concrete and as adhered to edible 
vegetation and clothes by on-Site and off-Site human receptors is considered a potential exposure 
pathway. The incidental ingestion occurs predominantly during above-ground and intrusive Site works, 
hand-to-mouth activities may occur. This is especially relevant to Site visitors (including golfers), Base 
workers/trainees, and intrusive construction workers. 

Groundwater (not a potential pathway) 

 Ingestion of groundwater is not considered a potential exposure pathway to on-Site human receptors. 
Interviews with key Site personnel indicate that there are no on-Site groundwater bores used as a potable 
supply. The Base is serviced by reliable mains water supplied by City West Water. 
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 Ingestion of groundwater is not considered a potential exposure pathway to off-Site human receptors. 
Ingestion is unlikely as Water Use Survey indicates no public use of ground water as a potable supply. 
The Base and surrounding properties are serviced by reliable potable mains water (town water) supply. 

 Ingestion of groundwater by intrusive construction workers is not considered a significant potential 
exposure pathway during intrusive works requiring excavation below the Site-specific average 
groundwater level of approximately 5 m depth due to general workplace health and safety procedures.  

Surface water (inclusive of potentially impacted sediments) 

 Due to the nature of the man-made and natural surface water bodies to be directly overlying the 
potentially impacted and accumulated sediments with no distinct interface, assessment of these areas 
has been limited to total concentrations of key PFAS in surface water to pragmatically and conservatively 
account for total exposure for any receptor that may come into contact with these chemicals. 

 Ingestion of on-Site surface water (and sediment by association) is not considered a likely exposure 
pathway to on-Site human receptors. It is possible that a Trainee, Base worker or Site visitor may enter 
Doherty’s Drain or Laverton Creek and incidentally ingest the surface water; however, there is no 
anecdotal evidence suggests that such exposure has occurred. This scenario is not a regular occurrence 
and the potential health risks posed by this exposure pathway are considered to be low and acceptable. 

 Incidental ingestion of on-Site surface water and sediment is considered a potential exposure pathway to 
intrusive construction workers however the exposure duration is expected to be much less than that 
indicated by the adopted Tier 1 screening criteria given the discontinuous exposure events and the 
utilisation of personal protective equipment when undertaking construction works. 

 Incidental ingestion of off-Site surface water by human receptors is considered to be a potentially 
complete pathway. Skeleton and Laverton Creek are both accessible to the public beyond Site 
boundaries. It is possible that a member of the public may use these water bodies for recreational 
purposes and ingest the surface water. It is noted that this scenario is not a regular occurrence and the 
potential health risks posed by PFAS exposure likely to be low and acceptable. 

Home Grown Produce (Chicken eggs, fruit and vegetables, including leafy greens) 

 Ingestion of chicken eggs and leafy green produce grown at the Base Childcare Centre is considered a 
potential exposure pathway to consumers of these foods. It was indicated by Base staff that up to three 
eggs per day are laid by the chickens grown within an enclosed compound on the Childcare Centre 
premises and these eggs are subsequently consumed. The potential health risks posed to people who 
may consume the eggs was considered to be limited because: 

 The chicken coop and vegetable garden were covered with a layer of topsoil and with minimal PFAS 
impact (if any).  

 Base staff report that there was a plastic liner underlaying the chicken coop area 

 Chickens and vegetable garden are watered using a potable mains source 

However, due to the sensitive nature of this exposure pathway, the free-range allowances provided to the 
chickens, and the potential for bioaccumulation in the Site-grown produce, this exposure pathway was 
further investigated. It is noted that leafy green vegetables were not directly tested, and assessment of 
this pathway was based on soil results in this area. 

 Ingestion of chicken eggs, fruit and vegetables (including leafy green produce) grown off-Site is 
considered a potential exposure pathway to consumers of these foods. Out of the 67 Water Use Survey 
responses, one respondent reported residential land use including poultry, and five indicated residential 
use including fruit and vegetables. Wyndham Council limit the number of chickens that can be kept at a 
residence without a permit to six. 

Inhalation 
 Inhalation of airborne particulates derived from soil and as fugitive dust from concrete (during demolition) 

is considered a potential exposure pathway for adult construction workers during general construction 
and intrusive works in PFAS impacted areas. 
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 Inhalation of fugitive dust is not considered a likely significant exposure pathway to all other potential 
receptors (i.e. on- and off-Site away from the immediate vicinity of the PFAS impacted areas). Winds 
blowing across the Site may mobilise PFAS-impacted dust and aerosols. However, a study in similar 
setting has assessed the risk from inhalation exposure to mobilised dust to be extremely low (OEH, 
2017). 

 Inhalation of volatile PFAS is not considered a potential exposure pathway to all other potential receptors. 
PFAS compounds associated with AFFF (PFOS, PFOA, PFHxA, PFHxS) are not volatile and do not 
occur in the vapour phase, hence the exposure pathway is not complete. AFFF is not known to contain 
the volatile PFAS compounds that can be transported by air, consequently there is no on-Site source 
above background concentrations (OEH 2017). 

Air quality monitoring for particulates (airborne dust) or volatile PFAS is not considered necessary to further 
inform understanding of potential airborne exposure pathways. 

Dermal contact 
Dermal contact is reported as being a minor exposure pathway because dermal absorption is slow and does 
not result in significant absorption (FSANZ, 2017; National Center for Environmental Health 2017). 

Soil, concrete and vegetation 

 Dermal contact with soil, concrete and vegetation by on-Site human receptors is considered a potential 
exposure pathway. This is especially relevant to the Wet Testing and Air Movements Areas.  

 Dermal contact with soil, concrete and vegetation by off-Site human receptors is considered a potential 
exposure pathway. This is especially relevant to the Former Primary Fire Training Area and Addison 
wetlands. 

Groundwater 

 Dermal contact with groundwater is not considered a potential exposure pathway to on-Site human 
receptors. Interviews with key Site personnel indicate that there are no on-Site groundwater bores in use. 
The Base is serviced by reliable mains water supplied by City West Water. 

 Dermal contact with groundwater is a potential exposure pathway to off-Site human receptors using bore 
water for showering and washing. However, this scenario is unlikely as there is no evidence from the 
Water Use Survey to suggests such use of groundwater. The Base and surrounding properties are 
serviced by reliable potable mains water (town water) supply. 

 Dermal contact with groundwater by intrusive construction workers is not considered a significant 
potential exposure pathway during intrusive works requiring excavation below groundwater level due to 
general workplace health and safety procedures and that very little works typically extend down to the 
average depth of groundwater of approximately 5 m below the ground surface. 

Surface water and sediment  

 Dermal contact with on-Site surface water and sediment is not considered a likely exposure pathway to 
Base workers, trainees and Site visitors. It is possible that on-Site human receptors enter Site surface 
water bodies and come into contact with the surface water and sediment. No anecdotal evidence 
suggests that such exposure has occurred. This scenario is considered possible, but it is not a regular 
occurrence and the potential health risk is considered to be low and acceptable. 

 Dermal contact with on-Site surface water and sediment is considered a potential exposure pathway for 
golfers where ball may be retrieved from surface water features 

 Dermal contact with on-Site surface water and sediment is not considered a significant potential exposure 
pathway to intrusive construction workers due to general workplace health and safety procedures. If an 
intrusive worker comes into contact with any surface water during construction workers, the exposure 
duration from these activities are considered to be quite insignificant compared to other potential 
exposure pathways. 

 Dermal contact with off-Site surface water is considered a potential exposure pathway. It is possible that 
members of the public may come in contact with surface water in Skeleton Creek. No evidence from 
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Water Use Surveys suggests that such exposure is common. This scenario is not a regular occurrence 
and as such the potential health risks posed is low and acceptable.  

5.5.2 Ecological 
Potential pathways that could connect Site sources of PFAS and ecological receptors comprise the following: 

 Direct contact and uptake/ingestion 

 Bioaccumulation 

Direct contact or uptake 
Direct contact (exposure) or uptake applies specifically to protection of organisms that live within, or are 
closely associated with, the soil, such as earthworms and plants. 

Soil and vegetation 

 The direct contact with surface soil/vegetation and uptake of PFAS is considered a potential pathway to 
on-Site terrestrial flora and fauna 

 The direct contact with surface soil/vegetation and uptake of PFAS is considered a potential pathway to 
off-Site terrestrial flora and fauna. The quantitative assessment of risk to mobile wildlife, such as birds 
and mammals, that can move on and off-Site are not within the remit of this study 

Groundwater 

 Direct contact with groundwater and uptake of PFAS is not a potential exposure pathway to on-Site 
terrestrial flora and fauna. Deep rooted trees and plants are not anticipated to reach the groundwater as 
the groundwater is generally greater than 5 m below ground level. 

 Direct contact with groundwater and uptake of PFAS is a potential exposure pathway to off-Site terrestrial 
flora and fauna (deep rooted trees and plants). This exposure pathway is only relevant to deep rooted 
trees and plants capable of reaching the groundwater in down-gradient areas. 

Surface water and sediment  

 Direct contact with and uptake of PFAS from surface water and sediment in drainage lines and surface 
water bodies (Doherty’s Drain and Laverton Creek) is a potential exposure pathway to on-Site aquatic 
flora and fauna.  

 Direct contact with and uptake of PFAS from surface water and sediment in Laverton Creek and Skeleton 
Creek is a potential exposure pathway to off-Site aquatic flora and fauna.  

Bioaccumulation / Secondary poisoning 
These indirect exposure scenarios account for the various pathways other organisms can be exposed due to 
bioaccumulation and/or off-Site transport. 

 Ingestion of PFAS that have bioaccumulated within the food chain is considered a potential exposure 
pathway to on-Site terrestrial and aquatic biota in higher order trophic levels. It is noted that no stock is 
maintained on-Site.  

 Ingestion of PFAS that have bioaccumulated within the food chain is considered a potential exposure 
pathway to off-Site terrestrial and aquatic biota in higher order trophic levels. 

 At the time of the DSI, no stock has been identified to be maintained within a 5 km radius in down-
gradient areas. As such, secondary PFAS health effects have not been considered relevant for off-Site 
live stock at this stage in the investigation. 

 The quantitative assessment of mobile wildlife, such as birds, mammals and reptiles, was not within the 
remit of this study, but a qualitative assessment of movement on-Site and off-Site was considered. Off-
Site biota that come onto the Site could potentially be exposed to on-Site sources of PFAS, such 
Doherty’s Drain and Laverton Creek. 
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5.6 Summary 
A summary of potentially complete, unlikely to be complete and incomplete pathways is provided in this 
section and in Table 5-3 below. 

Table 5-3    Known and potential human and ecological receptors 

Potential Receptor Comment Receptor 
Status 

Considered a 
potential receptor 
for investigation? 

On-Site 
Adult Site (non-intrusive) 
workers 

Likely. Staff and temporary residents 
observed walking around Site, including 
Wet Testing Area and Western Finger Area 

Likely Yes 

Adult and child Site visitors Potential. Access to source areas 
considered limited and unlikely 

Unlikely Yes 

Adult intrusive workers 
(construction and / or 
maintenance) 

Potential, construction works possible near 
the known PFAS sources 

Likely Yes 

Temporary on-Site residents Likely. Staff and temporary residents 
observed walking around Site, including 
Wet Testing Area and Western Finger Area 

Likely Yes 

Childcare attendees and 
childcare workers 

Unlikely due to separation from known 
sources. Due to sensitive nature, this 
receptor has been carried forward. 

Unlikely Yes (further 
assessed a 
discussed in 
Section 5.5.1) 

On-site terrestrial biota Likely. Terrestrial biota (e.g. birds) 
observed near known sources 

Likely Yes 

On-site aquatic biota  Likely. Potential aquatic biota in Laverton 
Creek and Doherty’s Drain 

Likely Yes 

Off-Site 
Adult non-intrusive commercial 
/ industrial workers 

Unlikely. Known PFAS impacts considered 
unlikely to exceed commercial / industrial 
guidance values 

Unlikely Yes 

Adult intrusive workers 
(construction and / or 
maintenance) 

Potential, construction works possible near 
the known PFAS sources 

Likely Yes 

Adult bore water users Unlikely. Bore water in use at one property 
for flood irrigation of lawns 

Unlikely Yes 

Adult and child residents Potential, known impacts around source 
areas 

Potential Yes 

Adult and child recreational 
users 

Known PFAS impacts in Former Primary 
Fire Training Area below SSILs. 

Potential Yes 

Off-site terrestrial biota Likely. Terrestrial biota (e.g. birds) 
observed near known sources 

Likely Yes 

Off-site aquatic biota Likely. Potential aquatic biota in Skeleton 
Creek and wetlands 

Likely Yes 

Commercial producers of 
agricultural products 

Pathway from sources to commercial 
producers in Werribee South is considered 
incomplete due to flow direction of surface 
water and groundwater 

No No 

Wildlife or game consumers No indications of wildlife or game 
consumption in the area 

No No 

The potential human receptors that were further assessed include Site workers, Site visitors, temporary on-
Site residents, Base childcare attendees, Intrusive construction workers, off-Site commercial / industrial 
workers (includes bore water user), off-Site residents, and off-Site recreational users (users of Public Open 
Space). The potential ecological receptors that were further assessed include on-Site terrestrial biota, on-
Site aquatic biota, off-Site terrestrial biota and off-Site aquatic biota. If further off-Site investigations identify 
potentially complete pathways to “Commercial producers of agricultural products” or “Wildlife or game 
consumers”, then these exposure scenarios will be addressed under separate cover.  
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5.7 Preliminary Conceptual Site Model Visualisation 
The known and potential sources, receptors and pathways that are discussed above form a CSM. A 
visualisation of the CSM is presented the following set of figures, which show the known and potential 
exposure media and pathways for the potential PFAS sources11 on the Site: 

 Wet Testing Area, Air Movements and other minor sources in the Western Finger Area (Figure 5-1) 

 Secondary Fire Training Area and former landfills (Figure 5-2)  

 Former Primary Fire Training Area (Figure 5-3) 

 Potential Minor off-Site Areas (Former Runways and Firepower Demonstration Area) (Figure 5-4) 

It is important to note that anecdotal information has been relied upon, and the data gaps were assessed in 
the field work program. 

 

 
11 The potential minor sources have been grouped for clarity 
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Figure 5-1    Visualisation of the Conceptual Site Model for the Wet Testing Area, Air Movements and potential minor sources in the Western Finger Area (Exposure 
pathways and receptors) 
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Figure 5-2    Visualisation of the Conceptual Site Model at the Secondary Fire Training Area and former landfills (Exposure pathways and receptors) 
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Figure 5-3    Visualisation of the Conceptual Site Model for the Primary Fire Training Area (Exposure pathways and receptors)  
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Figure 5-4    Visualisation of the Conceptual Site Model for the Potential Minor off-Site Areas (Former Runways and Firepower demonstration area) (Exposure pathways and 
receptors) 
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5.8 Data gaps and uncertainty 
The desktop review and visualisation of the CSM identified the following key data gaps to be further 
investigated in the field program: 

 Assessment of the background conditions 

 Groundwater monitoring wells required at the northern Site boundary 

 Upstream surface water and sediment sample collection from Doherty’s Drain, Laverton Creek and 
Skeleton Creek 

 Delineation of the known and likely Site sources (focusing on the Wet Testing area, Air Movements and 
Secondary Fire Training Area) 

 Groundwater sample collection from existing monitoring network surrounding known and likely sources 

 Groundwater monitoring wells and shallow soil boreholes required at known and likely Site sources 

 Surface soil sampling around Wet Testing area 

 Surface water, sediment and pore water sampling in Doherty’s Drain and Laverton Creek 

 Assessment of potential minor Site sources 

 Groundwater sample collection from existing monitoring network surrounding potential minor sources 

 Surface water, sediment and pore water sampling in Doherty’s Drain and Laverton Creek 

 Delineation of the known and likely off-Site sources (focusing on the Former Primary Fire Training Area) 

 Groundwater monitoring wells required at known and likely off-Site sources 

 Soil sampling at range of depths 

 Assessment of the flow of impacted groundwater off-Site 

 Groundwater monitoring wells required on eastern, western and southern Site boundaries 

 Groundwater monitoring wells required between the south of the Site and Skeleton Creek 

 Assessment of the pathway via surface water from the Western Finger Area to Skeleton Creek (including 
further testing of surface water and sediment during a high rainfall event) 

 Surface water and sediment sampling at point of discharge from Site 

 Surface water and sediment sampling along Skeleton Creek 

 Assessment of Laverton and Skeleton Creeks as ecological receptors 

 Surface water, sediment and pore water sampling in Laverton and Skeleton Creeks 

 Assessment of the impact to surface water and sediment in storm-water drains 

 Surface water and sediment sampling from storm-water drainage system 

 Assessment of produce grown at the Childcare Centre 

 Chicken eggs and soil at the plots on which this produce is grown 

It is noted that there remain some data gaps and uncertainty that were not in the current scope of works; 

 Additional sources in areas of use, storage or disposal of AFFF not discovered in desktop review or Site 
interviews 

 Additional media and receptors 

 Concrete in Wet Testing area and Air Movements 

 Biota in Doherty’s Drain, Laverton Creek, Skeleton Creek and other off-Site areas 
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6 Beneficial uses and assessment criteria 
This section details the overarching assessment framework at Commonwealth and State levels. The 
relevance of the beneficial uses protected under the State Environmental Protection Policies (SEPP) are 
discussed based on the Conceptual Site Model presented in Section 5. The relevant guidelines used to 
determine screening criteria are also summarised. Screening criteria is also commonly referred to as 
investigation levels, assessment criteria or screening levels. 

6.1 Assessment Framework 
The Site falls under Commonwealth jurisdiction but is surrounded by land and water that falls under Victorian 
jurisdiction. Therefore, both Commonwealth and State legislation relevant to assessment of Site 
contamination were considered while the DSI was undertaken.  

6.1.1 Commonwealth Legislation, Regulation and Guidance 
Commonwealth legislation regulates the Site, which is located on Commonwealth land. Hence, PFAS impact 
at the Site was assessed with regards to the following legislation, regulation and guidance. 

 Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 

 ASC NEPM 

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

 Ramsar Convention on Wetlands – note that Port Phillip Bay is a listed as a Ramsar wetland 

 PFAS National Environmental Management Plan (NEMP, January 2018) - Heads of EPAs Australia and 
New Zealand (HEPA). It is noted that PFAS NEMP Version 2 has recently been finalised. 

6.1.2 Victorian Legislation, Regulation and Guidance 
Victorian legislation regulates the area surrounding RAAF Williams Laverton. The relevant subordinate 
legislation that implements the Victorian legislation, regulation and guidance includes: 

 State Environmental Protection Policies (SEPP) 

 SEPP (Prevention and Management of Contamination of Land) (PMCL SEPP) 

 SEPP (Waters) (WoV SEPP) 

These SEPPs set out beneficial uses of land, water and groundwater that are to be protected. The beneficial 
uses have been applied to on-Site and off-Site locations. 

6.2 State Environment Protection Policies 
Uses and values of land, surface water and groundwater comprise the beneficial uses of these elements of 
the environment. Protection of these beneficial uses is achieved by maintaining the level of environmental 
quality or improving the quality via realistically achievable improvements, which are set out under attainment 
programs. Each SEPP sets out objectives and criteria for evaluating whether a beneficial use is being 
protected.  

6.2.1 Land State Environment Protection Policy 
The beneficial uses of land protected under the Prevention and Management of Contamination of Land 
(PMCL) SEPP are:  
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 Maintenance of ecosystems (MoE) for natural ecosystems, modified ecosystems and highly modified 
ecosystems  

 Human health  

 Buildings and structures  

 Aesthetics 

 Production of food, flora and fibre 

Table 6-1 summarises whether these beneficial uses are existing, likely or potential, or unlikely for on-Site 
and off-Site. Land SEPP beneficial uses that are existing or likely / potential are carried forward for 
evaluation in Section 5. 

Table 6-1   Land SEPP Beneficial Uses 

Beneficial Use Existing Likely / Potential Unlikely 

Maintenance of ecosystems (MoE) 

On-Site    

Off-Site    

Human healtha 

On-Site    

Off-Site    

Buildings and structures 

On-Site    

Off-Site    

Aesthetics 

On-Site    

Off-Site    

Production of food, flora and fibre 

On-Site   b 

Off-Site    
a Human health – residential, open spaces / playing fields, commercial / industrial use. 

b No commercial production of food, flora and fibre on-Site. Small scale production of chicken eggs and leafy vegetables on-Site as 
discussed in Section 5.
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6.2.2 Water State Environment Protection Policy 

Beneficial uses of all waters 
The beneficial uses of all waters are summarised in Table 6-2. 

Table 6-2   Protected Beneficial Uses of water 

Beneficial use Beneficial use purpose or intent 

Water dependent ecosystems and 
species 

Water quality that is suitable to protect the integrity and biodiversity of water 
dependent ecosystems. 

This beneficial use encompasses:  

 protection of the integrity of riparian vegetation as it contributes to the health 
of water dependent ecosystems and bank stability;  

 that groundwater quality does not adversely affect surface water ecosystems;  

 ensures that groundwater quality does not adversely affect natural 
ecosystems that require access to groundwater to meet all or some of their 
water requirements on a permanent or intermittent basis to maintain their 
communities of organisms, ecological processes and ecosystem services. 
This includes wetlands, rivers and streams reliant on groundwater baseflow, 
some terrestrial vegetation and some estuarine and near-shore marine 
systems, stygofauna and troglofauna; and 

 maintenance of fish passage. 

Human consumption after 
appropriate treatment 

Water quality that is suitable for use by drinking water suppliers after appropriate 
treatment as drinking water and for delivery to consumers. 

Water quality that is suitable for use by the Wonthaggi desalinisation plant. 

Potable water supply Groundwater quality that is suitable for raw/potable water supply. 

Potable mineral water supply Water quality that is suitable for drinking and, in its natural state, contains 
soluble minerals and natural gases causing effervescence. 

Agriculture and irrigation Water quality that is suitable for agricultural activities such as stock watering and 
irrigation, as well as a range of other uses such as the irrigation of domestic 
gardens, commercial agriculture, parks and golf courses. 

Human consumption of aquatic 
foods 

(natural populations – commercial 
and recreational catch) 

Water quality that is suitable for the safe human consumption of fish and any 
other aquatic plant, algae or invertebrate. 

Aquaculture Water quality that is suitable for the production of fish for human consumption 
via aquaculture.  

Industrial and commercial use Water quality that is suitable for industrial and commercial use. Groundwater on 
Site and downgradient is generally 5 mbgl or greater, and so direct contact is 
considered highly unlikely.  

Water-based recreation Water quality that is suitable for primary contact recreation (e.g. swimming, 
diving, water skiing, caving and spas), secondary contact recreation (e.g. 
boating and fishing) and for aesthetic enjoyment. 

Traditional Owner cultural values Water quality that protects the cultural values of Traditional Owners, having 
recognised primary responsibility for protecting the values of water for cultural 
needs, to ensure that Traditional Owner cultural practices can continue. Values 
may include traditional aquaculture, fishing, harvesting, cultivation of freshwater 
and marine foods, fish, grasses, medicines and filtration of water holes. 
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Cultural and spiritual values Water quality that is suitable for cultural and spiritual needs and that will ensure 
that cultural, spiritual and ceremonial practices can continue. These include the 
cultural values held by communities (e.g. baptisms, water-based festivals and 
cultural celebrations). 

Navigation and shipping Water quality that is suitable for shipping transport and harbour facilities. 

Buildings and structures Groundwater quality where introduced contaminants do not cause groundwater 
quality to become corrosive to buildings, structures, property and materials. 

Geothermal properties Groundwater quality that will not affect the natural thermal capacity of the 
groundwater (e.g. temperature).  

 

Beneficial uses of groundwater 
Beneficial uses of groundwater set out in the Water SEPP are based on the segment to which the 
groundwater is assigned. In the first instance the segment is assigned based on the total dissolved solids 
(TDS) of the groundwater. Protected beneficial uses for each segment are presented in Table 6-3. 

Table 6-3    Protected Beneficial Uses of groundwater segments 

Beneficial Uses 

Segments (mg/L TDS) 

A1
( 0

-6
00

) 

A2
 (6

01
-1

,2
00

) 

B 
(1

,2
01

-3
,1

00
) 

C
 (3

,1
01

-5
,4

00
) 

D
 (5

,4
01

-7
,1

00
) 

E 
(7

,1
01

-1
0,

00
0)

 

F 
(>

10
,0

01
) 

1. Water dependent ecosystems and species        

2. Potable water supply:        

 desirable        

 acceptable        

3. Potable mineral water supply        

4. Agriculture and irrigation (irrigation)        

5. Agriculture and irrigation (stock watering)        

6. Industrial and commercial        

7. Water based recreation (primary contact 
recreational) 

       

8. Traditional Owner cultural values        

9. Cultural and spiritual values        

10. Buildings and structures        

11. Geothermal properties        

The groundwater salinity at and near the Site generally falls within Segment C (that is, between 1,000 mg/L 
and 10,000 mg/L of TDS. Salinities of groundwater reported for the Site monitoring wells (Maunsell, 2009 
and Golder, 2017) were in Segment C based on TDS segments in the Water SEPP. 

The current investigation indicated TDS ranges between 400 mg/L (GW2/6 screened in the Upper Basalt 
near Air Movements) and 9,400 mg/L (GWOFF/1 screened in the Upper Basalt in the northern portion of the 
Site). The area with lower values of TDS (less than 1,200 mg/L) was considered to reflect the dilution of 
brackish regional groundwater by local recharge from leaking water mains or storm-water. The higher values 
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of TDS (greater than 5,000 mg/L) reported for the wells in the central, northern and eastern portions of the 
Site reflect the regional groundwater, and the relevant beneficial uses potentially include; 

 Water dependent ecosystems and species 

 Potable mineral water supply 

 Agriculture and irrigation (stock watering) 

 Industrial and commercial 

 Water based recreation (primary contact recreation) 

 Traditional Owner cultural values 

 Cultural and spiritual values 

 Buildings and structures 

 Geothermal properties 

Water dependent ecosystems and species 

Maintenance of ecosystems for largely unmodified ecosystems (99% species protection) and slightly to 
moderately disturbed ecosystems (95% species protection) are considered relevant beneficial uses for 
natural wetlands to the south west of Williams Landing and other off-Site conservation reserves. The creeks 
and drains (Doherty’s Drain, Laverton Creek and Skeleton Creek) have been assessed as highly modified 
ecosystems based on their classification as Urban water systems and the stream quality rating of poor. 
Hence, maintenance of ecosystems for slightly to moderately ecosystems (95% species protection) and 
disturbed ecosystems (90% species protection) are considered relevant beneficial uses. 

Potable water supply 

Potable water supply is not considered a relevant use on-Site due to the predominantly brackish nature of 
the groundwater. The Water Use Survey also indicates that there are no off-Site groundwater users for 
drinking and primary contact recreational. This beneficial use is not considered in further investigations. 

Potable mineral water supply 

The Site groundwater is not within a declared mineral water supply area. This beneficial use is not carried 
forward in the investigation. 

Agriculture and irrigation (irrigation) 

The availability of mains water would make it unlikely that the mainly brackish Site groundwater would be 
used for irrigation. This is supported by information collected during this DSI, indicating irrigation is 
undertaken with potable water. This beneficial use is not carried forward in the investigation. 

The availability of mains water would make it unlikely that the mainly brackish groundwater would be used 
off-Site for irrigation. This is supported by the Water Use Survey responses, which indicate that irrigation is 
undertaken with potable water.  The details of groundwater use for irrigation purposes are detailed in Table 
3-4, where one registered bore (WRK960196) is actively used for flood irrigation of grass despite the high 
salinity. There are no specific PFAS screening levels for irrigation. As the potential exposure pathway relates 
to exposure to human receptors and ingestion of impacted water, the primary contact recreational guideline 
value (NHMRC 2019) has been adopted for initial screening purposes. This guideline includes an additional 
layer of conservatism by including the sum of PFOS and PFHxS. For initial screening purposes, the 
recreational water guidance value is considered protective of this beneficial use. 

Agriculture and irrigation (stock watering) 

No stock is currently kept on-Site. In addition, the availability of mains water would make it unlikely that Site 
groundwater would be used for on-Site stock watering. Therefore, this beneficial use is not considered likely 
to be realised on-Site.  

Off-Site areas are likely to use groundwater for stock watering. Note that these off-Site areas are located 
hydraulically cross gradient from the Site. There are registered bores for stock watering hydraulically down 
gradient from the Site. However, these wells were inspected by Golders (2017) and likely to be disused as 
they were associated with the former land use prior to residential development. 
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This beneficial use is to be considered potential off-Site. As above, for initial screening purposes the human 
health drinking water guidance value is considered protective of this beneficial use.  

Industrial and commercial 

The availability of mains water would make it unlikely that the mainly brackish Site groundwater would be 
used for industrial uses. There are no registered bores for industrial use on the VVG database. This 
beneficial use is not carried forward in the investigation. 

Water based recreation (Primary contact recreation) 

The availability of mains water would make it unlikely that the mainly brackish Site groundwater would be 
used for primary contact recreation. Exposure to workers during intrusive works, such as part of construction 
dewatering, is considered unlikely due to the groundwater depth of greater than 5 mbgl. This beneficial use 
is not carried forward in the investigation. 

Traditional owner cultural values  

PFAS screening criteria for protection of the beneficial use of Traditional Owner cultural values are not 
currently available. However, it is considered that the Beneficial use: Water dependent ecosystems and 
species would also be protective of this beneficial use. An enquiry to the Victorian Aboriginal Heritage 
Register for Skeleton Creek south of the Site indicated that there are no registered Aboriginal Places or 
Objects in that area 

Cultural and spiritual values  

PFAS screening criteria for protection of the beneficial use of cultural and spiritual values are not available. 
However, it is considered that the Beneficial use: Water dependent ecosystems and species would also be 
protective of this beneficial use. 

Buildings and structures 

While PFAS-impacted groundwater is not anticipated to adversely affect buildings or structures, this is an 
existing beneficial use both on- and off-Site. 

Geothermal properties 

PFAS-impacted groundwater is not anticipated to adversely affect impact geothermal properties, this is an 
existing beneficial use both on- and off-Site. This beneficial use is not carried forward in the investigation. 

Summary 

An evaluation of groundwater beneficial uses is presented in Table 6-4, which summarises whether these 
beneficial uses are existing, likely or potential, or unlikely for on-Site and off-Site. Water SEPP beneficial 
uses that are existing or likely / potential are carried forward for evaluation.  
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Table 6-4   Groundwater SEPP Beneficial Uses 

 

Beneficial uses of surface waters 
The waters of Doherty’s Drain, Laverton Creek and Skeleton Creek fall within the Urban segment of the WoV 
SEPP (Wyndham City Council and Hobson Bay City Council). As set out in the Waters of Victoria (WoV) 
SEPP, protected beneficial uses of Victorian surface waters for Urban inland waters include: 

 Water dependent ecosystems and species that are highly modified 

 Agriculture and irrigation 

 Human consumption of aquatic foods 

Beneficial Use Existing Likely / Potential Unlikely 

Water dependent ecosystems and species 

On-Site    

Off-Site    

Potable water supply 

On-Site    

Off-Site    

Potable mineral water supply 

On-Site    

Off-Site    

Agriculture and irrigation (irrigation) 

On-Site    

Off-Site    

Agriculture and irrigation (stock watering) 

On-Site    

Off-Site    

Industrial and commercial 

On-Site    

Off-Site    

Water based recreation (primary contact recreation) 

On-Site    

Off-Site    

Traditional owner cultural values 

On-Site    

Off-Site    

Cultural and spiritual values 

On-Site    

Off-Site    

Buildings and structures 

On-Site    

Off-Site    

Geothermal properties 

On-Site    

Off-Site    
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 Aquaculture 

 Industrial and commercial 

 Water-based recreation (primary contact) 

 Water-based recreation (secondary contact) 

 Water-based recreation (aesthetic enjoyment) 

 Traditional owner cultural values 

 Cultural and spiritual values 

Water dependent ecosystems and species that are highly modified 

The Water SEPP states that aquatic ecosystems and their surface waters must be free of any substance at 
levels that pose a risk to beneficial uses. The Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality (ANZECC and ARMCANZ, 2000) specifies the environmental quality objectives for protection 
of beneficial uses. For aquatic plants and animals, the levels of protection used to determine the objective 
are: 

 99% for natural, substantially natural, and largely unmodified ecosystems 

 95% for slightly to moderately disturbed ecosystems 

 90% for highly or largely disturbed ecosystems 

 80% for highly disturbed ecosystems12 

These four protection levels are pertinent to the assessment of direct toxicity to aquatic plants and animals. 
The percentages represent derived water quality toxicant levels that will protect 80, 90, 95 or 99% of species. 

Following ANZECC and ARMCANZ (2000) recommendations, the next highest protection level was adopted 
for assessment of potential bio-accumulative / secondary poisoning effects where Site-specific data on 
bioaccumulation is not available. For example, to assess potential bio-accumulation and secondary 
poisoning in a slightly to moderately disturbed ecosystem, the 99% species protection level would be 
applied. 

The inland waters surrounding the Site have been assessed as highly modified ecosystems based on the 
Urban segment, which is supported by the stream quality rating of poor. Hence, maintenance of ecosystems 
for slightly to moderately ecosystems (95% species protection) and disturbed ecosystems (90% species 
protection) are considered relevant beneficial uses. 

Water suitable for human consumption after appropriate treatment 

These waters are not water supply areas set out in Schedule 5 of the Catchment and Land Protection Act 
1994 or the Safe Drinking Water Act 2003. Hence, this is not a protected beneficial use for the Urban 
segment as it is not in a special water supply catchment area. 

Agriculture and irrigation 

The surface water in the on-Site creeks does not flow towards major agricultural areas. There is a 
stormwater diversion from Laverton Creek to a wetland then into a small storage dam (pers. comms 
Melbourne Water). This beneficial use is to be considered potential off-Site. The human health drinking water 
screening level is considered protective of this beneficial use. As above, for initial screening purposes the 
recreational water guidance value is considered protective of this beneficial use. 

Human consumption of aquatic foods 

Whilst there are anecdotal reports of fishing in Skeleton Creek, further investigation (site visits and 
discussions with residents) indicates that this practice is infrequent and unlikely. Skeleton Creek and 
Laverton Creek are not listed as angling waters on the Victorian Fisheries Authority website (VFA 2019). 
Further evidence from fishing forums suggests that the only common species of fish is carp, which are 
considered unlikely to be commonly consumed (Fishing Victoria 2019). Site inspections as part of the DSI 

 
12 As portions of the investigation area are highly disturbed, such as Doherty’s Drain, the guideline would still be relevant as a starting 
point for establishing SEPP objectives. The SEPP states that the 80th percentile of background established for reference sites with low 
levels of human impact may be used as a default guideline values where the trigger value is less than the reliable background figure.  
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showed paths within the reeds leading to Skeleton Creek, but fishing was not observed during multiple visits. 
Fishing near the Base is considered possible but not a common occurrence. It is understood from 
discussions with local community groups that there is a more regular fishing spot (frequented daily) further 
downstream towards Cheetham Wetlands off the end of Merton Street where carp / eels are caught for 
consumption. 

Aquaculture 

As discussed in the water suitable for aquaculture and edible seafood section, the environmental quality of 
on-Site creeks and Skeleton Creek is not suitable for aquaculture. This beneficial use is not carried forward 
in the investigation. The Victorian Fisheries Authority Commercial Fish Production Information Bulletin (July 
2016 to June 2017) does not indicate that an aquaculture license has been approved in accordance with the 
Fisheries Act 1995 for Laverton Creek or Skeleton Creek. This beneficial use is not carried forward in the 
investigation. 

Water-based recreation (primary contact) 

Whilst there is on-Site surface water in Doherty’s Drain, Laverton Creek and associated dams, these are not 
typically accessed for recreational use. There are anecdotal reports of swimming off-Site in Skeleton Creek. 
However, the water quality was reported not to meet SEPP (Waters) recreational water quality objectives for 
primary contact (Melbourne Water, 2018). It is also indicated by Melbourne Water that “exposure to 
pathogens (disease causing microorganisms) via primary (e.g. swimming) and/or secondary (e.g. boating) 
can lead to illness”. 

Water-based recreation (secondary contact) 

Whilst there is on-Site surface water in Doherty’s Drain, Laverton Creek and associated dams, these are not 
typically accessed for recreational use. This beneficial use is not carried forward in the investigation. 

There are anecdotal reports of boating in Skeleton Creek. Laverton Creek and Skeleton Creek downstream 
of the Site were reported to meet secondary contact objectives but are projected to not meet these objectives 
in the future. Hence, water base recreation is carried forward in the investigation. As above, it is 
acknowledged that exposure to pathogens via primary (e.g. swimming) and/or secondary (e.g. boating) can 
lead to illness. 

Water suitable for aesthetic enjoyment 

The aesthetic enjoyment of the surface water is to be assessed based on observations of odour and/or visual 
amenity impact, such as foaming. No aesthetic impacts were noted for PFAS impacted water during Site 
inspections. This beneficial use is not carried forward in the investigation. 

Traditional owner cultural values  

PFAS screening criteria for protection of the beneficial use of Traditional Owner cultural values are not 
available. However, it is considered that the Beneficial use: Water dependent ecosystems and species would 
also be protective of this beneficial use. 

Cultural and spiritual values  

PFAS screening criteria for protection of the beneficial use of cultural and spiritual values are not available. 
However, it is considered that the Beneficial use: Water dependent ecosystems and species would also be 
protective of this beneficial use. 

Fish, crustacea & molluscs for human consumption 

As discussed in the water suitable for aquaculture and edible seafood section, the on-Site creeks, Laverton 
Creek and Skeleton Creek are not suitable for aquaculture. This beneficial use is not carried forward in the 
investigation. 

Summary 

An evaluation of water beneficial uses is presented in Table 6-5, which summarises whether these beneficial 
uses are existing, likely or potential, or unlikely for on-Site and off-Site. Water SEPP beneficial uses that are 
existing or likely / potential are carried forward for evaluation.  
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Table 6-5   Water SEPP Beneficial Uses 

 
 

  

Beneficial Use Existing Likely / Potential Unlikely 

Water dependent ecosystems and species that are highly modified 

On-Site    

Off-Site    

Human consumption after appropriate treatment 

On-Site    

Off-Site    

Agriculture and irrigation 

On-Site    

Off-Site    

Human consumption of aquatic foods 

On-Site    

Off-Site    

Aquaculture 

On-Site    

Off-Site    

Industrial and commercial 

On-Site    

Off-Site    

Water-based recreation (primary contact) 

On-Site    

Off-Site    

Water-based recreation (secondary contact) 

On-Site    

Off-Site    

Water-based recreation (aesthetic enjoyment) 

On-Site    

Off-Site    

Traditional owner cultural values 

On-Site    

Off-Site    

Cultural and spiritual values 

On-Site    

Off-Site    
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6.3 Site-specific beneficial uses 
The land use has been classified with regard to beneficial uses as follows 

 General administration, Medical services, and other businesses in the main operating area– industrial and 
commercial 

 Base child care centre – low density residential 

 Golf course – Public open space 

 International School of Languages and Defence International Training Centre – industrial and commercial 

 Landfills– Public open space 

 On-Site temporary residences – high and low density residential 

 Off-Site residences – high and low density residential 

 Sensitive land use areas (e.g. parks, sporting reserves, creeks and wetlands) – public open space 

 Off-Site industrial and commercial precincts – industrial and commercial 

6.4 Relevant standards and guidelines 
In January 2018, the Heads of EPAs issued the PFAS National Environmental Management Plan (PFAS 
NEMP), which provided interim soil screening levels for protection of ecosystems. These criteria were used 
for evaluating results from the DSI. The guidance documents and standards used to inform the sampling 
program are listed below: 

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

 PFAS National Environmental Management Plan (NEMP, January 2018) - Heads of EPAs Australia and 
New Zealand (HEPA) 

 Guidance on Per and Polyfluoroalkyl (PFAS) in Recreational Water (National Health and Medical 
Research Council (NHMRC), 2019) 

6.5 National and International Guidelines 
There are considerable knowledge gaps in the current understanding of the risks posed to human and 
ecological receptors by PFAS. The guideline values have been revised during the investigations and 
expected to undergo further revisions as understanding of human health and ecological impacts are 
improved. Currently, guideline values are only available for PFOS, PFOA, PFHxS (often grouped with PFOS) 
and 6:2 FTS. Guideline values are not currently available for the other 24 PFAS compounds that were 
analysed, and it is to be highlighted where non PFOS/PFOA/PFHxS PFAS compounds make a substantial 
contribution to the PFAS identified. This section briefly summarises the current state of PFAS guidelines. 

6.5.1 Soil 
Soil quality assessment criteria for the protected beneficial uses of land are specified in SEPP PMCL (Table 
2). This table specifies that objectives for human health and MoE beneficial uses must be sourced from the 
NEPM (NEPC, 2013). The objectives for food, flora and fibre beneficial use must consider guidelines in the 
FSANZ Code. As criteria or guidelines for PFAS in soils have not been specified in the NEPM or the FSANZ 
Code, the assessment criteria have been adopted from other risk-based sources. This is the same approach 
used in the NEPM and/or FSANZ Code. 
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Human Health 
The PFAS National Environmental Management Plan (NEMP, January 2018) - Heads of EPAs Australia and 
New Zealand (HEPA) contains human health screening values (HHSV) for PFOS/PFHxS and PFOA in 
sensitive (residential), public open space, and industrial / commercial land use categories. These values are 
summarised in Table 6-6. 

These guidance values were based on 20% of the FSANZ (2017) Total Dietary Intake, which assumes 80% 
of exposure is assumed to come from other pathways. The details of the assumptions behind the derived 
values are provided the NEMP. 

It should be noted that the public open space land use scenario makes assumptions for playing fields and 
footpaths, which is relevant to areas on-Site. However, it does not include urban bushlands and reserves, 
which require Site-specific assessment. 

The NEMP HHSVs for industrial / commercial land use have been adopted for the assessment of exposures 
by construction and/or maintenance workers on-Site. These are conservative guidelines assuming workers 
are exposed to PFOS + PFHxS and PFOA in soil and dust via ingestion, dermal contact and inhalation, 
every work day (240 days per year) for 30 years, whereas in reality the exposure duration that may occur 
during excavation or like intrusive works is considerably lower. In support of this, it is identified that the health 
screening level for direct contact with non-volatile total recoverable hydrocarbons (TRH C16-C34) in soil is 
27,000 mg/kg for a commercial/industrial worker and 85,000 mg/kg for an excavation worker (CRC CARE 
2011). This is because although excavation workers may have a higher exposure to soil than 
commercial/industrial workers, this only occurs for a short period of time and on an infrequent basis. 
Accordingly, from an exposure duration perspective the NEMP HHSVs for industrial / commercial land use 
provide a further three-fold factor of conservatism in the context of exposure risks to an excavation worker. 

Ecological  
The NEMP (HEPA, 2018) contains interim soil environmental guideline values (EGV) for public open spaces 
(direct exposure) and residential/parkland and industrial/commercial (indirect exposure) land uses. These 
values are summarised in Table 6-6. 

The direct exposure guidance values for PFOS and PFOA are interim values based on the human health 
public open space screening value. This value is under review based on exposure criteria proposed by CRC 
Care (2017). 

The indirect exposure guidance values were sourced from the risk-based approach outlined in Environment 
and Climate Change Canada (2017), Draft Federal Environmental Quality Guidelines Perfluorooctane 
Sulfonate (PFOS), Government of Canada, April 2017. These indirect exposure pathways are for PFOS only. 
The residential and parkland value relates to soil ingested by a secondary consumer. The commercial and 
industrial value relates to the concentration in coarse soil that is expected to protect against potential impacts 
on freshwater life from PFOS that may enter the groundwater and then discharge to a surface water body. 
This value has been applied in lieu of values relating to marine life. 

6.5.2 Groundwater and surface water 

Human Health 
Health-based guidance values are used to investigate and assess potential human health risks and were 
used for setting human health-based screening criteria. 

The NEMP (HEPA, 2018) contains human health guidelines (PFOS/PFHxS and PFOA) for drinking water 
and recreational water. The Defence Contamination Directive (DCD) #8 (Version 2) released in March 2018 
also aligns with these screening guidelines. The National Health and Medical Research Council published 
updated guidance for recreational waters with more detailed assumptions on exposure frequency. These 
values are summarised in Table 6-6. 

These guidance values were based on recommendations by the Australian Government Department of 
Health (2017). There is a significant degree of conservatism in the drinking water and recreational water 
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guidance values (which assume a lifetime of consumption), in which 90% attributed to other exposure 
pathways. This means that exceeding these values does not constitute a risk if other pathways are 
controlled. The exposure scenario for drinking water screening levels is lifetime consumption of 2 L of water 
each day, and recreational water assumes 0.2 L of water each day. The NHMRC (2019) decreases the level 
of conservatism in surface water guidance values by assuming a reduced exposure frequency of 150 times 
per year rather than exposure every day. 

It is noted that Agriculture and Irrigation (stock watering) criteria that have been derived by other consultants 
for this use in suburban areas (1 μg/L – 17 μg/L PFOS + PFHxS)13. 

Ecological 

Freshwater 
The PFAS NEMP (HEPA, 2018) contains ecological guidelines (PFOS/PFHxS and PFOA) for the freshwater 
exposure scenario. These values are summarised in Table 6-6. These guidance values were based on the 
ANZECC technical draft guidelines for fresh and marine water quality.  

Marine 
The PFAS NEMP (HEPA, 2018) advises that freshwater values are to be used on an interim basis as final 
marine guideline values have not been set using the nationally-agreed process under the Australian and 
New Zealand Guidelines for Fresh and Marine Water Quality. The Water Quality Guidelines further advise 
that in the case of estuaries, the most stringent of freshwater and marine criteria apply, taking account of any 
available salinity correction. 

6.5.3 Sediment 
There is a gap in the current knowledge relating to human health and ecological impacts caused by 
contaminated sediment. The only published guideline values relate to the predicted no effect concentration 
for sediments in freshwater and marine environments, which were developed by the Environment Agency 
UK. The reported PFOS values were 67 µg/kg for freshwater and 6.7 µg/kg for marine environments (EA UK 
2004). These values have been provided for indicative purposes and no reliance has been placed on them 
as sediment screening levels. 

The main concerns associated with sediment contamination include the potential for; 

 Human health risk of direct contact with sediment during construction works 

 Sediment to become a secondary source of PFAS  

 Sediment and/or pore water concentrations to be a direct toxicity risk to ecological receptors 

The data gap relating to the human health risk, direct ecotoxicological risk and remobilisation from sediments 
mean that no screening criteria have been adopted for these pathways. Any detects of PFAS in sediments 
were assessed in conjunction with surface water results in that area. 

6.6 Adopted screening criteria 
The adopted screening criteria for different exposure scenarios are summarised in Table 6-6. It should be 
noted that these screening criteria are for risk assessment purposes only and should not be interpreted as 
action levels for remediation. 

 
13 The Site Auditor has advised of the use of a 1 ug/L criterion was related to protection of the health of people eating eggs from 
chickens provided with water of that quality and a 17 ug/L criterion that relates to the protection of the health of horses. This is similar to 
the value of 13 – 34 ug/L used for the no effect level range for livestock in the Environmental Audit for the Country Fire Authority 
Penshurst site (Niboi Consulting 2015)  
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Table 6-6    Summary of adopted Tier 1 screening criteria for PFAS contamination 

Exposure Scenario PFOS PFOA 6:2FTS Guidance Original references 
SOILa (mg/kg)   

Residential with garden / accessible soil 
(HEPA 2018 HBGV SOIL A) 0.009b 0.1 - HEPA (2018)a Based on FSANZ TDI 

(2017)  
Residential with minimal opportunities for 
soil access (HEPA 2018 HBGV SOIL B) 2b 20 - HEPA (2018) Based on FSANZ TDI 

(2017)  
Public Open Space / Playing Fields 

(HEPA 2018 HBGV SOIL C) 
1b 10 - HEPA (2018) Based on FSANZ TDI 

(2017) 

Industrial / commercial 
(HEPA 2018 HBGV SOIL D) 20b 50 - HEPA (2018) Based on FSANZ TDI 

(2017)  
Interim ecological direct exposure for Public 

open space (EGV 1) 1 10 - HEPA (2018) Based on FSANZ TDI 
(2017) 

Interim ecological indirect exposure for 
Residential Land Use (EGV 2) 0.01 - - HEPA (2018)  ECC Canada (2017) 

Interim ecological indirect exposure for 
Industrial / Commercial Land Use (EGV 3) 0.140 - - HEPA (2018)  ECC Canada (2017) 

GROUNDWATER (µg/L)   
Human Health - Drinking Water Quality 

Guideline14 0.07b 0.56 - HEPA (2018) Department of Health 
(2017) 

Ecological Refer to surface water ecological guidelines 
SURFACE WATER (µg/L)   

Human Health - Surface Water Recreational 0.7b 5.6 50 HEPA (2018) 
Dept. of Health (2017) 

Jarman et al (2014) 

Human Health – Surface Water Recreational  2b 10 - NHMRC 
(2019)  

Human Health - Drinking Water Quality 
Guideline 0.07b 0.56 - HEPA (2018) Department of Health 

(2017) 

Fresh Water / Marine 
(90% species protection) 2 632 - HEPA (2018) 

ANZECC technical 
draft guidelines for 
fresh and marine 

water quality 

Fresh Water / Marine 
(95% species protection) 0.13 220 - HEPA (2018) 

ANZECC technical 
draft guidelines for 
fresh and marine 

water quality 

Fresh Water/ Marine 
(99% species protection) 0.00023c 19 - HEPA (2018) 

ANZECC technical 
draft guidelines for 
fresh and marine 

water quality 
DIET µg/kg bw/day   

Total Dietary Intake 0.02b 0.16 - HEPA (2018) 
FSANZ (2017) 

DoH (2017) 
a Defence Contamination Directive #8 Version 2 aligns with NEMP (HEPA, 2018), b Combined PFOS/PFHxS, c practical screening 
guideline of 0.001 µg/L based on typical current laboratory limit of reporting, d Child exposure scenario, e Based on children 2-6 years 
old. Note that waste soil containing more than 50 mg/kg of PFOS or PFOA must be managed in accordance with the Stockholm 
Convention requirements. 

It is anticipated that guidance values will become available for other PFAS compounds, but these are not 
currently available, and no screening criteria have been applied to these compounds. The high level detects 
(especially above current PFOA guidelines) are to be highlighted. 

 

 
14 Drinking Water screening guidelines have been adopted for preliminary screening purposes for industrial water use, stock water use 
and agriculture/ parks / gardens water use. 
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7 Fieldwork, laboratory and analysis methodology 

7.1 Data Quality Objectives 

7.1.1 Data quality objectives 
The Data Quality Objectives (DQO) for this DSI were adopted based on guidance outlined in Appendix B of 
Schedule B2 of the ASC NEPM (2013), and the US EPA (2000, 2006) documents Guidance for the Data 
Quality Objectives Process and Data Quality Objectives for Hazardous Waste Site Investigations and 
Guidance on Systematic Planning. This outlines a seven-step process to contaminated Site assessment and 
collecting data of a suitable quality upon which to draw meaningful conclusions. Section 9.2provides a 
summary of data quality indicators with further details included in Appendix H. 

The DQOs for the DSI have been prepared in line with this DQO process and are presented in the seven-
step DQO approach in Table 7-1. 

Table 7-1   Data quality objectives 

Process Response 

Step 1: State the 
Problem 

Previous investigations report that PFAS associated with the use of AFFF at the Site has 
impacted soil, surface water and groundwater. However, the nature and extent of AFFF 
impacted media and the risk posed by the PFAS impact on human health and the 
environment (particularly off-Site) has not been fully evaluated. Accordingly, a comprehensive 
investigation was commissioned to delineate the nature and extent of PFAS contamination 
both on- and off-Site and to evaluate whether the PFAS impact poses an unacceptable risk to 
human health and / or the environment. 

Our approach to the comprehensive investigation was to undertake these works in a staged 
approach (which generally aligns with guidance provided by the ASC NEPM) whereby each 
stage of works seeks to build upon the results, findings and understanding of Site 
contamination conditions developed from the previous stage. This process was undertaken 
until there is sufficient information to evaluate whether the PFAS impact poses an 
unacceptable risk to human health and / or the environment.  

Step 2: Identify the 
Decision / Goal of the 
Study 

The fundamental goal of the study was to determine the nature and extent of AFFF PFAS 
impacted media and the risk posed by such impact to human health and / or the environment, 
and the requirement to undertake further, more detailed Site-specific risk assessment studies 
and / or implement strategic Site management strategies. 

The specific goals of the DSI works program included: 

 Confirmation of groundwater quality and levels to evaluate the direction of groundwater 
flow underlying the Site 

 Determination of background and terrestrial Site boundary conditions, including the 
presence or absence of off-Site sourced PFAS in surface water and groundwater 
flowing onto the Site, soils and groundwater at anticipated up-hydraulic gradient 
terrestrial Site boundaries 

 Determining the presence or absence of PFAS contamination at on-Site former areas of 
use  

 Determination of the presence or absence of AFFF sourced PFAS impacts in surface 
water and sediment anticipated in surface transport pathways and anticipated deposition 
zones, including on-Site/off-Site creeks and drainage lines. 

 Establishing whether off-Site migration of AFFF-sourced PFAS has occurred or is 
occurring and evaluate the mechanisms by which such migration has occurred. 

 Determine through the application of Tier 1 risk screening guidelines whether further, 
more detailed Site-specific risk assessment is required and / or the implementation of 
strategic Site management measures. 
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Process Response 

Step 3: Identify the 
Inputs to the Decision 

The primary inputs required included: 

 Relevant background data on-Site history and any relevant data obtained from previous 
investigations 

 Preliminary CSM that describes sources, pathways and receptors 

 New data collected, and observations made during fieldworks 

 Findings from field investigations, including field methods, such as sampling, sample 
storage and preservation, laboratory methods, quality control (QC) and quality 
assurance (QA) 

 Results of chemical analysis of samples collected 

 Statistical interpretation of new and existing datasets 

 Adopted assessment criteria for sampled media 

Step 4: Define the 
Boundaries of the 
Study 

The investigation area for the DSI works was identified as the former extents of RAAF 
Williams (Laverton) Base (430 ha total), and the Skeleton Creek and Laverton Creek off-Site 
sampling sites.  

The area for intrusive works (including the recovery of off-Site soil, surface water, 
groundwater samples, or other relevant media) increased beyond the cadastral terrestrial 
boundary of the Site to assess background conditions and potential historical off-Site sources 
Vertically, the study boundary was from ground surface to an approximate depth of 23 m. 
There are no temporal boundaries for this investigation.  

Sampled media include soil, sediment, surface water, groundwater and porewater.  

Step 5: Develop a 
Decision Rule 

From a holistic perspective Aurecon needed to be satisfied (and in turn needs to satisfy 
relevant project stakeholders including Defence and the environmental auditor) that the data 
(field and laboratory) is of sufficient quality and completeness to be able to draw meaningful 
and robust conclusions in respect of the stated key project objectives. 

Matters that were considered included: 

 Is data of acceptable quality for interpretive purposes? 

 Is there an appropriate level of understanding of background concentrations to inform 
the investigation outcomes? 

 Has sufficient environmental data been collected to address the study objectives?  

 Are there potentially unacceptable risks to human health and / or ecological receptors 
on-Site or off-Site because of exposure to PFAS impacted media?  

 Has the nature and extent of Site-derived PFAS impacts been determined to the extent 
necessary to inform the undertaking of an HRA or ERA? 

These matters were critically examined through application of the data quality indicators 
(DQI) articulated by the ASC NEPM. 

Step 6: Specify 
Tolerable Limits on 
Decision Errors 

Data quality indicators (DQI) of precision, accuracy, representativeness, comparability and 
completeness were used to assess the reliability of both field procedures and analytical 
results, consistent with the guidance provided by the ASC NEPM and the PFAS NEMP. 

Acceptance limits for field data and field work activities were primarily of a qualitative nature 
and are detailed in Table 7-2.  

Acceptance limits for laboratory data were both of a qualitative and quantitative nature. The 
quantitative and qualitative measures employed to satisfy these parameters are detailed in 
Table 7-3. 
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Process Response 

Step 7: Optimise the 
Design for Obtaining 
Data 

The DQOs for this DSI were specifically constructed to provide a framework for all phases of 
the intrusive works contracted by Defence for the conduct of the DSI.  

Their inception involved prior assessment of existing reports and other desktop information, 
and collection of up to date data from the existing monitoring well network and surface water 
bodies both on- and off-Site. This information helped contribute to the sampling plan, which 
identified existing data gaps in the Site knowledge and understanding of the associated risks 
relating to legacy PFAS issues on base.  

Hence, the sampling plan helped optimise the design on which further DSI works were 
planned, which are detailed herein. The sampling plan was intended as a ‘living’ document to 
be amended and revised when new information relevant to the undertaking of the DSI was 
identified (further details regarding the SAQP are outlined in Section 7.2). 

 

From the perspective of developing decision-making rules around the treatment of analytical data, and to be 
consistent with the approach advocated by the ASC NEPM, PFAS concentrations reported in any media in 
excess of the Tier 1 screening criteria (refer Section 6) were considered in the context of the CSM and the 
objectives of the DSI program. In circumstances where the exceedances are minor or trivial this may result in 
the subsequent undertaking of a qualitative risk assessment. Where the exceedances are more than minor 
or trivial, this may result in the undertaking of a quantitative risk assessment.  

The absence of PFAS in the targeted media was determined by relevant concentrations of target PFAS 
being reported below the respective laboratory limits of reporting (and accordingly below the adopted Tier 1 
screening criteria).   
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7.1.2 Data quality indicators for field data 
The DQIs for the assessment are presented in Table 7-2. 

Table 7-2   Data quality indicators for field data 

DQI Performance Standards Acceptable Criteria 

Precision Were the SOP appropriate and complied 
with? 

If not, the impact of any departures on the 
DQO(s) were considered and reported. 

Accuracy Were the SOP appropriate and complied 
with? 

If not, the impact of any departures on the 
DQO(s) were considered and reported. 

Representativeness Were appropriate media sampled in 
accordance with the SAQP? 

If not, the impact of any departures on the 
DQO(s) were considered and reported. 

Completeness 

Were all critical locations sampled? If not, the impact of any departures on the 
DQO(s) were considered and reported.  

Were all samples collected from required 
locations and depth? 

Were standard operating practices 
adopted? 

Was sampling completed by an 
experienced sampler? 

Is the sampling documentation complete 
and correct? 

Were all critical locations sampled? 

Comparability 

Were standard operating practices 
adopted? 

If not, the impact of any departures on the 
DQO(s) were considered and reported. 

Was sampling completed by an 
experienced sampler? 

Were climatic conditions similar? 

Were the same types of samples 
collected? 
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7.1.3 Data quality indicators for laboratory data 
The DQIs for the assessment of laboratory data are presented in Table 7-3. 

Table 7-3   Data quality indicators for laboratory data 

DQI Performance Standards Acceptable Criteria 

Precision 

Collection and analysis of intra-laboratory 
duplicate samples and calculation of Relative 
Percent Differences (RPD) between the 
duplicate and primary samples 

Collection and analysis of inter-laboratory 
duplicate samples and calculation of RPD 
values between the primary and duplicate 
samples 

RPD values were considered acceptable if 
they are below 30% relative difference. 
RPD’s which exceed this range may be 
considered acceptable where: 

 Results are less than 10 times the 
LOR; 

 Results are less than 20 times the 
LOR and the RPD is less than 50%; 
OR 

Heterogeneous materials are encountered. 

Accuracy 

The closeness of the reported data to the 
“true” value is assessed through review of the 
performance of: 

 Method blank samples 

 Matrix spike and matrix spike duplicate 
samples 

 Laboratory control samples 

 All method blank samples below the 
LOR for all analytes 

 MS and MSD sample RPD’s within 
30% 

 LCS results ranging from 70% to 
130% recovery 

Representativeness 

To ensure the data produced by the laboratory 
is representative of conditions encountered in 
the field, the following measures were 
implemented: 

 Blank samples were run in parallel with 
field samples to detect laboratory 
analytical artefacts 

 Review of lab and field RPD’s to reveal 
discrepancies in analytical methods (if 
any) 

The appropriateness of sample collection 
methodologies, handling, storage and 
preservation techniques were assessed to 
ensure interference is minimised 

 All blank sample results below the 
LOR 

 All RPDs within acceptable control 
limits 

All sampling conducted in accordance with 
ASC NEPM and Australian Standards as 
appropriate 

Completeness 

 Appropriate sampling procedures to be 
used 

 Experienced field team to undertake 
preliminary investigation 

 Correct documentation to be completed 

 All required samples analysed 

 Appropriate methods 

 Appropriate laboratory Level of 
Reporting (LORs) 

 Sample documentation correct 

 Sample holding times in compliance 

Comparability 

 Correct sample procedures used at each 
location 

 Experienced field team 

Same type (medium, volume and sampling 
technique) of samples collected 

 Same analytical methods used 

 Appropriate LORs 

 Samples submitted to the same 
NATA accredited laboratory 

Analytical data is presented in the same 
units 
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7.2 Sampling, Analysis and Quality Plan (SAQP) 
A sampling, analysis and quality plan (SAQP) was prepared to support the field works for this DSI. The 
SAQP was intended as a ‘living’ document to be amended and revised when new information relevant to the 
undertaking of the DSI was identified. The initial SAQP was endorsed by the Site Auditor on 1 October 2018. 
Subsequent addendums to the SAQP were on 31 May 2019 to address the data gap for high rainfall event 
surface water sampling and on 16 December 2019 to address data gaps including elevated concentrations 
around the Former GEMS compound. 

The purpose of the SAQP was to guide field investigations at RAAF Williams Laverton with regard to 
obtaining results that are defensible, reliable and representative of the nature and extent (both laterally and 
vertically) of impact by PFAS. These results were used to evaluate whether a human-health risk assessment 
(HHRA) and / or an ecological risk assessment (ERA) needed to be undertaken. An ‘early works’ fieldwork 
program was implemented, which included groundwater (72 existing monitoring wells) and surface water and 
sediment (17 locations) monitoring, was used to inform the development of the SAQP.  

The SAQP was prepared in general accordance with the requirements of the ASC NEPM, PFAS NEMP and 
relevant Defence Guidance documents. The DSI works were likewise undertaken in general accordance with 
the requirements of the ASC NEPM and relevant Defence Guidance documents.  

The SAQP and the subsequent conduct of the intrusive DSI was designed to achieve prioritisation of those 
works described by Defence as the ‘outward-in’ sampling approach, which seeks to identify potential off-Site 
risks and / or impacts as a matter of priority over the delineation of known or suspected on-Site risks and / or 
impacts. The ‘outside-in’ approach refers to the installation of groundwater monitoring wells on the boundary 
of the Site in conjunction with further assessment of source delineation. The sampling approach was 
targeted (judgemental) with some gridded (systematic) sampling. This approach is not inconsistent with the 
operation of the ASC NEPM and once all contracted works were complete the overall approach meets the 
desired intent and end points of the ASC NEPM. Further detail on the sequencing of DSI works relevant to 
the requisite matters to satisfy the general ASC NEPM are presented in Section 8. 

7.3 Quality Assurance and Quality Control 
Quality control procedures were designed to both increase sample data quality and help interpret 
discrepancies in results. Work was conducted in accordance with industry-accepted standards and quality 
assured procedures. Field quality control included rigorous sample collection, decontamination procedures 
(where appropriate), and sample documentation. As each sample was collected, it was labelled with a 
unique sample identifier, the initials of the sampler, the date and the project number. All sample jars were 
filled leaving no headspace and placed immediately into ice-filled cooler boxes. All samples were transported 
in ice-filled coolers to prevent degradation of organic compounds. Chain of Custody (CoC) documentation 
was completed, with data including sample identification, date sampled, matrix type, preservation method, 
analyses required.  

Data quality assessment for the DSI (field and laboratory protocols) is presented in Section 9 of this report. 

7.4 Sampling methods 
The methods for the following sampling activities are further detailed in Appendix B: 

 Monitoring well installation and soil sampling 

 Groundwater sampling 

 Surface water sampling 

 Sediment sampling 

 Porewater sampling 

 Chicken egg sampling 

A brief summary of each of these sampling methods is presented in this section. 
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7.4.1 Monitoring well installation and soil sampling 

Monitoring well installation 
Installation of groundwater wells and subsequent soil sampling was conducted by APEX Drilling under the 
supervision of Aurecon environmental scientists who are trained and experienced in the supervision of 
drilling activities and soil sampling. Soil samples were collected where new groundwater wells were installed. 
These were targeted at potential sources identified in the SAQP to delineate potential pathways and 
receptors of PFAS. 

Based on prior on-Site drilling, the water table was expected to be approximately 5 m bgl. Boreholes were 
therefore nominally drilled to 10 m bgl. Bores were fitted with 3 – 6 m screens installed within the upper 
Newer Volcanics Aquifer.  

The locations of groundwater monitoring wells installed during this DSI (MW100 to MW137 series wells) are 
shown in Appendix A - Figure 12. 

Soil sampling 
All soil samples were collected by suitably qualified Aurecon environmental scientists. Soil samples were 
collected in tandem with the monitoring well installation program. These samples were taken from either the 
solid stem auger or RAB drill cuttings. Additional samples from the Secondary Fire Training area and the Wet 
Testing area were also collected during a targeted soil bore program. All drill rods and non-disposable 
equipment were washed down and decontaminated between drilling Sites.  

Samples were collected by hand using dedicated nitrile gloves for each sampling horizon. Soil samples were 
collected from each bore at the surface, 0.5 m, 1.0 m, 2.0 m and each metre interval below ground to the 
bottom of the bore within the soil horizon. Where olfactory evidence of contamination was observed (such as 
odour), additional samples were collected. Cuttings were also field screened with a photo-ionisation detector 
(PID).  

Samples from within the Secondary Fire Training Area and Wet Testing Area were collected using single-use 
‘push tube’ plastic liners. The liners were cut open for logging purposes and to collect soil samples. Single-
use nitrile gloves were used for the collection of each sample. All soil samples were collected directly into 
250 ml soil jars, which were labelled and immediately stored on ice.  

Surface soil samples were collected by using a hand trowel and nitrile gloved hand from a depth of between 
0 and 10 cm. the hand trowel was washed down and decontaminated between sample locations. 

Sampling containers were laboratory supplied and made from high-density polyethylene (HDPE) with 
polypropylene lids. Where plastic sampling equipment was used, HDPE materials were also used and 
rinsate samples were collected as a means of validating the absence of PFAS.  

Samples for the non-PFAS analytical suite were collected in laboratory supplied glass jars and at a rate of 1 
in 5 sampling intervals.  

The locations of each soil bore and monitoring well are shown Figure 12 of Appendix A. Field photographs of 
the sampling program are provided in Appendix D.  

7.4.2 Groundwater sampling 
The subsequent groundwater sampling was conducted by Aurecon environmental scientists who are trained 
and experienced in groundwater investigations. Groundwater sampling was undertaken in accordance with 
Aurecon’s Standard Operating Procedures for Low-Flow sampling operations, which are based on accepted 
industry practice for groundwater sampling projects. Samples were collected per PFAS NEMP guidelines, 
AS/NZS 5667.11. 

Dedicated nitrile gloves were used for the collection of each sample. All groundwater samples were collected 
directly into 500 mL PFAS specific bottles, which were labelled and immediately stored on ice. Sampling 
containers and tubing were laboratory supplied and made from HDPE plastic, fitted with a polypropylene 
screw-cap. 
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The locations of groundwater samples are shown on Figure 12 of Appendix A. 

7.4.3 Surface water sampling 
Surface water sampling was conducted by Aurecon environmental scientists who are trained and 
experienced in surface water investigations. The surface water samples were collected using 500 mL PFAS 
specific bottles, either hand held or using a dipper with an extension pole. Samples were taken from at least 
0.1 m below the water surface and at least 0.1 m above the sediment bed. Samples were collected per 
PFAS NEMP guidelines, AS/NZS 5667.4 and AS/NZS 5667.6. 

New nitrile gloves were used for the collection of each sample. All surface water samples were collected 
directly into sample bottles, which were labelled and immediately stored on ice. Sampling bottles were 
laboratory supplied and made from HDPE plastic, fitted with a polypropylene screw-cap. 

The locations of surface water samples are shown on Figure 12 of Appendix A. 

7.4.4 Sediment and porewater sampling 
Sediment and porewater sampling was conducted by Aurecon environmental scientists who are trained and 
experienced in sediment and porewater sampling. Sediment and porewater samples were collected at the 
same locations for comparison purposes. Sediment samples were collected from the subsurface 
(0.1 – 0.2 m bgl) by hand using dedicated nitrile gloves and a spare PFAS sampling jar as a scoop. No 
equipment was re-used between sampling sites. Sediment samples were collected in accordance with 
CSIRO (2005) Handbook for Sediment Quality Assessment. 

Sediments within the Wet Testing Area were collected from build-up within the concrete trenches covered by 
metal grills. 

Porewater samples were extracted from waterbody sediments with a large zip-lock bag via direct filling and a 
sediment sample container. Single-use nitrile gloves were used for the collection of each sample, which were 
then labelled and immediately stored on ice.  

The locations of sediment and porewater sampling sites are shown on Figure 12 of Appendix A. 

7.4.5 Chicken egg sample 
Chicken egg samples were collected under the direction of Aurecon environmental scientists by Base staff 
from the chicken coop and labelled with the date of collection. There samples were refrigerated and then 
transferred the following day to suitable qualified Aurecon environmental scientists. Chicken egg samples 
were transferred to a labelled padded container for transport to the laboratory where the edible portion (yolk 
and albumin) were analysed for the full PFAS suite. 

7.5 Analytical program 
The analytical program for the DSI works is detailed in Appendix H.  
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7.6 Data management and analysis methods 

7.6.1 Data management 
Field and analytical data was collected, processed and managed in the EQuIS Environmental Data 
Management System. The EQuIS data management system enforces a series of data integrity requirements 
designed around protecting the integrity, quality and reliability of data processed into it. This helps ensure 
that the data reported is suitable for interpretive purposes. 

Field data was collected using the EQuIS Data Gathering Engine (EDGE), a companion program to the 
EQuIS data management system designed to collect, record and organise all data and information 
generated during fieldworks. The following data types were recorded in EDGE: 

 Easting and northing coordinates, elevations and location data of all boreholes, groundwater monitoring 
wells and surface water locations from which samples were collected. Survey data from survey activities 
was also included in the EDGE data collection 

 Lithology and geology data and hole observations collected during borehole drilling 

 Water level data for monitoring wells during groundwater monitoring 

 Aquifer testing results 

 Water quality parameters for groundwater and surface water samples 

 Depth range of sample collection in each borehole and monitoring well 

 Sample names, locations, types and chain of custody information for all samples 

This information was consolidated into Electronic Data Deliverables (EDD) and uploaded to the EQuIS 
database on completion of each fieldworks event. Laboratory analytical results were received from the 
testing labs as EQuIS EDD’s and processed into the database on receipt.  

This information was then combined with the field data to form the complete dataset. Assessments of 
completeness were conducted after uploading each EDD to ensure that data had been processed correctly 
in its entirety and that laboratory reports and data outputs were functioning correctly. Where errors were 
found in data files these were corrected to conform to the EQuIS data integrity requirements prior to upload. 
Once processed into the database and checked for completeness, that data formed the true and accurate 
record and all subsequent reports, analyses and interpretations were drawn from data contained in the 
EQuIS database only. Data presented on GIS figures was sourced from the EQuIS database to preserve 
data integrity. 

The laboratory and field results were also uploaded to the Defence ESdat website in accordance with 
Defence Contamination Management Manual Annex L Guidance on Data Management (July 2018, amended 
August 2019).
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8 Sample design 

8.1 Site investigation rationale 
The investigation program seeks to follow the science with regards to understanding the nature and extent of 
PFAS AFFF contamination, and the risk to human health and ecological receptors, to the extent necessary to 
inform the preparation of a PFAS Management Area Plan (PMAP). 

For context; the purpose of the PMAP is to provide high level guidance to avoid or minimise exposure to 
PFAS contamination from Defence property to human and ecological receptors within and beyond the 
Defence property boundary. In doing so, Defence seeks to prioritise the following combination of measures: 

1. Implementing practicable solutions to prevent or minimise the migration of PFAS beyond the Defence 
property boundary through: 

 reducing the mass of the PFAS contamination source, and/or 

 blocking or diverting the migration pathway of the contamination from the source to a receptor 

2. Working to protect the community from exposure while management actions addressing source areas 
and/or migration pathways are underway. 

The intrusive works program seeks to build upon the existing body of knowledge and address the identified 
data gaps. The on-Site intrusive works program has been designed (in part) to conduct works described by 
Defence as a matter of priority. This followed the ‘outward-in’ sampling approach for the current Site extent. 
This “outward-in” approach also traces back from likely receptors of concern, such as Skeleton Creek. There 
were some constraints to the “outward-in” approach including access issues, as well as trying to anticipate, 
the extent of the PFAS plume(s) in the variably fractured Newer Volcanics Aquifer. This sought to identify 
potential off-Site risks and/or impacts as a priority over the delineation of known or suspected on-Site risks 
and/or impacts. This approach was generally targeted (judgemental) sampling with some gridded 
(systematic) sampling around potential and known source areas. 

8.2 Sampling program  
The sampling locations and number of samples at each location were determined in general accordance with 
the following: 

 Preliminary CSM (Aurecon SAQP, September 2018) 

 AS/NSZ 4482.1 – 2005 Guide to the investigation and sampling of sites with potentially contaminated soil 
Part 1: Non-volatile and semi-volatile compounds 

 ASC NEPM – Schedule B2: Site Characterisation  

 PFAS NEMP 

 Site accessibility constraints including landowner permissions for off-Site sampling 

 The location of underground and overhead services 

A summary of the program of works for the DSI is provided in Table 8-1. The intrusive works program 
included both on and off-Site investigations, which were scheduled as part of the same package of works in 
general accordance with the ‘outward-in’ approach to identify off-Site risks as a matter of priority, as well as 
gaining a greater understanding of the on-Site risks. That is, a monitoring well network was completed 
around the perimeter of the original Site boundary in order to fill data gaps and establish further uncertainties 
around risks to off-Site receptors.  
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Table 8-1   Program of works 

Activity Date 

Site induction 31 August 2018 

Underground service location On-Site:          24-25 October 2018 
On-Site:          19 November 2018 
Off-Site:          25 June 2019 
Off/on-Site:       9 January 2020 
On-Site:          15 January 2020  
On-Site:          17 January 2020 

Groundwater monitoring well 
construction 

On-Site: 
Round 1:  1 to 9 November 2018 
Round 2:  21 to 30 January 2019 
Round 3:  16 to 17 January 2020 
Off-Site: 
Round 1:  19 June to 8 July 2019 
Round 2:  13 to 15 January 2020 

Groundwater well development Following construction 

Groundwater sampling Round 1: 1 to 17 August 2018 (71 wells gauged / sampled) 
Round 2 4 to 6 February 2019 (21 wells gauged / sampled) 
Round 3:  10 to 11 July 2019 (81 wells gauged only)  
 16 to 19 July 2019 (14 wells sampled / gauged) 
Round 4:  31 October 2019 (5 wells gauged / sampled) 
Round 5:  24 January 2020 (6 wells sampled / 10 wells gauged) 

Soil sampling  Round 1:  1 to 12 November and 2 December 2018 
Round 2:  21 January to 1 February 2019 
Round 3:  20 June to 4 July 2019 
Round 4:  31 October 2019 (surface soil sampling) 
Round 5: 13 to 21 January 2020  
Round 6:  3 March 2020 (surface soil sampling) 

Surface water, sediment and pore 
water sampling 

Round 1: 20 and 21 August 2018 
Round 2:  17 January to 5 February 2019 
Round 3  3 June 2019 (Storm event sampling) 
Round 4:  31 October 2019 (opportunistic surface water sampling) 

Chicken egg sampling Round 1: 2 to 5 April 2019 
 
An Environmental Clearance Certificate (ECC) was issued by the Regional Environment and Sustainability 
Officer (RESO) for RAAF Williams Laverton. Aurecon Safe Work Method Statements (SWMS) and daily 
“Take 5” Risk Assessments were completed prior to commencement of Site works. 

The conduct of off-Site intrusive field works was completed in consultation with the relevant landowners and 
land managers.  Council Permits, Traffic Management Plans and Site Environmental Management Plans 
were devised to consider Site-specific considerations for the intrusive parts of the field investigation.   
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8.3 Sample locations 
The sampling program aimed to adequately identify sources, pathways and mechanisms for PFAS transport, 
and for identification of the location and likely impacts to ecological and human receptors. The locations of all 
Site samples collected during the DSI field investigations are shown in Appendix A - Figure 12. These 
samples were collected to address the data gaps identified in Section 5 – Conceptual Site Model. 

8.4 Soil 
Aside from soil samples that were collected during the drilling of the additional groundwater monitoring wells, 
further soil samples were recovered from the surface and sub-surface at the Wet Testing Area, Air 
Movements (Western Finger area), Former Secondary Fire Training Area, the Defence International Training 
Centre (DITC) Building and the Base child care centre (refer to Appendix A – Figure 12). 

8.4.1 On-Site investigations 
On-Site investigations included the following: 

 Shallow soil bores to 1-2 m (or refusal) at boundary fences adjoining the off-Site residential dwellings 
adjacent to the former Air Movements Area (6 locations) and Wet Testing Area (9 locations)  

 Shallow soil bores to 1-2 m in an approximate grid at the Former Secondary Fire Training Area, now used 
as part of the on-Site golf course (10 locations) 

 Surface soil spot checks in the northern portion of Site targeting landfills (10 locations) 

 Surface soil and/or sediments around open drainage channels and observed discharge points 
surrounding the Wet Testing Area apron (2 locations) 

 Surface soil surrounding the DITC Training Centre building (2 locations) 

 Surface soil within the childcare centre where any exposed soil / grass surfaces may be present (4 
locations) 

 Surface soil surrounding the Former GEMS Compound (13 locations) and shallow soil bores (9 locations) 

 Surface soil at the indicative location of Old Sewage Farm (4 locations) 

The soil sampling locations were designed to address the following data gaps 

 Delineation of the nature and extent of impact around the former Air Movements and Wet Testing Area 

 The surface soil samples collected from soil bores around the former Air Movements Area and Wet 
Testing Area provide an indication of the lateral and vertical extent of soil impact beneath the concrete 
apron 

 These shallow soil samples focus on the area where AFFF may have been sprayed during testing of 
firefighting equipment, and the extent of soil impact beneath the concrete apron  

 Delineation of the nature and extent of impact around the Former Secondary Fire Training Area 

 Soil samples were collected from bores around the Former Secondary Fire training area and landfill 
(now a golf course) to provide indication of the vertical and lateral extent of soil impact 

 These shallow soil samples focus on the area where AFFF was sprayed onto a former landfill that was 
set on fire for training purposes, to assess the residual vertical and lateral extent of PFAS impact  

  Determination of the nature and extent of impacts around the DITC building and childcare centre 
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8.4.2 Off-Site Investigations 
Off-Site investigations included the following: 

 Soil samples were collected during the drilling of the off-Site groundwater wells within the extent of the 
former airfield (MW127-MW137), now Williams Landing, and hydraulically downgradient of main source 
areas (MW121-MW126)  

 The soil samples collected from the off-Site locations were used to opportunistically provide an indication 
of the lateral and vertical extent of soil impact near the former Primary Fire training area and surrounding 
runways and taxiways, and the area hydraulically downgradient of the Site  

 No systematic soil sampling was considered or undertaken within Williams Landing pending the result of 
the opportunistic sampling works and consideration of potential risk against the identified Tier 1 
investigation levels 

 In total, 14 boreholes were excavated with monitoring wells installed in the former Base extents and 6 
boreholes were excavated south of the Site (refer Appendix C for logs). Samples were collected from 
each borehole at the surface (0 – 0.1 m) and subsurface at 0.4 – 0.5 m, 0.9 – 1.0 m and every metre 
interval below ground level down to bedrock. If olfactory evidence of contamination was observed, 
targeted samples were also collected  

 Off-Site boreholes were drilled using a diamond core drill, and rock samples of the drill core were not 
collected for PFAS testing15. Where clay horizons were present in the rock profile of sufficient volume, 
samples were collected and noted on the bore logs 

8.5 Groundwater 

8.5.1 On-Site Groundwater Wells 
An additional 21 groundwater monitoring wells were installed within the current Base boundary (MW100 – 
MW120). The locations of the additional monitoring wells were designed to address data gaps identified in 
the preliminary CSM. In particular, to address an incomplete picture of information on groundwater entering 
and leaving Site up-gradient and down-gradient.  

The location of the newly installed wells is provided in Appendix A - Figure 17. The rationale for the need and 
location of these additional monitoring wells is identified in Table 8-2: 

Table 8-2    Monitoring well locations and rationale (on-Site) 

Well ID Location Rationale 

MW100 North-west corner of Air 
Movements Area 

Last reported training area for discharge of AFFF (anecdotal 
information from Site interviews). Location adjacent off-Site 
residential area. 

MW101 Northern boundary of Air 
Movements Area 

Last reported training area for discharge of AFFF (anecdotal 
information from Site interviews). Location adjacent off-Site 
residential areas of Williams Landing. Potentially down hydraulic 
gradient of current groundwater mound. 

MW102 North-east boundary of Air 
Movements Area 

Location adjacent off-Site residential areas of Williams Landing and 
down hydraulic gradient of the Wet Testing Area. 

MW103 – MW113 Southern and eastern Site 
boundaries 

Down hydraulic gradient Site boundaries. Assess the potential for off-
Site migration of PFAS impacted groundwater. 

MW114 and MW115 Northern Site boundary Up hydraulic gradient Site boundaries. Assess background 
groundwater quality entering Site. 

 
15 Diamond drilling method was chosen for the off-site bore holes to minimise noise and dust nuisance in residential suburbs. Rock chip 
samples were collected during the on-site drilling from air-hammer drill cuttings, but results reported little to no PFAS concentrations. 
Given this, it was decided under the SAQP that collecting rock samples was unnecessary 
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Well ID Location Rationale 

MW116 Western Site boundary 
Cross and potentially down hydraulic gradient of former secondary 
fire training ground. Adjacent western Site boundary and immediately 
adjacent to Kingwell Wetland 

MW117 North of Wet Testing Area 
Adjacent to reported training area for discharge of AFFF (anecdotal 
information from Site interviews) in an area of suspected discharge 
from north of the concreted area 

MW118 and MW119 Eastern Site boundary of 
Wet Testing Area 

Location adjacent to off-Site residential areas of Williams Landing. 
Assess potential impacts in an area reportedly used to discharge 
AFFF. 

MW120 Northern boundary of Air 
Movements Area 

Location adjacent to off-Site residential areas of Williams Landing. 
Assess potential impacts in an area reportedly used to discharge 
AFFF. 

MW138-MW140 South-Eastern corner of Site Location adjacent to Former GEMS Compound potential source area 
related to ad-hoc fire training and minor repairs of fire trucks. 

 

8.5.2 Off-Site Groundwater Wells 
An additional 14 groundwater monitoring wells were installed off-Site within the suburb of Williams Landing 
(MW127 – MW137) as well as down gradient from the Site off Triholm Avenue in Laverton (MW124 – 
MW126). Monitoring wells MW121 – MW123 were planned to be installed along the northern side of 
Skeleton creek, off Carinza Avenue further down-gradient from base, however these were not completed due 
to delays confirming work permits with Hobson’s Bay Council.  

The locations of the additional monitoring wells, as per the On-Site wells were designed to address data 
gaps identified in the SAQP. In particular, to address an incomplete picture of information on groundwater 
entering and leaving Site up-gradient from historical source areas and down-gradient.  

Table 8-3    Monitoring well locations and rationale (off-Site) 

Well ID Location Rationale 

MW121, MW122 and 
MW123 Adjacent to Skeleton Creek  

Location slightly up-gradient of Skeleton Creek. Designed to assess 
groundwater prior to discharging to Skeleton Creek. Downgradient of 
known impacts associated with Wet Testing Area and Air Movements 

MW124, MW125 and 
MW126 

Nature strip at the end of 
cul-de-sacs on Triholm 
Avenue, Crellin Avenue and 
Strezlecki Grove.  

Location adjacent to off-Site light industrial areas of Laverton and up-
gradient of Skeleton Creek. Designed to assess groundwater after it 
leaves Site prior to entering Skeleton Creek. Downgradient of known 
impacts associated with Wet Testing Area and Air Movements 

MW127, MW128 and 
MW129 

Nature strip adjacent to 
conservation areas on 
southern side of Ashcroft 
Avenue. 

Location adjacent to off-Site residential areas of Williams Landing 
and up gradient of natural wetlands, and down/cross gradient of 
former primary fire training area. Designed to assess groundwater 
after down gradient from a former source area, prior to entering the 
natural wetlands and potentially Skeleton Creek. 

MW130 Parkland off Rothbury 
Parkway 

Potentially down gradient / within the former primary fire training 
ground. Immediately upgradient from artificial wetlands constructed 
as a part of Williams Landing development. Designed to assess 
extent of groundwater PFAS plume.  

MW131 Northern side of Elmstead 
Park 

Within the boundary of the former Primary Fire Training area, 
adjacent to residential suburbs and upgradient from natural wetlands 
and Skeleton Creek. Assess potential legacy impacts in an area 
reportedly used to discharge AFFF. 

MW132 

Northern end of 
conservation area, on the 
nature strip opposite the 
corner of Caldwell road and 
Lukis Avenue.  

Location adjacent to off-Site residential areas of Williams Landing, up 
and across gradient from former primary fire training area. Location 
designed to assess cross- and up-gradient extent of PFAS impact as 
well as groundwater entering the investigation area.  
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Well ID Location Rationale 

MW133 
Northern side of Eamon 
Walk Park, adjacent to 
McKeown Avenue.  

Location adjacent to off-Site residential areas of Williams Landing, 
directly across gradient from former primary fire training area.  

MW134 
South of artificial wetland, in 
nature strip on north side of 
Simonson Way   

Cross gradient from former secondary fire training area and where 
Doherty’s Drain enters Site. Designed to assess cross gradient 
impact from secondary fire training area.  

MW135, MW136 and 
MW137 

Parkland off Mimosa Way, 
Sykes Way and nature strip 
on the corner of Maldon St 
and Newport Avenue.  

Up hydraulic gradient Site boundaries. Assess background 
groundwater quality entering former airfield and primary fire training 
area. 

The groundwater sampling program was designed to address the following data gaps: 

 Assessment of the nature and extent of impact around the former primary fire training area in Williams 
Landing, including assessment of the magnitude, spatial extent and flow direction of the plume from the 
sampling of newly installed groundwater wells  

 Assessment of the nature and extent of impact around the on-Site Wet Testing and the Air Movements 
Areas, including one round of sampling from existing and newly installed wells to better characterise 
groundwater flows across the Site  

 Assessment of nature and extent of impact at the Former Secondary Fire Training Area, including 
collection of groundwater samples from existing and installed monitoring wells to better understand 
groundwater flows across the Site 

 Confirmation of groundwater flow direction based on multiple rounds of gauging of groundwater 
monitoring wells to assess groundwater flow direction 

 Assessment of the flow of impacted groundwater to Skeleton Creek based on gauging of groundwater 
monitoring wells along south-eastern Site boundary 

 Assessment of background concentrations of contaminants within groundwater along northern and 
eastern Site boundaries, including collection of groundwater samples from installed monitoring wells to 
better understand groundwater flows across the Site and gauging of groundwater monitoring wells 
located along northern and eastern Site boundaries 

Groundwater monitoring well installations targeted groundwater within the upper basalt aquifer unit. It is 
noted that temporal impacts to groundwater concentrations are anticipated, especially over the course of a 
12-month investigation. The concentration of PFAS in the groundwater is expected to fluctuate slightly with 
seasonal and climatic conditions, which influence the reported values. This is especially important as wells 
were only sampled once. Temporal impacts assessed based on available information for water quality such 
as TDS. The potential variability is a data gap to be addressed during ongoing monitoring. 

8.6 Surface, Porewater and Sediment Sampling 
The surface water, porewater and sediment sampling program was designed to address the following data 
gaps: 

 Assessment of the impact to surface water and sediment in storm-water drainage network 

 Delineation of the nature and extent of impact along Doherty’s Drain 

 Sampling of surface, pore water and sediment from the Ornamental Lake and surface ponds prior to 
joining Laverton Creek; 

 Delineation of the nature and extent of impacts throughout the Wet Testing Area drainage system  

 Sampling of sediment within open drainage channels throughout the Wet Testing Area Apron 

 Delineation of the nature and extent of the impact along Laverton Creek; 

 Sampling of surface, pore water and sediment from the upper, middle and downstream sections; 
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 Delineation of the nature and extent of impact along Skeleton Creek; 

 Sampling of surface, pore water and sediment from the upper, middle and downstream sections; 

 Assessment of Skeleton Creek, Laverton Creek and Doherty’s Drain as an ecological receptor 

 Sampling of surface water and sediment from different locations along these surface water bodies 

 Assessment of Williams Landing Wetlands as an ecological receptor and potential pathway to Skeleton 
Creek 

 Sampling of surface water, porewater and sediment from various locations in the wetlands 

 Assessment of the nature and extent of impacts throughout Williams Landing waterbodies 

 Sampling of surface water, porewater and sediment at constructed and natural wetlands. 

8.7 Chicken egg sampling 
The chicken egg sampling program was designed to address the following data gaps: 

 Assessment of produce grown at the Childcare Centre given the sensitive nature of the potential 
receptors 

8.8 Sample number summary 
A summary of the total samples analysed for the full PFAS suite (28 analytes) is provided in Table 8-4.
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Table 8-4    Investigation Sample Numbers Summary (Analysed for full PFAS suite) 

General Area Soil Samples Groundwater Samples Surface Water Samples Sediment Samples Pore Water Samples 

Northern Open Space Area (including 
Landfills / Former Secondary Fire 
Training Area / Old Fuel Farm)  

49 22 N/A (refer to Doherty’s Drain 
and Laverton Creek) N/A N/A 

Central-East Area (including Old 
Photographic Centre, Temporary 
Residences and Childcare Centre) 

9 8 N/A N/A N/A 

Western Boundary (including Wet 
Testing Area) 35 11 1 4 0 

Western Finger Area (including Air 
Movements, Former Electroplating 
Facility and Hazchem Storage) 

36 48 2 1 1 

Southern Boundary 24 8 N/A N/A N/A 

South East Corner (Former GEMS 
Compound) 55 5 N/A N/A N/A 

Off-Site Downgradient 16 6 N/A (refer to Skeleton Creek) N/A N/A 

Former Base 36 11 N/A N/A N/A 

Doherty’s Drain N/A N/A 10 7 6 

Laverton Creek N/A N/A 10 8 3 

Skeleton Creek N/A N/A 13 12 6 

Constructed Wetlands (Former Base) N/A N/A 6 6 3 

Natural Wetland (Laverton RAAF 
Swamp) N/A N/A 6 6 3 

Total Primary Samples 260 119 48 43 22 

Duplicate/Triplicate Samples 27/28 14/14 7/6 7/6 4/3 

Total 315 147 61 56 29 
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9 Data quality assessment 

9.1 Quality assurance and quality control procedures 
Aurecon implemented a comprehensive quality assurance / quality control (QA/QC) program as part of the 
DSI based guidance provided by Section 13 and Appendix C of Schedule B2 of the ASC NEPM. 

The implemented QA/QC program included the following: 
 The use of an appropriately qualified and trained environmental scientists and engineers to conduct the 

assessment 

 The use of standardised operating procedures to conduct all field works 

 The use of standardised field records to document the findings of the assessment 

 Appropriate preservation of samples during transport from the field to the laboratory in accordance with 
standard chain of custody protocols which are consistent with the requirements of Schedule B2 of the 
ASC NEPM 

 The use of chain of custody (CoC) documentations to ensure the traceability of sample transport and 
handling 

 The use of laboratories accredited by the National Associated of Testing Authorities Australia (NATA) for 
the analysis of soil samples 

 The collection and analysis of field quality control samples 

 Review of internal analysis of laboratory quality control samples 

 The use of appropriate laboratory reporting limits 

 Compliance with sample holding times 

 Comparison of field and analytical data to check for the occurrence of apparently unusual or anomalous 
results.  

Laboratory QA/QC procedures and results are detailed in the certified laboratory results contained in 
Appendix G. 

9.2 Assessment of data quality indicators 
The assessment of Data Quality Indicators (DQIs) has been undertaken in accordance with Schedule B2 of 
the ASC NEPM. These DQIs include both field and laboratory considerations for the following: 
 Completeness 

 Comparability 

 Representativeness 

 Precision 

 Accuracy 

The findings of the data quality assessment are presented in detail in Appendix H. In summary, Aurecon is 
satisfied that the data is of sufficient quality upon which to draw meaningful and robust conclusions in respect 
to the key objectives of the DSI. 
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10 Investigation results 

10.1 General 
This section details the physical observations and field results measured during the field program, followed 
by a summary of the laboratory results from the analysis of the soil, groundwater, surface water, sediment 
and pore water samples. Auxiliary information is provided in the Appendices as follows:  

 Appendix C: Digitised bore hole logs 

 Appendix D: Photographic record of fieldwork activities (all photographs on base were taken with 
approval from the Base Services & Operations Manager).  

 Appendix E: Field results including bore hole logging sheets, well purging records and calibration 
certificates  

 Appendix F: Summary tables of laboratory results and details of sample locations, and  

 Appendix G: Laboratory certificates of analysis.  

In addition, the results discussed in this section are detailed in the Figures included in Appendix A, which 
includes:  

 Figure 12 in Appendix A shows all sample locations, including the locations of the monitoring wells 
(existing and installed during this investigation), surface soil, surface water, sediment and pore water 
samples collected 

 Figure 13 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the soil 
in the depth range of 0 - 0.5 m 

 Figure 14 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the soil 
in the depth range of 0.5 - 2 m 

 Figure 15 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the soil 
in the depth range of 2 - 5 m 

 Figure 16 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the soil 
in the depth range of > 5 m 

 Figure 17 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
groundwater 

 Figure 18 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
surface water on and surrounding the Site16 

 Figure 19 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
sediment on and surrounding the Site17 

 Figure 20 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
pore water on and surrounding the Site18 

 Figure 21 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
surface water on and surrounding the Site after a high rainfall event on 3 June 2019 

 Figure 22 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
sediment on and surrounding the Site after a high rainfall event on 3 June 2019 

 
16 Note that some locations are not able to be represented on figures due to landowner permissions 
17 As above 
18 As above 
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 Figure 23 in Appendix A shows detects and screening criteria exceedances for PFOS + PFHxS in the 
pore water on and surrounding the Site after a high rainfall event on 3 June 2019 

The figures show values for PFOS + PFHxS as many guidelines are based on the sum of these two 
compounds. They are also indicative of the presence of a wider range of PFAS compounds. A detailed 
summary laboratory results table is provided in Appendix F. 

An indication of the different relative proportions of different PFAS compounds is provided in Figures 24 and 
25: 

 Figure 24 in Appendix A shows groundwater and surface water PFAS concentrations 

 Figure 25 in Appendix A shows soil and sediment PFAS concentrations 

10.1.1 Investigation Areas 
The analytical results from the samples collected during the field investigation are summarised in tables over 
the following sections, and in Appendix F – Summary of Laboratory Results. The analytical results from 
previous investigations are summarised in Section 4. As discussed in Section 4, the Site has been subject to 
numerous environmental investigations over the last 25 years. Many investigations installed their own 
groundwater monitoring wells if not already present, or to build on the existing Site networking if data gaps 
from the prior investigation were identified. As a result, sample Site nomenclature has not been kept 
consistent between investigations particularly for monitoring bore labels. The nomenclature appears to have 
been dependant on the consultant at the time, and several different monitoring bore series exist (i.e. MW, 
GW, GW598, GW582, GWAM series etc.).  

Defence has now adopted its own naming convention to eliminate any confusion and be consistent in 
managing its environmental monitoring data. Samples collected for the DSI were consistent with this 
convention.  

For the purposes of this report, the sampled locations are discussed and grouped in tables based on their 
geographical locations. Samples are grouped by their spatial position, relative to identified and potential 
sources or within areas of special interest (i.e. creeks, defined Site areas, source zones).  

As there are multiple source areas that are down and cross gradient of each other, the investigation areas 
have been grouped according to the geographic areas of interest: 

 Northern Open Space area (on-Site) 

 Upgradient areas, landfills, Former Secondary Fire Training Area, Old Fuel Farm 

 Golf course 

 Central-East area (on-Site) 

 Administrative and general buildings, temporary residences, childcare centre 

 Down and cross gradient of source areas 

 Old Photographic Centre 

 Western Boundary (on-Site) 

 Wet Testing Area including hangar complex 

 Western Finger (on-Site) 

 Air Movements 

 Warehouses and Chemical Storages 

 Former Electroplating Facility 

 Southern Boundary (on-Site) 

 Downgradient of sources 
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 South-Eastern Corner (on-Site) 

 Former GEMS Compound 

 Former Base (Williams Landing – off-Site) 

 Former Primary Fire Training Area, Former Firepower Demonstration Area, Former Runways 

 Off-Site Downgradient (Laverton – off-Site) 

 South of the Site on migration pathway to Skeleton Creek 

Surface water, sediment and pore water locations have been grouped based on the surface water body: 

 Doherty’s Drain 

 Skeleton Creek 

 Laverton Creek 

 Constructed Wetlands (Williams Landing) 

 Laverton RAAF Swamp (locations unable to be shown on figures due to landowner permissions) 

A summary of the grouping of these sample locations is provided in Appendix F and Table 10-1. 
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Table 10-1    Investigation Areas Sample Location Summary 

Area  Sampling Sites  Total  Sample 
Medium 

Areas of interest / comment 

Northern Open 
Space 

BH200-BH209, GWA/1, GWB/1, 
GWB/2, GWC/1, GWD/1, GWE/1, 
GWG/1, GWG/2, GWGA01, 
GWH/1, GWH/2, GWI/1, GWJ/1, 
GWK/1, GWM/1, GWOFF/1, 
MW111-MW116, SS033-SS042 

42 Soil, 
Groundwater 

Representative of background 
conditions / groundwater 
entering the Site from the north, 
landfills, old fuel farm, former 
secondary fire training area 

Central-East GW130/1, GW130/2, GW130/3, 
GW514/1, GW549/1, GW598/1, 
SS001-SS008, SS013, BIO001, 
BIO002, SS027, SS028 

17 Soil, 
Groundwater, 
Egg 

Representative of background 
conditions / groundwater 
downgradient of the northern 
area and cross gradient of the 
Wet Testing Area. Includes Old 
Photographic Centre and 
sensitive land use areas 

Western Boundary 
(Wet Testing Area) 

GW33/1, GW34/1, GW36/1, 
GWAM/1-GWAM/6, MW117-
MW119, BH215-BH220, BH222-
BH224, SS005, SS006, SS009-
SS012, SW31*-SW34* 

31 Soil, 
Groundwater, 
*Sediment 
only 

Assessment of key source area 
*Sediment samples were 
collected from the storm water 
drain that anecdotally captured 
water and AFFF foam run off 
from equipment testing. 

Western Finger GW155/1-GW155/7, GW2/1-
GW2/8, GW582/1-GW582/8, 
GW7/1-GW7/15, GW81/1-
GW81/7, GW88A/1, GW88B/1, 
GW90/1-GW90/4, GWSTP/1, 
MWA, MWB, PW1, MW100-
MW103, MW120, BH210-BH214, 
BH221, SS029-SS032, SW43, 
SW44 

71 Soil, 
Groundwater, 
Surface 
water, 
Sediment, 
Pore Water 

Hazardous chemical storage, 
former electroplating facility, air 
movements area. Includes 
some groundwater monitoring 
wells on the southern boundary 
downgradient of source areas 

Southern Boundary MW104-MW109 6 Soil, 
Groundwater 

Representative of groundwater 
downgradient of source areas 
migrating off-Site 

South-Eastern 
Corner (near Former 
GEMS Compound) 

MW110, MW138-MW140, SS014-
SS026, BH225-BH234 

25 Soil, 
Groundwater 

Assessment of potential source 
area 

Off-Site 
Downgradient 
(Laverton) 

MW121-MW126 6 Soil, 
Groundwater 

Representative of groundwater 
downgradient of source areas 
migrating off-Site 

Former Base 
(Williams Landing) 

MW127-MW137 6 Soil, 
Groundwater 

Assessment of potential off-Site 
source areas associated with 
the former Base operations 
(e.g. Former Primary Fire 
Training Area,  

Skeleton Creek  SW12, SW13, SW20, SW21, 
SW22, SW23, SW24, SW25, 
SW26  

9 

Surface Water, Sediment, Pore Water 
Sediment and pore water samples were 
collected from Skeleton Creek in lieu of soil 
samples 

Laverton Creek SW06, SW07, SW09, SW11, 
SW14, SW15, SW16, SW17 

8 

Doherty’s Drain  SW01, SW02, SW03, SW04, 
SW05, SW08, SW10 

7 

Constructed 
Wetlands (Williams 
Landing) 

SW18, SW19, SW27-SW30 6 

Laverton RAAF 
Creek (Williams 
Landing) 

SW35-SW40* 6 

* Note that these locations are not able to be represented on plots due to landowner permissions 
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10.1.2 Northern Open Space Area 
On-site up-gradient locations included soil and groundwater samples from MW115 and MW114, and 
groundwater samples from GWK/1. These samples were collected to get an indication of background PFAS 
concentrations, and /or establishing the presence of off-Site sources of PFAS entering the Site from up 
gradient. Results were generally below or equal to LOR, for all PFAS chemicals.  

Landfills on-Site were identified as potential secondary source areas and known areas of AFFF use during 
the desktop assessment and Site history interviews. AFFF containers and other contaminated material 
disposed to landfills could potentially act as a secondary source of PFAS when buried in landfill. Also, the 
area identified as the former secondary fire training area was also a landfill that was set on fire and 
extinguished with AFFF for training drills. A grid of boreholes (BH200-BH209) targeted the former secondary 
fire training area. An existing network of groundwater monitoring wells was previously installed to assess the 
landfills. New monitoring wells along the eastern boundary (MW111-MW113) and western boundary 
(MW116) were used to establish groundwater conditions coming onto and leaving Site. 

Soil and groundwater results reported only minor concentrations in two soil sampling horizons, and low 
concentrations of PFOS, PFHxS and other minor PFAS compounds in groundwater.  

10.1.3 Central-East Area 
The central-east portion of Site has been grouped as it is generally similar land use and potential exposure 
scenarios, including administration areas and some more sensitive land uses. This area is generally cross-
gradient to the main source area (Wet Testing Area) and downgradient of the Northern Open Space area. 
Locations in this area included groundwater samples from monitoring wells located in the central (GW130/1, 
GW130/2 and GW130/3) and eastern areas of the Site (GW514/1, GW549/1 and GW598/1, near the Old 
Photographic Centre). PFOS, PFHxS and minor PFOA were detected in most groundwater and soil samples 
from these areas. Soil samples were also collected from sensitive land use areas, including Base Childcare 
Centre and Temporary Residences, which reported mainly PFOS just above the LOR. 

10.1.4 Western Boundary (Wet Testing Area) 
The Wet Testing Area located on the Western Boundary was identified during the PSI as a known area of 
AFFF use and was therefore targeted for detailed sampling with soil bores (BH215 – BH224, excluding 
BH221) and installation of additional monitoring wells (MW117, MW118, MW119) in addition to the existing 
wells (GWAM series, GW36/1, GW34/1 and GW33/1). Some surface soil samples were collected from each 
end of the hardstand area and sediment samples were collected from the concrete drainage trench. 

Results indicated this to be the most impacted area on-Site of the whole investigation area for PFOS, PFHxS 
and minor PFOA / other PFAS in soil and groundwater.  

10.1.5 Western Finger Area (WFA) 
The Western Finger Area (WFA) is a commercial / industrial operational area to the south west of the Site 
that is generally hardstand with a grassed space to the south and east. There are a number of overlapping 
potential sources in this area, so they have been generally grouped together. Soil samples from there were 
collected from additional monitoring well installations (MW100-MW103) and targeted soil bores (BH210-
BH214, BH221) to assess the area for PFAS contamination, and whether any of the past base and industrial 
activity in the WFA (air movements, former electroplating workshop, hazardous chemical storage) have 
associated PFAS impacts that may be contributing to the underlying PFAS plume (i.e. acting as a secondary 
source). An extensive existing network of groundwater monitoring wells was also used in the current 
investigation, including the GW81, GW88, GW155 and GW582 series (associated with chemical storage 
areas), GW2 and 7 series (associated with the Former Electroplating Facility), and GW90 (generator room), 
GWSTP (historic stockpile) and MWA, MWB, PW1 (air movements). Further surface soil samples were 
collected from the grassed open space in the indicative area of the Old Sewage Farm. Surface water in this 
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area generally drains to the south and surface water samples were collected from the drainage outlet from 
the Site (SW43) and a sump from the former electroplating building (SW44). 

Two major areas of impact were identified in proximity to the hazardous chemical storage area, and 
electroplating workshop. These consisted of elevated PFOS, PFHxS and minor PFOA / other PFAS.  

10.1.6 Southern Boundary 
The southern boundary is similar in land use to the Central-East area but has been separated to present the 
concentrations of PFAS migrating off-Site to the south. The soil and groundwater samples collected from the 
down gradient boundary locations were collected from the installation of additional monitoring wells (MW104-
MW109) to inform the CSM if any existing contamination was present along the down gradient boundary of 
the Site, and potentially migrating off-Site.  

Results reported elevated concentrations of PFOS, PFHxS and minor PFOA / other PFAS in groundwater 
and soil in this area downgradient of known source areas.  

10.1.7 South-Eastern Corner 
The south-eastern corner consists of a carpark and open space adjacent to the now off-Site Former GEMS 
Compound. It has been separated to present the concentrations of PFAS for the potential source in this 
area. The soil (SS014-SS026 and BH225-BH234) and groundwater samples (MW110 – multiple rounds, 
MW138-MW140) collected from the south eastern corner adjacent to the Former GEMS Compound were 
used to assess the data gap related to the potential source area in this part of the Site.  

A major area of impact was identified off the north eastern corner of the Former GEMS Compound. This 
consisted of elevated PFOS, PFHxS and minor PFOA / other PFAS.  

10.1.8 Off-Site Downgradient (Laverton) 
The groundwater migrating from the Site towards Skeleton Creek passes under an industrial area in 
Laverton. New groundwater monitoring wells were installed to understand this pathway (MW121-MW126). 
Groundwater results indicated a groundwater plume of PFOS, PFHxS and minor PFOA is present beneath 
this area and is migrating down gradient towards Skeleton Creek.  

10.1.9 Former Base (Williams Landing) 
Williams Landing covers the former extent of the Base that included the Former Primary Fire Training Area, 
Firepower Demonstration Area and Runways. The area is now largely developed as a low density residential 
suburb and contains a mix of residential, parkland and conservation native grassland areas. Fourteen new 
groundwater monitoring wells were installed for the current investigation (MW127-MW137). The sample 
locations were restricted to public open space and aimed to assess background conditions (MW136 and 
MW137), former runways (MW127-MW129 and MW135), former Primary Fire Training Area (MW130-
MW131), former Firepower Demonstration Area (MW132) and assess pathways (MW129, MW133 and 
MW134). 

Soil samples collected from within the Former Primary Fire Training Area in the western side of the 
investigation area reported the highest concentrations of PFOS, PFHxS and PFOA in soil, sediment, surface 
water and groundwater off-Site for the current investigation (noting that no samples were collected off-Site 
adjacent to Wet Testing Area). Samples collected from the northern and eastern areas of the suburb were 
generally lower in concentration or below LOR.  

Groundwater results indicated a groundwater plume of PFOS, PFHxS and minor PFOA is present beneath 
the former Fire Training Area and is migrating down gradient towards the local naturally occurring wetlands 
and further south to Skeleton Creek.  
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10.1.10 Doherty’s Drain  
Doherty’s Drain is a shallow, ephemeral surface water course that enters the Site from the North-west across 
the Old Geelong Road. It flows across the northern areas of the Site through the Golf course and joins 
Laverton Creek before it flows off-Site to the East. Surface water results were generally low concentrations of 
PFOS only or below LOR. Contrastingly pore water results reported higher concentrations of PFOS, PFHxS 
and minor PFOA when compared to surface water results. Generally, sediment samples reported 
concentrations of PFOS only.  

10.1.11 Laverton Creek 
Laverton Creek enters the Site from the North / northeast side of the Site across the old Geelong Road, and 
exits the Site on the Eastern boundary. Surface water, sediment and pore water samples were collected to 
identify any up gradient PFAS load, on-Site and down gradient to assess the risk to off-Site receptors and 
help refine the CSM. The reported PFAS concentrations were similar to Doherty’s Drain where surface water 
and sediment results showed low concentration of PFOS only and/or some lesser concentrations of PFHxS 
and/or PFOA. Pore water results were generally higher than observed in surface waters for PFOS, PFHxS 
and minor PFOA.  

10.1.12 Skeleton Creek  
Skeleton Creek is the main surface water course off-Site directly down gradient, which contains established 
ecological communities and is possibly used for recreational purposes (swimming, wading, kayaking, fishing) 
by the surrounding residential communities. Surface water, sediment and pore water samples were collected 
to establish the PFAS loading and risk to these potential receptors. Results were generally higher compared 
to Laverton Creek and Doherty’s Drain, but displayed the same distribution of PFAS contaminants in the 
pore water compared to sediment and surface water.  

10.1.13 Constructed Wetlands 
There are several constructed wetlands located in Williams Landing (Addison, Ashcroft and Kingwell 
Wetlands, and a Bioretention Pond). These wetlands are located directly downgradient and cross gradient to 
known areas of AFFF use, and so surface water, sediment and pore water samples were collected to 
establish the level of PFAS concentrations within the wetlands and the pathways to Laverton RAAF Swamp 
and subsequently Skeleton Creek.  

PFOS, PFHxS and minor PFOA were generally detected in similar distributions to Skeleton Creek, with the 
exception of Ashcroft Wetland, which showed a greater proportion of PFOA, PFHxS and other minor PFAS 
compounds. 

10.1.14 Laverton RAAF Swamp 
There is a larger natural wetland (Laverton RAAF Swamp) within a nature conservation area in the south-
west corner of the suburb of Williams Landing, which receives surface water from the Ashcroft Wetland and 
Forsyth Road Drain. These wetlands are located directly downgradient to known areas of AFFF use, and so 
surface water, sediment and pore water samples were collected to establish the level of PFAS 
concentrations within the wetlands and the risk to local ecological communities. 

PFOS, PFHxS and some PFOA were generally detected in similar distributions to Skeleton Creek. The 
sample at the discharge point showed higher proportion (but similar concentration) of PFOA. 
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10.2 Soil investigation 

10.2.1 Soil background concentration 
There were 260 primary soil samples (142 from monitoring well installations, 56 from targeted soil bores and 
62 surface soil samples) analysed in total for the full suite of PFAS chemicals. 100 samples reported 
concentrations over the detection limit (generally 5 µg/kg for key PFAS species), and the remaining 160 
samples were below the laboratory LOR. Therefore, the background concentration is assumed to be below 
the respective LORs for the different PFAS compounds. 

10.2.2 Field Observations 
The field investigation was carried out from September 2018 to January 2020. The following sections outline 
the observations, field data and analytical results. Supporting documentation is saved in the Appendices as 
follows:  

 Digitised bore logs from the drilling mobilisations are saved in Appendix C 

 Photographs from all phases of the field program (drilling programs and sampling events) are saved in 
Appendix D 

 Field bore logs, water sampling sheets and miscellaneous notes and are saved in Appendix E.  

Visual and olfactory indications of potential contamination were not observed in surface soil or monitoring 
well borehole soil samples, except for odours observed while installing MW108 (chemical ‘pine o clean’ 
odour that appeared to be emanating from groundwater), and some elevated PID readings from soil cuttings 
screened during drilling. These PID readings do not align with elevated volatile organic compounds analytical 
results. One landfill south of Doherty’s Drain (SS041 and SS042) contained bricks and golf balls. The other 
landfills were fill material but no indications of waste material, in particular no plastic indicative of AFFF 
containers. 

10.2.3 Soil Profile 
Regionally, the State soils database indicates that the Site and surrounding area consists of soils derived 
from weathered Newer Volcanics, coastal lagoon deposits, windblown silts and poorly consolidated colluvium 
(see Figure 6 – Geology, Appendix A). The regional soil characteristics were evident in the surface soils 
sampled at the Site, consisting predominantly of a thin layer of clays, sandy clay that included lenses of sand 
and/or gravel / cobbles. Clay materials were typically firm to stiff, friable (moderate – high plasticity when 
wetted), grey / brown / red-brown to a depth of approximately 0.5 – 2.6 m below ground level (m bgl) over the 
underlying Newer Volcanics. 

Imported fill is present across the investigation area, particularly where buildings are present or where 
landfilling has previously occurred. In all on-Site excavations fill was up to 1 m in thickness overlying either 
natural soils or Newer Volcanic Bedrock.  

Off-Site, the observed thickness of the fill profile in Williams Landing varied. The average fill thickness was 
0.5 m but was observed up to 1.5 m (MW131), or not present at all in some locations (MW136). The fill 
thickness around the Former Primary Fire Training Area was between 0.5 and 1.5 (MW130), which was 
similar to that reported in SLR Consulting (2018). The fill thickness off-Site near the Wet Testing Area was 
not able to be determined from the historic bore logs as the boreholes were excavated directly into natural 
material near the Addison Wetland and there is no information closer to the Base boundary. The fill depth on-
Site near the Wet Testing Area is generally around 0.5 – 1 m based on field observations during drilling of 
boreholes along the Site boundary MW118-MW120, BH218, BH220 and BH224) and the observed 
discrepancy in ground level between the Base and adjacent development due to placement of engineered fill 
for the residential allotments. 
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10.2.4 Geology 
Bore holes within the investigation area were drilled to up to 15.6 mbgl, with an average drill depth of 
9.0 mbgl. Observed material was typically weathered to fresh basalt, underlying a thin layer of soil / fill as 
described above.  

Air Hammer Drilling 

The boreholes drilled on-Site for monitoring wells were excavated using the air hammer drilling method, 
while off-Site wells in Williams Landing were diamond cored. Chips from the on-Site drilling indicated grey to 
brown, weathered flows of basalt. The presence of sudden varying changes in weathering is indicative of 
multiple lava flow horizons. Basalt ranged from extremely weathered (ground to a fine, brown dust) to fresh 
(blue/grey in colour, hard, fine – coarse angular chips). Less weathered zones returned chips that included 
vesicular and/or scoria fragments (red/brown chips) of basalt. Brecciated zones with calcareous material and 
zeolites were also observed in some holes. Refer to Figure 10-1 for examples of rock cutting from on-Site 
drilling. 

Groundwater infiltration was observed in holes drilled with air hammer technique at approximately 5 – 
6 m bgl. Groundwater also expressed semi-confined behaviour once monitoring wells were installed where 
the standing water level in the well stand pipe rose higher than where moisture was first observed at depth 
during drilling.  

Figure 10-1    Rock cuttings from on-Site drilling 

 
Weathered basalt cuttings Fresh basalt chips 

 

Diamond Core Drilling 

Drill cores from the diamond drilled holes were logged in general accordance with AS1726. NQ diameter 
cores (75 mm) were transferred from the drill rod splits and boxed up in sequential order from top to bottom. 
Typical lithological profile of the basalt consisted of a weathered top (clay altered basalt), transitioning into 
grey/brown – black, highly vesicular, slightly weathered, hard / high strength rock. This transitioned gradually 
into grey/black – blue, less vesicular, less weathered, very high strength rock with zones of fracturing. Some 
holes showed sharp transitions from slightly weathered (brown/grey) rock to fresh (blue/grey) rock that 
indicates separate lava flows. Fractures are generally horizontal with spacings of 50-200m and some small 
vertical fissures as shown in Figure 10-2 (example MW130). 

Fractured zones in the rock from approximately 5 – 6 m bgl showed brown staining / alteration along edges. 
This was interpreted as evidence of groundwater intrusion. However, it should be noted that due to the 
hydrated nature of diamond core drilling (i.e. where water is circulated during drilling), the exact depth of the 
groundwater was difficult to distinguish accurately. 

Basalt flow layers were separated in some holes by red-brown clay palaeosols (former clay soil layers that 
are buried by lava flows and baked on contact). Clays were grey-brown or red-brown to orange in colour, soft 
in texture. The precise thickness of this clay layer is unknown, as groundwater was usually observed in 
proximity to this layer, which was where holes were terminated. The clay layer(s) were also only encountered 
at depth in the northern-eastern / eastern and southern portion of the investigation area (i.e. within the 
current Base boundary, north and eastern reaches of Williams Landing and Laverton). The majority of bores 
drilled in western Williams Landing did not encounter the clay palaeosol at their maximum depth.  
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Figure 10-2    Diamond drill core examples from field investigation.  

 
MW130 – Typical rock profile within the investigation area 

 
MW133 – More weathered rock profile compared to other areas 

 
MW126 – Baked contact between overlying basalt and clay palaeosol 

10.2.5 Soil laboratory results 
Soil analytical results were compared to adopted screening criteria (where land use relevant), which are 
summarised in Section 6 and presented in Table 6-6. Soil investigation locations and analytical results for 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   112 

combined PFOS and PFHxS screened against adopted ecological and human health screening criteria are 
presented on Figures 13-16 in Appendix A. The laboratory certificates of analysis are provided in Appendix 
G. 

Soil PFAS results are grouped by area as outlined in Section 10.1.1. Soil sampling focused on data gaps in 
Site knowledge identified in the sample design; namely the Wet Testing Area, the Western Finger Area, the 
former Secondary Fire Training Area, down gradient from Site and Williams Landing (which includes the 
former Primary Fire Training Area). A summary of laboratory results and screening criteria exceedances is 
included in Table 10-2. A summary cumulative frequency plot of soil analytical results (including previous 
studies and QAQC samples) is shown in Figure 10-3. 

Figure 10-3    Cumulative frequency plot of soil results (including previous studies and QAQC samples) 

 
 
These cumulative frequency plots show the predominant PFAS compound in soil was PFOS with PFHxS 
also prevalent. PFHxA and PFOA were also reported to a lesser extent, the distribution of PFAS compounds 
is further discussed in Section 11.2. These results are further summarised with respect to ecological and 
human health guidance levels in Table 10-2. 
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Table 10-2    Summary of soil analysis and soil screening criteria exceedances 

Analyte 
No. 

samples 
tested 

No. of 
detects 

Measured concentrations (mg/kg) 
Screening criteria (mg/kg) 

Number of samples exceeding 
screening criteria Human Health Ecological 

Min Mean Max HH1 HH2 HH3 HH4 EGV1 EGV2 EGV3 

NORTHERN OPEN SPACE 

PFOS 49 4 <0.005 0.005 0.074 N/A N/A 1 20 N/A N/A 0.14 All criteria: 0 

PFOA 49 0 <0.005 - ND N/A N/A 10 50 N/A N/A - All criteria: 0 

6:2 FTS 49 0 <0.01 - ND  N/A N/A - - N/A N/A - - 

PFHxS 49 0 <0.005 - ND N/A N/A 1 20 N/A N/A - All criteria: 0 

Other PFAS 49 0 <0.01 N/A <0.01 N/A N/A - - N/A N/A - - 

PFOS+PFHxS 49 4 <0.005 0.003 0.065 N/A N/A 1 20 N/A N/A - All criteria: 0 

Sum of PFAS 49 2 <0.05 - ND N/A N/A - - N/A N/A - - 

CENTRAL EAST 

PFOS 9 8 <0.005 0.0033 0.011 N/A N/A N/A 20 N/A N/A 0.14 All criteria: 0 

PFOA 9 2 <0.0001 0.0066 <0.005 N/A N/A N/A 50 N/A N/A - All criteria: 0 

6:2 FTS 9 0 <0.0005 0.0013 <0.010 N/A N/A N/A - N/A N/A - - 

PFHxS 9 1 <0.0001 0.007 <0.005 N/A N/A N/A 20 N/A N/A - All criteria: 0 

Other PFAS 9 1 <0.0005 N/A  0.0008 N/A N/A N/A - N/A N/A - - 

PFOS+PFHxS 9 7 0.0023 0.0039 0.011 N/A N/A N/A 20 N/A N/A - All criteria: 0 

Sum of PFAS 9 3 0.0027 0.008 <0.05 N/A N/A N/A - N/A N/A - - 
Table note: HH1: HEPA 2018 HBGV A SOIL– Low Density Residential  

HH2: HEPA 2018 HBGV B SOIL- Residential with minimal opportunities for soil access 
 HH3: HEPA 2018 HBGV C SOIL- Public open space,  

HH4: HEPA 2018 HBGV D SOIL- Industrial/commercial 
 EGV1: Interim soil - ecological direct exposure (public open space)  

EGV2: Interim soil - ecological indirect exposure (residential)  
EGV3: Interim soil - ecological indirect exposure (industrial/commercial) 

 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded 
 N/A: Not applicable 
 ND: Non-detect 

- No criteria currently available 
 “Other PFAS” are the 28 analytes in the full PFAS suite excluding PFOS, PFOA, PFHxS and 6:2 FTS 
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Summary of soil analysis and soil screening criteria exceedances (continued) 

Analyte 
No. 

samples 
tested 

No. of 
detects 

Measured concentrations (mg/kg) 
Screening criteria (mg/kg) 

Number of samples exceeding 
screening criteria Human Health Ecological 

Min Mean Max HH1 HH2 HH3 HH4 EGV1 EGV2 EGV3 

SOUTH-EASTERN CORNER (FORMER GEMS COMPOUND) 

PFOS 55 32 <0.005 0.28 8.1 0.009 N/A N/A 20 1 N/A 0.14 HH1: 27, HH4: 0 
EGV1: 4, EGV3: 11 

PFOA 55 3 <0.005 0.004 0.051 N/A N/A 10 50 10 N/A - All criteria: 0 

6:2 FTS 55 0 <0.010 - ND N/A N/A - - - N/A - - 

PFHxS 55 13 <0.005 0.06 1.5 0.009 N/A N/A 20 - N/A - HH1: 27, HH4: 0 
 

Other PFAS 55 6 <0.005 N/A <0.340 N/A N/A - - - N/A - - 

PFOS+PFHxS 55 32 <0.005 0.34 8.260 0.009 N/A N/A 20 - N/A - HH1: 28, HH4: 0 

Sum of PFAS 55 161 <0.050 0.40 8.427 N/A N/A - - - N/A - - 

SOUTHERN BOUNDARY 

PFOS 24 8 <0.005 0.0094 0.051 N/A N/A 1 20 1 N/A 0.14 All criteria: 0 

PFOA 24 0 <0.005 - ND  N/A N/A 10 50 10 N/A - All criteria: 0 

6:2 FTS 24 0 <0.0010 - ND N/A N/A - - - N/A - - 

PFHxS 24 1 <0.0005 0.0023 <0.0033 N/A N/A 1 20 - N/A - All criteria: 0 

Other PFAS 24 0 <0.0005 N/A <0.0010 N/A N/A - - - N/A - - 

PFOS+PFHxS 24 8 <0.005 0.0104 0.067 N/A N/A 1 20 - N/A - All criteria: 0 

Sum of PFAS 24 2 <0.050 0.0278 0.067 N/A N/A - - - N/A - - 
Table note: HH1: HEPA 2018 HBGV A SOIL– Low Density Residential  

HH2: HEPA 2018 HBGV B SOIL- Residential with minimal opportunities for soil access 
 HH3: HEPA 2018 HBGV C SOIL- Public open space,  

HH4: HEPA 2018 HBGV D SOIL- Industrial/commercial 
 EGV1: Interim soil - ecological direct exposure (public open space)  

EGV2: Interim soil - ecological indirect exposure (residential)  
EGV3: Interim soil - ecological indirect exposure (industrial/commercial) 

 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded 
N/A: Not applicable, ND: Non-detect,- No criteria currently available, “Other PFAS” are the 28 analytes in the full PFAS suite excluding PFOS, PFOA, PFHxS and 6:2 FTS 
0.77 Reported value exceeds screening criteria 
[3.6] Maximum value reported was for duplicate / triplicate sample 
2 Screening criteria exceeded 
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Analyte 
No. 

samples 
tested 

No. of 
detects 

Measured concentrations 
(mg/kg) 

Screening criteria (mg/kg) 
Number of samples exceeding screening 

criteria Human Health Ecological 

Min Mean Max HH1 HH2 HH3 HH4 EGV1 EGV2 EGV3 

WESTERN FINGER (INCLUDING AIR MOVEMENTS) 

PFOS 36 14 <0.005 0.099 1.6 N/A N/A N/A 20 1 N/A 0.14 HH4: 0 
EGV1: 1 
EGV3: 4 

PFOA 36 1 <0.005 0.0047 0.080 N/A N/A N/A 50 10 N/A - All screening criteria: 0 

6:2 FTS 36 0 <0.010 - ND N/A N/A N/A - - N/A - - 

PFHxS 36 6 <0.005 0.0479 1.5 N/A N/A N/A 20 - N/A - HH4: 0  

Other PFAS 36 4 <0.005 N/A 0.46 N/A N/A N/A - - N/A - - 

PFOS+PFHxS 36 11 <0.005 0.1452 2.38 N/A N/A N/A 20 - N/A - HH4: 0  

Sum of PFAS 36 4 <0.050 0.1985 3.773 N/A N/A N/A - - N/A - - 

WESTERN BOUNDARY (INCLUDING WET TESTING AREA) 

PFOS 35 22 <0.005 0.0249 2.9 N/A N/A N/A 20 1 N/A 0.14 HH4: 0 
EGV1: 3 
EGV3: 7 

PFOA 35 4 0.0002 0.0049 0.07 N/A N/A N/A 50 10 N/A - All screening criteria: 0 

6:2 FTS 35 0 <0.0005 0.0047 <0.010 N/A N/A N/A - - N/A - - 

PFHxS 35 13 0.0043 0.0445 1.0 N/A N/A N/A 20 - N/A - HH4: 0  

Other PFAS 35 18 <0.0001 N/A 0.041 N/A N/A N/A - - N/A - - 

PFOS+PFHxS 35 23 <0.005 0.292 3.090 N/A N/A N/A 20 - N/A - HH4: 0 

Sum of PFAS 35 12 0.0321 0.341 3.268 N/A N/A N/A - - N/A -  
Table note: HH1: HEPA 2018 HBGV A SOIL– Low Density Residential, HH2: HEPA 2018 HBGV B SOIL- Residential with minimal opportunities for soil access 
 HH3: HEPA 2018 HBGV C SOIL- Public open space, HH4: HEPA 2018 HBGV D SOIL- Industrial/commercial 
 EGV1: Interim soil - ecological direct exposure (public open space), EGV2: Interim soil - ecological indirect exposure (residential), EGV3: Interim soil - ecological indirect exposure (industrial/commercial) 

Concentrations detected above the screening criteria are highlighted in orange with the corresponding screening criteria that have been exceeded are highlighted in bold and underlined 
 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded  
 N/A: Not applicable, ND: Non-detect,- No criteria currently available, “Other PFAS” are the 28 analytes in the full PFAS suite excluding PFOS, PFOA, PFHxS and 6:2 FTS 

0.77 Reported value exceeds screening criteria 
[3.6] Maximum value reported was for duplicate / triplicate sample 
2 Screening criteria exceeded 
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Analyte 
No. 

samples 
tested 

No. of 
detects 

Measured concentrations 
(mg/kg) 

Screening criteria (mg/kg) 
Number of samples exceeding 

screening criteria Human Health Ecological 

Min Mean Max HH1 HH2 HH3 HH4 EGV1 EGV2 EGV3 

OFF-SITE (DOWNGRADIENT) 

PFOS 16 4 <0.005 0.0048 0.012 N/A N/A 1 20 1 N/A 0.14 All screening criteria: 0 

PFOA 16 0 <0.005 - ND N/A N/A 10 50 10 N/A - All screening criteria: 0 

6:2 FTS 16 0 <0.010 - ND N/A N/A - - - N/A - - 

PFHxS 16 0 <0.005 - ND N/A N/A 1 20 - N/A - HH3: 0 
HH4: 0  

Other PFAS 16 0 <0.005 N/A 0.005 N/A N/A - - - N/A - - 

PFOS+PFHxS 16 10 <0.005 0.0042 0.012 N/A N/A 1 20 - N/A - HH3: 0 
HH4: 0 

Sum of PFAS 16 8 <0.050 - ND N/A N/A - - - N/A - - 

OFF-SITE (FORMER BASE) 

PFOS 36 8 <0.005 0.0069 0.05 0.009 2 1 20 1 0.01 0.14 HH1: 6, HH2:  0, HH3: 0, HH4: 0 
EGV1: 0, EGV2: 5, EGV3: 0 

PFOA 36 0 <0.005 - ND 0.1 20 10 50 10 N/A - All screening criteria: 0 

6:2 FTS 36 0 <0.010 - ND N/A N/A N/A - - N/A - - 

PFHxS 36 4 <0.005 0.0039 0.022 0.009 2 1 20 - N/A - HH1: 3, HH2:  0, HH3: 0, HH4: 0 

Other PFAS 36 0 <0.005 N/A 0.005 N/A N/A N/A - - N/A - - 

PFOS+PFHxS 36 9 <0.005 0.008 0.072 0.009 2 1 20 - N/A - HH1: 8, HH2:  0, HH3: 0, HH4: 0 

Sum of PFAS 36 1 <0.005 0.0086 0.072 N/A N/A N/A - - N/A -  
 
Table note: HH1: HEPA 2018 HBGV A SOIL– Low Density Residential, HH2: HEPA 2018 HBGV B SOIL- Residential with minimal opportunities for soil access,  
 HH3: HEPA 2018 HBGV C SOIL- Public open space, HH4: HEPA 2018 HBGV D SOIL- Industrial/commercial 
 EGV1: Interim soil - ecological direct exposure (public open space), EGV2: Interim soil - ecological indirect exposure (residential), EGV3: Interim soil - ecological indirect exposure (industrial/commercial) 

Concentrations detected above the screening criteria are highlighted in orange with the corresponding screening criteria that have been exceeded are highlighted in bold and underlined 
 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded  

N/A: Not applicable, ND: Non-detect,- No criteria currently available, “Other PFAS” are the 28 analytes in the full PFAS suite excluding PFOS, PFOA, PFHxS and 6:2 FTS 
0.77 Reported value exceeds screening criteria 
[3.6] Maximum value reported was for duplicate / triplicate sample 
2 Screening criteria exceeded 
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10.2.6 Impacts to Beneficial Uses 
The impacts of the identified contamination on the protected beneficial uses of soil on-Site and off-Site are 
summarised in Table 10-3. This applies to the current use of the Site for commercial/industrial, public open 
place and sensitive (temporary residential and childcare) uses as well as off-Site sensitive (residential) uses. 

Table 10-3   Evaluation of Soil SEPP Beneficial Uses 

Beneficial Use Precluded 
on-Site 

Precluded 
off-Site Comment 

Maintenance of 
ecosystems  

Yes Yes PFOS results reported for soil samples collected from the Wet Testing Area (max. 2.9 mg/kg), 
on-Site adjacent to the Former GEMS Compound (max 8.1 mg/kg) and the northern section of 
the open space in the Western Finger (max. 1.8 mg/kg) exceed the adopted screening level (1 
mg/kg). Therefore, this beneficial use is considered to be precluded on-Site.  

Whilst the majority of soil samples from the current investigation did not exceed the adopted 
screening levels for off-Site locations, previous investigation results by SLR Consulting (2018) 
indicated exceedance of adopted screening criteria off-Site near the Wet Testing Area and the 
Former Primary Fire Training Area.  

Human health  No Yes PFOS + PFHxS results reported for soil samples collected from the Wet Testing Area (max. 
3 mg/kg), on-Site adjacent to the Former GEMS Compound (max. 8.3 mg/kg) and Western 
Finger (max 2.4 mg/kg) exceeded the adopted screening level for Public Open Space use (1 
mg/kg), however they did not exceed the relevant Commercial / Industrial screening level 
(20 mg/kg). 

There were no reported exceedances of low-density residential guidance values on-Site in areas 
where that land use is relevant (e.g. temporary residence and childcare centre). 

Whilst there are widespread exceedances of Tier 1 screening criteria off-Site within Williams 
Landing (Residential with garden/accessible soils), there were no exceedances of SSILs derived 
for the Site in those land use areas (SLR 2018). However, SLR (2018) identifies a potentially 
elevated exposure risk to human health in traditional residential allotment settings should similar 
or higher concentrations as observed in one location within the Addison Wetlands (a constructed 
and since landscaped wetland) be found in traditional residential allotments.   

Buildings and 
structures 

Not 
applicable 

Not 
applicable 

While not an indicator in the Land SEPP, PFAS-impacted soil PFAS impacts in soils are not 
considered likely to cause significantly aggressive in-situ ground conditions and would not be 
anticipated to adversely impact on existing or new buildings and structures. 

Aesthetics Not 
applicable 

Not 
applicable 

PFAS-impacted soil would not be anticipated to adversely impact on aesthetics, such as causing 
stains or odorous soils. Hence, PFAS is not considered a relevant indicator for this beneficial 
use and is not considered further.  

Production of 
food, flora and 
fibre 

No Yes Some small-scale on-Site production of food (leafy vegetables and eggs) occurs at the Childcare 
Centre. The chickens are allowed to roam in the unpaved yard and have living spaces that is 
underlain by plastic. The leafy vegetables are currently being grown in above-ground planters 
and do not have direct access to soil concentrations of PFAS below the planter.  

The concentrations of PFAS reported in the four egg samples submitted for analysis were below 
the poultry egg ‘Proposed Trigger Point for investigation’ derived by Food Standards Australia 
and New Zealand (FSANZ 2017a) and accordingly are considered a low and acceptable risk for 
human (adult and child) consumption. 

WUS surveys indicated the potential growing of fruit / vegetables and raising of poultry off-Site 
within the former Base extents. This pathway was further investigated through human health risk 
assessment process and results documented in enRiskS (2020). 
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10.3 Groundwater investigation 

10.3.1 Monitoring well installation 
The monitoring well locations are presented in Appendix A – Figure 12 

 41 new monitoring wells were installed across the Investigation Area (IA) 

 24 wells were installed on-Site within areas identified as lacking groundwater monitoring coverage, mostly 
along the perimeter of the Site 

 6 wells were installed off-Site down gradient between Skeleton Creek and the Southern Site Boundary  

 11 wells were installed off-Site within Williams Landing  

 All new wells were screened in the upper Newer Volcanics Aquifer  

Refer to Appendix C – Borehole Logs for detailed lithological logs and monitoring well construction details 
from the DSI. Also included are installation details for monitoring bores installed during prior investigations 
(i.e. Golder (2017), CH2M Hill (2007), SMEC (2006)).  

10.3.2 Field observations 
The following observations were noted during the groundwater sampling program. Details from the field 
installation of groundwater monitoring wells, subsequent gauging and sampling are provided in Appendix E.  

With regards to visual and olfactory indications of potential contamination, extracted groundwater was 
generally muddy brown and turbid, developing to clear to slightly turbid with purging during well development 
and sampling. No odours were detected during gauging or sampling except at the following wells: 

 MW108 (east side of Building 421 – Dormitory, off Wilson Road): disinfectant (specifically pine ‘o clean) 
odours during drilling / installation 

 GW33/1 (south side of Hangar 33, Tangmere Road): Petrol odour (LNAPL confirmed in well) 

 GW155/1 (Hazardous Chemical Storage Area, Kidbrooke Road): Petrol odour (LNAPL confirmed in well),  

 MW124 (off-Site well on Crellin Avenue, down gradient from Site): oily sheen noted on drilling mud tank 

10.3.3 Groundwater elevation and flow direction 

Inferred groundwater flow direction 
Figure 10-4 (refer to Figure 11A and 11B in Appendix A for more detail) shows inferred groundwater 
elevation contours for the upper Newer Volcanics Aquifer (NVA) across the IA based on water levels 
measured in August 2018 and July 2019, respectively. Gauging also occurred during sampling in Jan 2019 
and March/April 2019. Note that groundwater levels across the Site were measured during these periods due 
to access issues. The inferred groundwater contours were based on gauging of wells screened in the 
uppermost Newer Volcanics aquifer (typically between 4 and 6 m, or 6 and 10 m bgl depending on their 
location on-Site). Groundwater in the shallow Newer Volcanic aquifer generally flows with a horizontal 
gradient of approximately 0.004 to the south / south-southeast towards Skeleton Creek. The RLs for some 
wells were not used because the wells are screened across both the upper and lower NVA. 

Gauging carried out during July 2019 measured an elevated groundwater table compared to previous 
gauging events, likely due to seasonal recharge from higher Autumn / Winter rainfall in the interim time 
between gauging events. Other observations on-Site support this observation, as parts of the Site (i.e. 
Laverton Creek, adjacent marsh areas on-Site) were saturated at the surface in areas that were previously 
dry. The inferred flow direction was generally consistent between the gauging events.  

Groundwater contours shown on Figure 10-4 and on Figure 11B in Appendix A suggest the presence of 
localised mounds of groundwater on the southern boundary in the vicinity of MW108.This is also 
accompanied by lower conductivity readings measured in-situ. Follow up sampling in July 2019 confirmed 
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the presence of highly contrasting fresh and salty in-situ parameters in MW108 and MW109 (22,047 and 
866 µS/cm respectively). Spatially MW109 is approximately 50 m east of MW108. This inferred mound, 
along with groundwater fresher than ambient groundwater, suggest local recharge, such as leakage from 
mains water.  

Figure 10-4    Inferred groundwater flow contours (July 2019) 

 
 

The inferred groundwater flow direction from the current investigation is generally consistent with the 
observations from the Stage 3 - 5 audit in Williams Landing (i.e. south-east direction) and whilst the Main 
Outfall Sewer is a potential off-site source of contamination, the influence on the groundwater flow is not 
considered significant.  

Tidal influence 
The Site is located approximately 0.8 km from the nearest bend of Skeleton Creek, approximately 5.7 km 
upstream from where Skeleton Creek flows into Port Phillip Bay. Field EC measurements indicated fresh to 
brackish conditions in Skeleton Creek and the groundwater beneath the Site. However, it is plausible that 
there is some mixing occurring between saltwater intrusion or ‘wedging’ along Skeleton Creek from tidally 
driven seawater and regional groundwater. Consequently, it is considered that the overall effect of the tide 
on groundwater flow direction is minimal and does not change the overall flow direction on-Site with tidal 
fluctuations  

10.3.4 Horizontal hydraulic conductivity 
Aquifer behaviour during well development and sample purging suggests that the hydraulic conductivity of 
the shallow Newer Volcanics Aquifer is highly heterogenous, which is typical of fracture aquifers where 
groundwater conductivity is dependent on fractures within the rock, their size, weathering and connectivity. 
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Fractured rock aquifer hydraulic conductivity, depending on their type of confinement, thickness and degree 
of fracturing / weathering will vary by several orders of magnitude (Freeze and Cherry, 1979). Given this, it is 
difficult to interpret hydraulic conductivity with a high degree of confidence.  

Hydraulic conductivity (K) was estimated from the drawdown observed during purging with low-flow micro-
purge pumps and is presented in Table 10-4. K values were calculated for selected wells from drawdown 
data by using the Theis method to plot the drawdown curve for purging data. The drawdown (m) and purging 
time (days) were used as the two points of truth to match the K value to curves plotted in Microsoft Excel. 
Robbins et al. (2009) demonstrated that results calculated using this method is statistically equivalent to the 
same data measured using slug tests. Given this, it considered that this method is appropriate to get an 
approximate indication of K values across the Site.  

Table 10-4   Interpreted hydraulic conductivities 

Area Well ID Drawdown (m) Interpreted hydraulic 
conductivity K (m/d) 

Geology of screened interval 

Williams Landing MW130 0.4 0.03 Basalt, fresh, moderately fractured 

Williams Landing MW131 0.021 6.25 
Basalt, fresh, moderate – highly 
fractured 

Williams Landing MW129 1.685 0.004 
Basalt, fresh, moderate – highly 
fractured 

Williams Landing MW136 0.054 0.88 
Basalt, fresh / crystalline, 
moderately fractured 

Western Finger MW100 0.036 2.15 Basalt, air-hammered  
South East Corner MW110 0.365 0.37 Basalt* 
Northern Open Space MW111 0.045 1.25 Basalt* 
Wet Testing Area MW117 0.31 0.30 Basalt* 
Wet Testing Area MW119 0.182 0.19 Basalt*  
Northern Open Space MW114 0.024 4.70 Basalt* 

Laverton MW124 0.632 0.03 
Basalt, minor weathering, 
moderately fractured.  

Williams Landing MW130 0.4 0.03 Basalt, fresh, moderately fractured  
Truganina (Riha and 
Kenley, 1978) 

Bore 20 - 11.7 (Upper aquifer) 
17.2 (Lower aquifer) 

Basalt aquifer system determined 
from discharge-recharge and 
conventional pumping tests  

*wells drilled with air-hammer method, unable to observe fracturing.  
 
These results highlight the variability in the flows through the fracture Newer Volcanics Aquifer and provide 
an indicative measure of the general hydraulic conductivity in the area. It is noted that the average value of 
flow velocity was also determined from chemical tracers by Riha and Kenley (1978) to be 6.21 m/day.  

It is acknowledged that there is a degree of uncertainty with the results, given the parameters that Theis 
equations are based on such as: 

 Aquifer is homogenous and of uniform thickness 

 Aquifer is non-leaky confined. 

Given that the aquifer rock mass (basalt) is non-porous with uneven fractures, and the total thickness for the 
investigation area (and vertical connectivity) is unknown adds some uncertainty to the data. However, 
despite this it is considered that the calculated K values are still suitable for the purposes of this 
investigation. These K values will assist with the preparation of the PMAP in an assessment of whether the 
groundwater flux becomes an important factor relative to PFAS surface water flux. 

10.3.5 Field measured groundwater chemistry parameters 
In-situ groundwater chemical parameters (temperature, dissolved oxygen, reduction/oxidation potential 
(redox), and electrical conductivity (EC)) were monitored during field purging prior to collecting samples. 
Final measurements were recorded before sampling are summarised over the following sections. The field 
measured groundwater chemistry parameters and calibration certificates are provided in Appendix E.  
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Temperature 

 Measured groundwater temperatures ranged between approximately 15.3⁰C and 20.7⁰C for all wells 
measured in the IA across all groundwater sampling events.  

 Average temperatures for the monitoring rounds were 18.1⁰C (August 2018), 18.9⁰C (February 2019), 
17.4⁰C (July 2019) and 18.1⁰C (January 2020). 

 Temperature measured in August 2018 compared to February 2019 was on average 0.7⁰C cooler, which 
is partially attributed to seasonal variation and sampling depth (wells sampled in August included some 
wells that were deeper than newer wells installed in February 2019).  

 Wells sampled in July 2019 reported temperatures slightly cooler compared to August 2018 and January 
2019, ranging from 15.3 to 20.3ºC. This was attributed to seasonal variation only as wells sampled were 
typically shallow (<10 m bgl).  

 Wells sampled in January 2020 reported temperatures similar to August 2018. 

Dissolved Oxygen 

 Measured concentrations of groundwater dissolved oxygen ranged between approximately 0.1 mg/L and 
9.11 mg/L. The average DO was 3.5 mg/L. 

 The lower concentrations (reported for wells located within the Western Finger) are inferred to reflect 
reducing conditions associated with degradation of waste or groundwater contaminants, such as 
petroleum compounds.  

 The higher concentrations, such as in some wells at the Golf Course or Site boundary, are inferred to 
reflect local recharge.  

 DO measured during the July groundwater sampling ranged from 0.19 – 9.11 mg/L, which correlates with 
higher groundwater levels.  

Electrical Conductivity / Total Dissolved Solids (TDS) 

 EC values ranged between approximately 626 µS/cm and 22,047 µS/cm (note that EC readings for 
GWAM/1 and GWAM/2 are assumed to be erroneous as the EC is significantly lower than the laboratory 
measured TDS and these were the first two measurements of the field program).  

 The average EC was 5620 µS/cm. 

 Laboratory determined TDS ranged from 400 mg/L to 13,000 mg/L The average TDC was 3400 mg/L 
(Segment C). 

 The Site-specific conversion factor TDS/EC was on average 0.63. 

 Groundwater salinity measured on-Site was predominantly brackish to saline, with 80 out of the 109 
measurements reported EC values above 1,200 µS/cm.  

 29 wells reported fresh water conditions (<1,200 µg/L), which appear to be concentrated within in the 
southern boundary of the Site (particularly the hazardous chemicals storage & electroplating workshop).  

 Historical data from 21 wells across the former Base extents indicated TDS concentrations ranging from 
2,456 mg/L to 8,804 mg/L, which is within the ranges observed in the current investigation. 

 The groundwater quality near the Former Primary Fire Training Area is highly variable, ranging from 
1,067 mg/L (MW132) to 12,904 mg/L (MW131). Historical measurements (ENRI / AECOM 2008) in this 
area ranged from 6,000 mg/L (decommissioned well MW20) to 8,700 mg/L (decommissioned well 
MW19). 

 The only groundwater well available for longer term temporal assessment was MW16, which reported 
TDS of 6,200 mg/L in July 2008 (ENRI / AECOM 2008) and 1,770 mg/L in September 2018 (SLR 
Consulting 2018a). This significant decrease in salinity is considered to be a result of the construction of 
the Addison Wetlands and such a decrease was not identified when comparing results from MW131 and 
the decommissioned MW19 (increase from 8,700 mg/L to 10,681 mg/L). 

 The influence of Addison Wetlands can partially explain the lower salinities observed in groundwater wells 
in the Western Finger, which are generally lower than the broader Site. 
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pH  

 pH measured in the field recorded between 5.6 (slightly acidic) to 9.1 (moderately basic) across all 
groundwater sampling events. The average pH was 7.6. 

 pH measurements across the investigation area did not vary significantly between different sampling 
events.  

 Average pH for the monitoring rounds were 7.7 (August 2018), 7.6 (February 2019), 7.8 (July 2019) and 
6.9 (January 2020). 

 There is no statistically significant relationship between more alkaline pH readings and PFAS impacted 
monitoring wells.  

Reduction-Oxidation Potential (Redox) 

 Redox potential across the investigation area ranged between +10 to +317 mV (SHE Corrected) across 
the three groundwater sampling events. The average was 217 mV. 

 Average redox potential for the monitoring rounds were 206 mV (August 2018), 232 mV (February 2019), 
278 mV (July 2019) and 206 mV (January 2020). 

 Maximum recorded redox values (SHE corrected) were similar across the three events (301, 316, 311 
and 244 mV in August 2018, February 2019, July 2019 and January 2020 respectively).  

 Minimum redox values reported a wider range in comparison, reporting -17, 72 and 194 and 175 
mV (SHE corrected) respectively.  

 The exact cause of this is unknown but is potentially a product of seasonal recharge.  

10.3.6 Major ion composition and groundwater types 
Samples collected from select wells were analysed for major cations and anions to evaluate the types of 
groundwater across the Site. These results provide context about the interaction between locally recharged 
groundwater and regional groundwater results from analysis of major cations and anions A compilation of 
laboratory results and calculated total dissolved solids (TDS) is presented in Appendix E. 

Inspection of results from the earlier works results indicates the following: 

 TDS ranges between 400 mg/L (GW2/6 screened in the Upper Basalt near Air Movements) and 
9,400 mg/L (GWOFF/1 screened in the Upper Basalt in the northern portion of the Site).  

 The lower values of TDS (less than 1,000 mg/L) reported for groundwater wells mainly in the Western 
Finger are considered to reflect the dilution of brackish regional groundwater by local recharge from 
leaking water mains or storm-water and influence from Addison Wetlands 

 Higher values of TDS (greater than 5,000 mg/L) reported for the wells in the central, northern and 
eastern portions of the Site reflect the regional groundwater  

 TDS ranges in later work where samples were collected from wells across Williams Landing and 
downgradient of the Site reported concentrations in the range of 1,067 mg/L and 15,212 mg/L. This high 
variability can be expected in the Newer Volcanics (Leonard 1992) 

A Piper plot was used to visualise the groundwater types. Key findings shown on the Piper plot (refer Figure 
10-5) include; 

 Site groundwater in each area 

 Northern open space (on-Site) waters were typically saline (end-product) water (NaCl type) 

 Central-East section (on-Site) were all saline (end-product) water (NaCl type) 

 Western Boundary section (on-Site) shows a mixture of NaCl, and NaHCO3 types 

 Western Finger Area groundwater shows a mixture of NaCl, NaHCO3 and other types of waters that is 
considered to be a product of local recharge and existing legacy contamination issues 
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 Southern Boundary (on-Site) were typically site exchanged water (NaHCO3 type), except for the 
higher TDS groundwater from MW108 which was NaCl type 

 South-Eastern Corner (on-Site) showed two types; saline water (NaCl type, MW110 and MW140) and 
site exchanged water (NaHCO3 type, MW138 and MW139) 

 Off-site down gradient water was typically saline (end-product) water (NaCl type) with MW124 
exhibiting a mixed type 

 Former Base extents (off-Site) were typically saline (end-product) water (NaCl type), except for at two 
locations that were site exchanged water (NaHCO3 type, MW132 and MW129) 

 

Figure 10-5    Piper plot of major ion composition of groundwater in the investigation area 

 

The groundwater in the northern / central sections and off-Site downgradient (including MW110 and MW140) 
showed the same characteristics (generally NaCl type). In comparison, the groundwater on the southern 
boundary (including MW138 and MW139) was NaHCO3 type. Hence, it appears that there are two different 
types of water present on-site and the TDS of the groundwater has a strong influence. The Piper plot with the 
low salinity samples removed (TDS below 2000 mg/L) were generally NaCl type (refer to Figure 10-6). The 
low salinity samples are considered to be strongly influenced by local recharge, potentially from a leaking 
main. 
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Figure 10-6    Piper plot of major ion composition of groundwater in the investigation area with higher TDS 

 

Figure 10-6 shows the groundwater chemistry more typical of the expected background, which are generally 
from the northern section of the site. The groundwater chemistry from the southern boundary has been 
influenced by local recharge and the Western Finger shows several different types of groundwater due to this 
recharge and the industrial activities. The newly installed wells on the northern boundary of the Western 
Finger (MW100, MW101, MW102 and MW120) are NaCl type similar to the typical groundwater chemistry of 
the northern section. 

In general, there are three groupings of groundwater conditions across the investigation area: 

 Typical groundwater conditions across most of investigation area – NaCl type 

 Groundwater on Site southern boundary Influenced by local recharge – NaHCO3 type 

 Groundwater in Western Finger Influenced by local recharge and historical industrial contamination – 
mixed type (with both NaCl and NaHCO3 types present) 

10.3.7 Background PFAS concentrations 
The groundwater monitoring wells at the northern Site boundary recorded detects of 0.03 µg/L PFOS and 
0.01 µg/L PFHxS (GWA/1) and 0.09 µg/L PFOS and 0.04 µg/L PFHxS (GWK/1) during the preliminary 
groundwater monitoring event (August, 2018). The additional wells that were installed on the Northern Site 
boundary (MW114 and MW115) reported groundwater concentrations below the LOR for PFOS, while 
PFHxS was detected at 0.01 μg/L and below LOR in MW115 and MW114 respectively.  

Therefore, the background concentration, which was assumed to be close to the LOR during the formulation 
of the sampling plan (0.01 µg/L), was confirmed by the additional results from MW114 and MW115.  
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10.3.8 Groundwater analytical results 
Groundwater analytical results were compared to adopted screening criteria (where land use is relevant), 
which are summarised in Section 6. Groundwater monitoring well locations and analytical results for 
combined PFOS and PFHxS screened against adopted ecological and human health screening criteria are 
presented on Appendix A - Figures 17. A compilation of laboratory results is presented in Appendix F. The 
laboratory certificates of analysis are provided in Appendix G. 

Key observations regarding the laboratory results include: 

Northern Open Space: 

 The highest PFAS concentration reported for wells on-Site up hydraulic gradient (MW114, MW115, 
GWK/1) was 0.13 µg/L (Sum of PFHxS + PFOS) from GWK/1.  

 Newly installed wells along the northern Site boundary reported PFAS concentrations either below the 
LOR (MW114) or equal to LOR (0.01 µg/L – MW115).  

 Wells located across the Northern Open Space (21) reported concentrations ranging from 0.01 – 1.23 
µg/L. The PFOS and PFHxS highest concentration was 1.23 µg/L, reported in GWC/1. 

Central East: 

 On-site wells in the Central-East area reported concentrations of PFAS (Sum of PFOS + PFHxS) ranging 
from 0.69-2.41 µg/L PFOS and PFHxS. 

 The highest concentration was reported in GW130/3 at 2.41 µg/L 

Western Boundary (incorporating Wet Testing Area):  

 The former Wet Testing Area reported the highest concentrations of PFAS in groundwater within the 
investigation area.  

 Reported concentrations from the sampled monitoring wells (11) ranged from 2.6 to 1,360 µg/L PFOS 
and PFHxS 

 GW34/1 reported the highest concentration of 1,360 µg/L, while the next most impacted well was 
GWAM/5, which reported 87 µg/L PFOS and PFHxS (approximately 50 m south from GW34/1). 

 Newly installed well MW117, which was installed adjacent to the concrete hardstand area 50 m from the 
former Fire Station reported the third highest concentration of 78 µg/L (approximately 200 m north of 
GW34/1). 

Western Finger Area:  

 Reported concentrations from the sampled monitoring wells within the WFA (48) of the Site ranged from 
0.47 to 27.4 µg/L PFOS and PFHxS. The maximum reported concentration was observed at GW155/6. 

 The most impacted area on the WFA is in the vicinity of the former Hazardous Chemicals Storage area, 
followed by bores located on the eastern section of the WFA (down-gradient from the Wet Testing Area) 
and around the former electroplating workshop. 

Southern Boundary: 

 Reported concentrations from the sampled monitoring wells (8) on the southern boundary ranging from 
0.3 to 63 µg/L PFOS and PFHxS  

 The highest concentration was reported in MW105 (63 63 µg/L PFOS and PFHxS), which was 
approximately 10 times higher than the next highest concentration (MW104, 6.1 µg/L). MW105 is located 
hydraulically downgradient from the Wet Testing Area 

South Eastern Corner (Former GEMS Compound) 

 Reported concentrations from the sampled monitoring wells (4) in the South-Eastern Corner of the Site 
ranged from 1.2 to 108 µg/L PFOS and PFHxS  
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 The highest concentration was reported in MW110 (76 and 108 µg/L PFOS and PFHxS), which is on the 
eastern boundary of the Site, slightly up gradient from an adjacent (off-Site) automotive workshop and 
former GEMS compound. 

 The second highest concentration was reported in MW139 (87 µg/L PFOS and PFHxS), which is closer to 
the former GEMS compound than MW110. This monitoring well is located to the north east of the Former 
GEMS Compound off the hardstand area 

Former Base extent (Williams Landing Development) 

 Reported concentrations from the sampled monitoring wells (4) installed off-Site in Williams Landing 
ranging from below LOR to 15.4 µg/L PFOS and PFHxS  

 The highest reported concentrations were from wells installed within the former Primary Fire Training 
Area (MW130 and MW131), which according to geo-referenced aerial overlays was in proximity to what is 
now Elmstead Park in Williams Landing.  

 Wells located across and up gradient reported lower concentrations comparable to other locations on-Site 
that were up- or cross-gradient (e.g. MW136 reported results below the LOR for all PFAS chemicals).  

Off-Site Downgradient (Laverton) 

 Reported concentrations from the sampled monitoring wells (6) installed downgradient of known source 
areas (off-Site) ranged from 0.3 to 4.0 µg/L PFOS and PFHxS  

 The highest reported concentrations were from MW123, which was installed closest to the Site boundary 

A summary of laboratory results and screening criteria exceedances is included in Table 10-5. These results 
are grouped based on the relationship between groundwater monitoring well location and known sources. A 
summary cumulative frequency plot of groundwater analytical results (including previous studies and QAQC 
samples) is shown in Figure 10-7. 

Figure 10-7    Cumulative frequency plot of groundwater results (including previous studies and QAQC samples) 

 

These cumulative frequency plots show the predominant PFAS compounds in groundwater are PFOS and 
PFHxS. PFHxA and PFOA were also reported to a lesser extent, the distribution of PFAS compounds is 
further discussed in Section 11.3. In general, the groundwater results show a wider range of different PFAS 
compounds than the soils. These results are further summarised with respect to ecological and human 
health guidance levels in Table 10-5.. 
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Table 10-5    Summary of groundwater analysis and groundwater screening criteria exceedances 

Analyte No. samples 
tested No. of detects 

Measured concentrations (µg/L) Screening criteria (µg/L) Number of 
samples 

exceeding 
screening criteria 

Min Mean Max Human health 
(Recreational) 

Ecological  
(90% 

protection) 
Ecological  

(95% protection) 

NORTHERN OPEN SPACES 

PFOS 22 19 < 0.01 0.098 0.55 2 2 0.13 
HH (Rec.): 0 
Eco. (95%): 4 
Eco. (90%): 0 

PFOA 22 5 < 0.01 0.008 0.02 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 22 0 <0.01 <0.01 ND - - - - 

PFHxS 22 17 <0.01 0.16 0.89 2 - - HH (Rec.): 0 

Other PFAS 22 8 0.01 N/A 0.19 - - - - 

PFHxS+PFOS 22 21 <0.01 0.26 1.23 2 - - HH (Rec.): 0 

Sum of PFAS 22 142 <0.1 0.37 1.78 - - - - 

CENTRAL-EAST 

PFOS 8 8 0.35 0.89 1.7 2 2 0.13 
HH (Rec.): 0 
Eco. (95%): 8 
Eco. (90%): 0 

PFOA 8 8 0.01 0.123 1.2 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 8 0 <0.01 <0.01 ND - - - - 

PFHxS 8 8 0.34 0.54 0.84 2 - - HH (Rec.): 0 

Other PFAS 8 8 0.07 N/A 0.13 - - - - 

PFHxS+PFOS 8 8 0.69 1.28 2.41 2 - - HH (Rec.): 3 

Sum of PFAS 8 8 0.90 1.56 2.79 - - - - 

SOUTHERN BOUNDARY 

PFOS 8 8 0.06 5.9 41 2 2 0.13 
HH (Rec.): 2 
Eco. (95%): 6 
Eco. (90%): 2 

PFOA 8 5 0.01 0.19 1.2 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 8 0 <0.01 N/A ND - - - - 
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Analyte No. samples 
tested No. of detects 

Measured concentrations (µg/L) Screening criteria (µg/L) Number of 
samples 

exceeding 
screening criteria 

Min Mean Max Human health 
(Recreational) 

Ecological  
(90% 

protection) 
Ecological  

(95% protection) 

PFHxS 8 8 0.01 3.8 22 2 - - HH (Rec.): 3 

Other PFAS 8 8 <0.01 N/A 5 - - - - 

PFHxS+PFOS 8 8 0.3 9.7 63 2 - - HH (Rec.): 4 

Sum of PFAS 8 8 0.34 12.4 78.2 - - - - 

SOUTH-EASTERN CORNER 

PFOS 5 5 0.44 28 56 [78] 2 2 0.13 
HH (Rec.): 4 
Eco. (95%): 5 
Eco. (90%): 4 

PFOA 5 5 0.02 0.48 2.3 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 5 0 <0.01 N/A ND - - - - 

PFHxS 5 5 0.75 27.3 52.0 [55.7] 2 - - HH (Rec.): 4 

Other PFAS 5 5 <0.01 N/A 11 [11.2] - - - - 

PFHxS+PFOS 5 5 1.2 56 108 [134] 2 - - HH (Rec.): 4 

Sum of PFAS 5 5 1.6 72.8 133.8 [165.1] - - - - 

WESTERN FINGER 

PFOS 48 48 0.19 3.1 19 2 2 0.13 
HH (Rec.): 22 
Eco. (95%): 48 
Eco. (90%): 22 

PFOA 48 44 < 0.01 0.09 0.41 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 48 1 0.12 N/A 0.12 - - - - 

PFHxS 48 48 0.15 1.8 8.4 2 - - HH (Rec.): 12 

Other PFAS 48 48 0.01 N/A 3.3 - - - - 

PFHxS+PFOS 48 48 0.47 4.8 27.4 2 - - HH (Rec.): 26 

Sum of PFAS 48 48 0.51 6.4 34.4 - - - 

- 
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Analyte No. samples 
tested No. of detects 

Measured concentrations (µg/L) Screening criteria (µg/L) Number of 
samples 

exceeding 
screening criteria 

Min Mean Max Human health 
(Recreational) 

Ecological  
(90% 

protection) 
Ecological  

(95% protection) 

WESTERN BOUNDARY (INCLUDING WET TESTING AREA) 

PFOS 11 11 1.2 83 720 2 2 0.13 
HH (Rec.): 11 
Eco. (95%): 11 
Eco. (90%): 11 

PFOA 11 11 0.04 4.19 40 10 632 220 HH (Rec.): 1 
Eco. (95%): 0 

6:2 FTS 11 0 <0.01 ND ND - - - - 

PFHxS 11 11 1.3 12.93 71.90 2 - - HH (Rec.): 10 

Other PFAS 9 1 0.05 N/A 180 - - - - 

PFHxS+PFOS 11 11 2.6 154.95 1360 2 - - HH (Rec.): 11 

Sum of PFAS 11 11 3.43 209.73 1843 - - - - 

OFF-SITE (DOWNGRADIENT) 

PFOS 6 6 0.06 0.75 3.1 2 2 0.13 
HH (Rec.): 4 
Eco. (95%): 5 
Eco. (90%): 4 

PFOA 6 6 0.01 0.02 0.20 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 6 0 < 0.05 ND ND - - - - 

PFHxS 6 6 0.22 0.55 1.1 2 - - HH (Rec.): 0 

Other PFAS 6 6 < 0.01 N/A 0.22 - - - - 

PFHxS+PFOS 6 6 < 0.01 1.31 3.96 2 - - HH (Rec.): 1 

Sum of PFAS 6 6 < 0.05 1.69 4.69 - - - - 

OFF-SITE (FORMER BASE) 

PFOS 11 8 < 0.01 0.59 3.4 2 2 0.13 
HH (Rec.): 2 
Eco. (95%): 4 
Eco. (90%): 2 

PFOA 11 6 < 0.01 0.11 0.57 10 632 220 HH (Rec.): 0 
Eco. (95%): 0 

6:2 FTS 11 0 < 0.05 ND ND - - - - 

PFHxS 11 9 < 0.01 2.15 12 2 - - HH (Rec.): 2 
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Analyte No. samples 
tested No. of detects 

Measured concentrations (µg/L) Screening criteria (µg/L) Number of 
samples 

exceeding 
screening criteria 

Min Mean Max Human health 
(Recreational) 

Ecological  
(90% 

protection) 
Ecological  

(95% protection) 

Other PFAS 11 10 < 0.01 N/A 6.7 - - - - 

PFHxS+PFOS 11 10 < 0.01 2.74 15.4 2 - - HH (Rec.): 2 

Sum of PFAS 11 82 < 0.1 5.6 32.8 - - - - 
Table note: 1Values in brackets represent PFAS concentrations within intra- or inter-laboratory duplicates 

2The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded  
3Note that there were 96 exceedances of drinking water guidelines, the pathway is not considered complete as there are no on-Site groundwater users 
4Detects of other PFAS compounds in excess of PFOA human health recreational screening criteria – this risk assessed in conjunction with exceedances for PFOS/PFOA/PFHxS 
Concentrations detected above the screening criteria are highlighted in orange with the corresponding screening criteria that have been exceeded are highlighted in bold and underlined 
N/A: Not applicable, ND: Non-detect,- No criteria currently available 
0.77 Reported value exceeds screening criteria 
[3.6] Maximum value reported was for duplicate / triplicate sample 
2 Screening criteria exceeded 
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10.3.9 Impacts on Beneficial Uses 
The impacts of the identified contamination on the protected beneficial uses of Segment C groundwater on-
Site and off-Site are summarised in Table 10-6. 

Table 10-6    Evaluation of Groundwater SEPP Beneficial Uses 

Beneficial Use Precluded 
on-Site 

Precluded 
off-Site Comment 

Water dependent 
ecosystems and species 

No Yes PFOS and PFOS + PFHxS results reported for 
groundwater samples collected adjacent to the point of 
discharge into Skeleton Creek (MW121-MW123) are 
above the adopted screening level (i.e. 95% species 
protection level for freshwater ecosystems). Therefore, 
this beneficial use is considered to be precluded off-
Site where PFAS-impacted groundwater is likely 
discharging into surface waters.  

Groundwater that may potentially discharge to on-Site 
surface water bodies (i.e. Doherty’s Drain / Laverton 
Creek) have historically contained PFAS 
concentrations at levels below the adopted 95% 
species protection levels, with the exception of one 
result to date. The one exceedance (0.17 µg/L PFOS 
vs. criterion of 0.13 µg/L) is located at groundwater 
monitoring well GWOFF/1, which is in the area of 
Doherty’s Drain that is a concrete lined channel. 

Human consumption 
after appropriate 
treatment 

Not 
applicable 

Not 
applicable 

The regional groundwater falls within Segment C 
(3,101-5,400 mg/L TDS); hence, would not be 
considered potable, except for limited areas as a result 
of localised recharge from seepage at the West Testing 
Area, isolated parts of the Site boundary and WFA. 
The potable water supply is provided by reticulated 
sources serviced by Melbourne Water and there are no 
plans to use groundwater for any purposes on-Site. 
Therefore, potable water supply is not considered a 
protected beneficial use for on-Site and off-Site 
groundwater.  

Potable mineral water 
supply 

Not 
applicable 

Not 
applicable 

Site groundwater is not within a declared mineral water 
supply area. Therefore, this beneficial use is not 
considered relevant and is not considered further. 

Agriculture and irrigation 
(Irrigation) 

Not 
applicable 

Not 
applicable 

Groundwater results reported for the commercial / 
industrial area of Site exceeded the adopted screening  

Site ground water is overall Segment C and therefore 
this beneficial use is not considered relevant. 
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Beneficial Use Precluded 
on-Site 

Precluded 
off-Site Comment 

Agriculture and irrigation 
(Stock watering) 

Yes Yes While no stock is kept on-Site, groundwater results 
reported for several wells located in the investigation 
area exceeded the adopted initial screening level (that 
is, PFOS drinking water screening level derived for 
human health). However, stock would not be kept in 
the commercial / industrial area due to the 
incompatibility with Site operations. Therefore, this 
beneficial use is not likely to be realised on-Site. 

While no stock is kept in the former Base extents or 
immediate surrounds of the Site, groundwater results 
reported for several wells located in the investigation 
area exceeded the adopted initial screening level. 
However, stock would not be kept in the commercial / 
industrial area due to the incompatibility with land use. 
Therefore, this beneficial use is not likely to be realised 
off-Site. 

The areas of maintenance of stock are located 
approximately 5 km from Site (hydraulically cross 
gradient). It is considered highly unlikely that Site-
derived groundwater impacts are above the adopted 
initial screening level. 

Human consumption of 
aquatic foods 

(natural populations – 
commercial and 
recreational catch) 

Not 
applicable 

Yes Groundwater is not inferred to interact significantly with 
on-Site surface water bodies. 

WUS results report that Skeleton Creek has been used 
for fishing. Further investigation (including site visits 
and discussions with residents and community groups) 
indicates that recreation fishing and consumption of 
carp and eels may occur (refer to Section 3.1 for 
further discussion).  

Industrial and 
commercial use 

Yes Yes As Tier 1 screening levels for industrial water use are 
not available, criteria for drinking water derived for 
human health were used for initial screening purposes.  

The screening results indicated exceedances across 
the Site and for off-Site commercial / industrial areas 
assessed. However, the availability of mains water in 
these commercial / industrial areas would make it 
unlikely for Site-derived brackish groundwater to be 
used for commercial or industrial uses. Therefore, this 
beneficial use is not considered likely to be realised on-
Site or off-Site. 

Water-based recreation No No Reported concentrations of PFAS in surface waters 
interacting with groundwater are below screening 
levels for primary contact recreational activities in 
Skeleton Creek and Laverton Creek. 

Traditional Owner 
cultural values 

No No Reported concentrations of PFAS in natural surface 
waters interacting with Site-derived groundwater are 
below 90% species protection default guideline values 
considered protective of cultural and spiritual values. 
Noting that the one exceedance is from a constructed 
wetland. 
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Beneficial Use Precluded 
on-Site 

Precluded 
off-Site Comment 

Cultural and spiritual 
values 

No No Reported concentrations of PFAS in natural surface 
waters interacting with Site-derived groundwater are 
below 90% species protection default guideline values 
considered protective of cultural and spiritual values. 
Noting that the one exceedance is from a constructed 
wetland. 

Navigation and shipping No No Site-derived PFAS-impacted groundwater is not 
anticipated to adversely affect navigation and shipping. 

Buildings and structures No No Site-derived PFAS-impacted groundwater is not 
anticipated to adversely affect buildings or structures. 

Geothermal properties Not 
applicable 

Not 
applicable 

Site-derived PFAS-impacted groundwater is not 
anticipated to adversely affect impact geothermal 
properties. 

. 
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10.4 Surface water, sediment, and pore water investigation 

10.4.1 Field observations 
Two main drainage lines flow through the Site (refer Figure 7 in Appendix A) – Doherty’s Drain and Laverton 
Creek. Surface water from Site drains into Skeleton Creek to the south and Wetlands in Williams Landing to 
the West and South-west. Storm-water drains service the Site with an extensive network across the main 
operational area of the Site. Site plans indicate that this network discharges into the drains and into Skeleton 
Creek.  

Sampling of surface water, sediment and pore water occurred over multiple sampling events between August 
2018 and March 2019 (as outlined in Table 8-1in Section 8.2). Sampling event timing was spread out over 
this period due to the evolving nature of the sampling plan, and access constraints.  

Sediment samples were collected from each surface water location, and bulk pore water samples were 
collected from select locations (50% of all locations) consisting of generally dark grey to black, silty to clayey 
material with a high component of organic material (vegetation roots/ weeds) incorporated into the 
sediments. Results from these samples are presented in Sections 10.4.5 and 10.4.6.  

Key observations for the field conditions follow: 

 Doherty’s Drain 

 Surface water flowing onto the Site from the northern boundary is slightly alkaline, reducing and fresh 

 Surface water in Doherty’s Drain becomes slightly more alkaline and saline across Site 

 Surface water in Doherty’s Drain becomes slightly less alkaline and fresher across Site after joining 
with Laverton Creek 

 Laverton Creek 

 Surface water flowing onto the Site from the northern boundary is slightly alkaline, reducing and fresh 

 Surface water in Laverton Creek becomes slightly more alkaline and saline after leaving Site, 
according to measurements collected from Laverton Creek further down gradient.  

 Skeleton Creek 

 Surface water measured in August 2018 indicated in Skeleton Creek is slightly alkaline, reducing and 
brackish; 

 Surface water measured in January 2019 indicated ambient conditions which were similar (alkaline, 
brackish), but oxidising in contrast to reducing conditions measured in August 2018.  

 Constructed Wetlands  

 Surface water measured in the wetlands in Williams Landing (Addison, Kingwell and Ashcroft) were 
fresh to brackish, neutral to slightly acidic and slightly reducing or oxidising.  

 Laverton RAAF Swamp  

 Surface water measured in the Laverton RAAF Swamp were fresh to brackish, slightly alkaline to 
slightly acidic and slightly reducing or oxidising.  
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Figure 10-8    Skeleton Creek flowrates (measured by Melbourne Water at Hoppers Crossing) for the 20-21 Aug 2018, 17 Jan 2019,  6 Feb 2019 and 3 Jul 2019 surface water, 

sediment and pore water sampling events  
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Flow Rates 

Indicative surface water body flow rates were noted so an estimate of the potential contaminant flux rate can 
be estimated for the DSI. Based on observations made during sampling events, (by recording the time taken 
for an object to travel under the bridge on Point Cook Road), the flow rates of Skeleton Creek, Laverton 
Creek and Doherty’s Drain are outlined in Table 10-7.  

For example, the recorded flowrates in Skeleton Creek were assigned confidence intervals to each flow rate 
measurement due to some uncertainties when making calculations. Data on flow rates was often collected 
opportunistically and some parameters (i.e. flow rate, creek depth, width) were not always reliably measured. 
Where flow rates were calculated using data where all parameters were reliably measured, a confidence 
level of 1 was assigned. Where a single parameter (i.e. depth) was assumed or calculated from others, a 
confidence level of 2 was given. Where two or more parameters were assumed (i.e. depth and flow rate) a 
confidence level of 3 was given. 

Table 10-7    Surface water flow rate estimates during high rainfall event (June 2019) 

Site  Location  Flow Rate (m3/s) 
on 3/06/2019 

Confidence 
level 

Comment  

SKELETON CREEK 

SW20 Skeleton Creek mid-stream (pre-
rain event) 

0.53 1 Based on average flow measurement at 
Hoppers Crossing 

SW20 Skeleton Creek mid-stream 
(post-rain event) 

4.20 2 Based on average flow measurement at 
Hoppers Crossing 

LAVERTON CREEK 

SW05 Laverton Creek / Doherty’s Drain 
confluence 

2.70 1  

SW11 Laverton Creek up-stream 2.08 1  

SW15 Laverton Creek mid-stream 2.40 3 Flow rate and exact depth unknown. 
Estimated based on average of SW05 and 
SW11 

DOHERTY’S DRAIN 

SW10 Doherty’s Drain up-stream 0.03 2 Flow velocity estimated as almost 
stagnant 

SW03 Doherty’s Drain mid-stream 0.03 1  

OTHER 

SW27 Bio-Retention Pond in Williams 
Landing 

0.05 1 Flow velocity estimated as almost 
stagnant (based on SW42) 

SW34 SW Drainage Channel 0.02 1  

SW42 Storm water drain between 
natural wetlands and Skeleton 
Creek 

0.05 1  

SW43 Storm water drain in WFA  0.003 2 Flow velocity uncertain, estimated at 0.01 
m/s 
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10.4.2 Field measured surface water chemistry parameters 
Field water quality parameters were measured to characterise the physio-chemical properties of this 
potential PFAS pathway. A compilation of readings is presented in Appendix E – Field Data. Field GPS 
coordinates and photographic records were collected at each sampling location for future reference.  

Field parameters including temperature, dissolved oxygen, reduction/oxidation potential, and electrical 
conductivity (EC) were measured at each sampling location 

During August 2018, measured surface water temperatures ranged between approximately 8⁰C and 10⁰C 
and pH ranged from 7.5 to 8.5. Measured concentrations of groundwater dissolved oxygen ranged between 
approximately 5.7 mg/L and 10.9 mg/L and were reducing.  

In January / February 2019, measured surface water temperatures ranged between approximately 24⁰C and 
26.7⁰C and pH ranged from 7.15 to 8.36. Measured concentrations of groundwater dissolved oxygen ranged 
between approximately 2.43 mg/L and 7.9 mg/L and generally oxidising. 

In July 2019, measured surface water temperatures ranged between approximately 10⁰C and 12⁰C and pH 
ranged from 7.15 to 7.9. Measured concentrations of groundwater dissolved oxygen ranged between 
approximately 7 mg/L and 11.5 mg/L and were oxidising. 

Table 10-8    Surface Water Field Parameter Readings (normal conditions) 

Site Date Description / Area 
Dissolved 
Oxygen 
(mg/l) 

Electrical 
conductivity 

(μS/cm) 
pH 

Redox 
Potential 

(mV) 

Temp 
(ºC) 

SW01 20/08/2018 Doherty’s Drain 10.44 1402 8.02 -32.2 8.1 

SW02 20/08/2018 Doherty’s Drain 10.66 1741 8.26 -20.1 8.2 

SW03 20/08/2018 Doherty’s Drain 10.11 1852 8.39 -46.7 8.7 

SW04 20/08/2018 Doherty’s Drain 9.36 1658 8.21 -61.5 9.1 

SW05 20/08/2018 Doherty’s Drain / Laverton Creek 
confluence 

6.93 1668 7.63 -35.7 9.3 

SW06 20/08/2018 Laverton Creek 9.24 225.1 7.56 -54.2 8.9 

SW07 20/08/2018 Laverton Creek / Doherty’s Drain 
confluence 

10.12 249.4 7.66 -40.3 9 

SW08 20/08/2018 Doherty’s Drain 9.63 8.19 7.8 -56.1 8.19 

SW09 20/08/2018 Laverton Creek 9.57 240.1 7.94 -48.2 9.1 

SW10 20/08/2018 Doherty’s Drain 10.87 137.5 7.75 -20.9 8.5 

SW11 20/08/2018 Laverton Creek 10.57 226 7.54 -33.4 9.1 

SW12 21/08/2018 Skeleton Creek 5.76 3140 76 -44.7 10 

SW13 21/08/2018 Skeleton Creek  6.76 2561 7.57 -22.6 8.9 

SW14 21/08/2018 Skeleton Creek  7.64 2445 7.62 -22.8 9.5 

SW15 21/08/2018 Laverton Creek 9.69 663 7.75 -50.4 8.4 

SW16 21/08/2018 Laverton Creek 8.55 539 7.66 -44.6 9.1 

SW17 21/08/2018 Laverton Creek  8.09 453.2 7.56 -58.9 10.1 

SW19 17/01/2019 Kingwell Wetland 5.62 557 8.18 90.2 26.7 

SW20 17/01/2019 Skeleton Creek 2.43 6280 7.15 112.4 24.4 

SW21 17/01/2019 Skeleton Creek 4.74 7569 7.66 53.9 24.7 

SW24 17/01/2019 Skeleton Creek 7.9 3379 8.36 118.6 24.1 
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Site Date Description / Area 
Dissolved 
Oxygen 
(mg/l) 

Electrical 
conductivity 

(μS/cm) 
pH 

Redox 
Potential 

(mV) 

Temp 
(ºC) 

SW25 17/01/2019 Skeleton Creek 7.42 3455 8.06 94.2 25.5 

SW26 17/01/2019 Skeleton Creek 5.61 9523 7.88 106.9 24.1 

SW28 17/01/2019 Bioretention Pond 4.56 638 7.58 -8.8 24.9 

SW29 17/01/2019 Ashcroft Wetland 9.1 246.4 8.85 59.2 25.2 

SW30 17/01/2019 Ashcroft Wetland 6.51 328.9 8.33 65.5 25.4 

SW35 6/02/2019 Laverton RAAF Swamp 1.49 2037 7.11 22.2 21.7 

SW36 6/02/2019 Laverton RAAF Swamp 4.15 253.5 8.1 40.2 18.8 

SW37 6/02/2019 Laverton RAAF Swamp 4.02 303 7.62 43.3 22.2 

SW38 6/02/2019 Laverton RAAF Swamp 1.02 959 6.74 -69.1 22.5 

SW39 6/02/2019 Laverton RAAF Swamp 1.92 1200 6.71 9.9 21.7 

SW40 6/02/2019 Laverton RAAF Swamp 0.23 1964 7.65 -140.5 24 

SW41 3/06/2019 Upstream Skeleton Creek 8.57 1371 7.15 137.2 10.7 

SW42 3/06/2019 Forsyth Road Drain (discharge to 
Skeleton Creek) 

4.84 1288 7.52 80.2 11.1 

SW43 3/06/2019 Western Finger discharge from Site 9.45 68.1 7.69 122.5 11.3 

10.4.3 Background concentrations 
The surface water and sediment samples collected north of the Site from Doherty’s Drain (SW10) and 
Laverton Creek (SW11), and upstream from Skeleton Creek (SW14) provide an indication of background 
PFAS levels in the area. SW10 was below LOR (SW08 immediately inside boundary recorded 0.04 µg/L 
PFOS) and SW11/SW14 were at the LOR (0.01 µg/L PFOS). SD10 was below LOR (SD08 immediately 
inside boundary recorded 5.8 µg/kg PFOS) and SD11/SD14 were at the LOR (5 µg/kg PFOS). 

10.4.4 Surface water, pore water and sediment laboratory results 
Surface water analytical results were compared to adopted screening criteria (where relevant), which are 
summarised in Section 6 and presented in Table 6-6. Surface water and sediment sample locations and 
analytical results for combined PFOS and PFHxS screened against adopted ecological and human health 
screening criteria are presented on Appendix A - Figures 18 - 23. The laboratory certificates of analysis are 
provided in Appendix G. 

A summary of laboratory results and screening criteria exceedances is included in Table 10-9. These results 
are grouped based on known and potential sources, pathways and receptors identified in Section 5 - 
Conceptual Site Model and discussed earlier. A summary cumulative frequency plot of surface water 
analytical results (including previous studies and QAQC samples) is shown in Figure 10-9. 

The surface water, sediment and pore water samples in Doherty’s Drain, Laverton Creek, Skeleton Creek 
and Laverton RAAF Swamp were assessed as sensitive ecological receptors with some human dermal 
contact19 with the water. The surface water, pore water and sediment samples from within Williams Landing 
and the Wet Testing Area (including sediment samples from SW drainage systems) help to delineate the 
known and likely PFAS sources.  

 
19 Recreational basis exposure pathway (i.e. swimming and/or fishing), where the likelihood is considered low but is still 
included as a conservative means of assessment. 
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Figure 10-9    Cumulative frequency plot of surface water results (including previous studies and QAQC 
samples) 

 
These cumulative frequency plots show the predominant PFAS compounds in surface water are PFOS and 
PFHxS. PFHxA and PFOA were also reported to a lesser extent, the distribution of PFAS compounds in 
surface water is further discussed in Section 11.4. In general, the groundwater results show a range of 
different PFAS compounds that is similar to groundwater. These results are further summarised with respect 
to ecological and human health guidance levels in Table 10-9. 
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Table 10-9    Summary of surface water analysis and surface water screening criteria exceedances 

Analyte 
No. 

samples 
tested 

No. of 
detects 

Measured concentrations (μg/L) Screening criteria (µg/L) Number of 
samples 

exceeding 
screening criteria 

Min Mean Max 
Human health 

1 (Drinking 
Water) 

Human health 
2 

(Recreational) 

Ecological  
(90% 

protection) 

Ecological  
(95% 

protection) 
DOHERTYS DRAIN 

PFOS 10 7 <0.01 0.024 0.05 N/A 2 2 0.13 All criteria: 0 

PFOA 10 0 <0.01 - ND N/A 10 632 220 All criteria: 0 

6:2 FTS 10 0 <0.05 - ND N/A - - - - 

PFHxS 10 3 <0.01 0.008 0.02 N/A 2 - - - 

Other PFAS 10 0 <0.01 N/A ND N/A - - - - 

PFHxS+PFOS 10 7 <0.01 0.028 0.06 N/A 2 - - All criteria: 0 

Sum of PFAS 10 31 <0.05 - ND N/A - - - - 

LAVERTON CREEK 
PFOS 11 8 0.01 0.01 0.02 N/A 2 2 0.13 All criteria: 0 

PFOA 11 0 <0.01 - ND N/A3 10 632 220 All criteria: 0 

6:2 FTS 11 0 <0.05 - ND N/A - - - - 

PFHxS 11 0 <0.01 - ND N/A 2 - - - 

Other PFAS 11 0 <0.01 N/A ND N/A - - - - 

PFHxS+PFOS 11 8 0.01 0.009 0.02 N/A 2 - - All criteria: 0 

Sum of PFAS 11 0 <0.05 - ND N/A - - - - 

CONSTRUCTED WETLANDS 

PFOS 6 6 0.02 2.507 14.0 N/A 2 2 0.13 
HH2 (Rec): 1,  
Eco (95%): 4 
Eco (90%): 1 

PFOA 6 6 0.01 0.077 0.28 N/A 10 632 220 All criteria: 0 

6:2 FTS 6 0 <0.05 - ND N/A - - - - 

PFHxS 6 4 <0.01 0.66 3.1 [3.6] N/A 2 - - HH2 (Rec): 1 

Other PFAS 6 6 0.03 N/A 1 N/A - - - - 

PFHxS+PFOS 6 6 0.02 3.165 17.1 N/A 2 - - HH2 (Rec): 4 

Sum of PFAS 6 6 0.15 3.78 19.89 N/A - - - - 
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NATURAL WETLAND (LAVERTON RAAF SWAMP) 

PFOS 6 6 0.02 1.64 14.0 N/A 2 2 0.13 

HH2 (Rec): 1 
Eco (99%): 6 
Eco (95%): 5 
Eco (90%): 1 

PFOA 6 6 0.04 0.077 0.13 N/A 10 632 220 All criteria: 0 

6:2 FTS 6 0 <0.05 - ND N/A - - - - 

PFHxS 6 5 <0.01 0.374 0.69 N/A 2 - - All criteria: 0 

Other PFAS 6 6 0.02 N/A 0.37 N/A - - - - 

PFHxS+PFOS 6 6 0.03 1.14 2.29 N/A 2 - - HH2 (Rec): 1 

Sum of PFAS 6 6 0.11 1.14 3.22 N/A - - - - 

WET TESTING AREA AND WESTERN FINGER 

PFOS 3 3 0.11 0.77 1.1 N/A 2 2 0.13 
HH2 (Rec): 0 
Eco (95%): 2 
Eco (90%): 0 

PFOA 3 2 0.01 0.015 0.03 N/A 10 632 220 All criteria: 0 

6:2 FTS 3 0 <0.05 - ND N/A - - - - 

PFHxS 3 3 0.04 0.103 0.21 N/A 2 - - All criteria: 0 

Other PFAS 3 2 <0.01 N/A 0.09 N/A - - - - 

PFHxS+PFOS 3 3 0.15 0.873 1.31 N/A 2 - - All criteria: 0 

Sum of PFAS 3 3 0.15 0.973 1.45 N/A - - - - 

SKELETON CREEK 

PFOS 12 12 0.03 0.152 0.39 N/A 2 2 0.13 
HH2 (Rec): 0 
Eco (95%): 6 
Eco (90%): 0 

PFOA 12 6 <0.01 0.015 0.03 N/A 10 632 220 All criteria: 0 

6:2 FTS 12 0 <0.05 - ND N/A - - - - 

PFHxS 12 12 0.02 0.132 0.33 N/A 2 - - - 

Other PFAS 12 11 <0.01 N/A 0.11 N/A - - - - 

PFHxS+PFOS 12 12 0.06 0.284 0.62 N/A 2 - - HH2 (Rec): 0 

Sum of PFAS 12 12 0.12 0.396 0.85 N/A - - - - 
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Table note:  
1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of PFAS when low-level PFOS/PFHxS/PFOA are recorded  
2Note that there were 8 exceedances of drinking water guidelines, the pathway is not considered complete as there are no on-Site groundwater users. 
N/A: Not applicable. ND: Non-detect. - No criteria currently available 
0.77 Reported value exceeds screening criteria 
[3.6] Maximum value reported was for duplicate / triplicate sample 
2 Screening criteria exceeded 
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10.4.5 Sediment laboratory results 
Sediment analytical results from the various surface water bodies are presented in Table 10-10. Surface 
water and sediment sample locations were co-located for comparability, and analytical results for combined 
PFOS and PFHxS screened against adopted ecological and human health screening criteria are presented 
on Appendix A - Figures 19 and 22. The laboratory certificates of analysis are provided in Appendix G. 
Specific guidelines for sediments are not available and results of analysis were assessed qualitatively in 
conjunction with co-located surface water and pore water results in the absence of sediment-specific criteria. 

Table 10-10    Summary of sediment analysis 

Analyte No. samples tested No. of detects 
Measured concentrations (mg/kg) 

Min Mean Max 

DOHERTYS DRAIN 

PFOS 7 4 0.0058 0.0072 0.023 

PFOA 7 0 <0.001 <0.001 ND 

6:2 FTS 7 0 <0.005 <0.005 ND 

PFHxS 7 0 <0.001 <0.001 ND 

Other PFAS 7 0 <0.001 N/A ND 

PFHxS + PFOS 7 4 0.0058 0.0052 0.023 

Sum of PFAS1 7 0 <0.05 <0.005 ND 

LAVERTON CREEK 

PFOS 8 4 0.0051 0.0071 0.0300 

PFOA 8 0 <0.005 - ND 

6:2 FTS 8 0 <0.005 - ND 

PFHxS 8 1 0.0011 - 0.0011 

Other PFAS 8 0 <0.005 - ND 

PFOS + PFHxS 8 4 0.0051 0.0085 0.0410 

Sum of PFAS1 8 0 <0.005 - ND 

CONSTRUCTED WETLANDS 

PFOS 6 4 <0.005 0.0158 0.031 

PFOA 6 0 <0.005 - ND 

6:2 FTS 6 0 <0.010 - ND 

PFHxS 6 0 <0.005 - ND 

Other PFAS 6 0 <0.005 N/A ND 

PFOS + PFHxS 6 4 <0.005 0.0158 0.031 

Sum of PFAS1 6 0 <0.05 - ND 

NATURAL WETLAND (LAVERTON RAAF SWAMP) 

PFOS 6 5 <0.005 0.0317 0.10 

PFOA 6 0 <0.005 - ND 

6:2 FTS 6 0 <0.010 - ND 

PFHxS 6 0 <0.001 - ND 

Other PFAS 6 0 <0.005 N/A ND 

PFOS + PFHxS 6 5 <0.005 0.0317 0.10 

Sum of PFAS1 

 
6 3 <0.050 0.050 0.10 
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Analyte No. samples tested No. of detects 
Measured concentrations (mg/kg) 

Min Mean Max 

SKELETON CREEK 

PFOS 11 11 <0.005 0.091 0.390 

PFOA 11 0 <0.005 - ND 

6:2 FTS 11 0 <0.01 - ND 

PFHxS 11 3 <0.005 0.0145 0.087 

Other PFAS 11 1 <0.005 N/A 0.011 

PFOS + PFHxS 11 9 <0.005 0.104 0.436 

Sum of PFAS1 11 9 <0.005 0.104 0.436 

WET TESTING AREA AND WESTERN FINGER 

PFOS 5 5 0.075 0.13 0.240 

PFOA 5 0 <0.005 - ND 

6:2 FTS 5 0 <0.005 - ND 

PFHxS 5 4 0.005 0.010 0.017 

Other PFAS 5 0 <0.005 - ND 

PFOS + PFHxS 5 5 0.082 0.138 0.253 

Sum of PFAS1 5 5 0.082 0.140 0.259 
 
Table note: 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of 

PFAS when low-level PFOS/PFHxS/PFOA are recorded  
 N/A: Not applicable, ND: Non-detect,- No criteria currently available 
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10.4.6 Pore water laboratory results 
Pore water samples were collected at 19 locations that were co-located with surface water and sediment 
samples (see Appendix A - Figure 20 and 23).  

Table 10-11    Summary of pore water analysis 

Analyte No. samples tested No. of detects 
Measured concentrations (µg/L) 

Min Mean Max 

DOHERTYS DRAIN 

PFOS 6 6 0.01 0.093 0.26 

PFOA 6 1 0.01 0.006 0.01 

6:2 FTS 6 0 <0.05 - ND 

PFHxS 6 4 0.01 0.035 0.13 

Other PFAS 6 4 0.01 N/A 0.04 

PFHxS + PFOS 6 6 0.01 0.127 0.3 

Sum of PFAS1 6 2 0.31 0.148 0.38 

LAVERTON CREEK 

PFOS 3 2 0.04 0.052 0.11 

PFOA 3 1 0.03 0.013 0.03 

6:2 FTS 3 0 <0.01 - ND 

PFHxS 3 2 0.01 0.638 1.9 

Other PFAS 3 1 0.05 N/A 0.92 

PFOS + PFHxS 3 2 0.05 0.688 2.01 

Sum of PFAS1 3 1 <0.10 - 5.54 

CONSTRUCTED WETLANDS 

PFOS 3 3 0.016 0.799 2.1 

PFOA 3 2 <0.01 0.053 0.11 

6:2 FTS 3 0 <0.05 - ND 

PFHxS 3 2 <0.01 0.153 0.43 

Other PFAS 3 2 <0.01 N/A 0.11 

PFOS + PFHxS 3 3 0.02 0.95 2.53 

Sum of PFAS1 3 3 0.1 1.116 2.93 

NATURAL WETLAND (LAVERTON RAAF SWAMP) 

PFOS 3 3 1.2 1.333 1.6 

PFOA 3 3 0.11 0.22 0.33 

6:2 FTS 3 0 <0.05 - ND 

PFHxS 3 3 0.53 1.04 1.7 

Other PFAS 3 3 0.26 N/A 0.93 

PFOS + PFHxS 3 3 1.73 2.37 3.3 

Sum of PFAS1 3 3 2.49 3.82 5.79 

SKELETON CREEK 

PFOS 6 6 0.1 0.77 2.4 

PFOA 6 2 <0.01 - 0.015 

6:2 FTS 6 0 <0.01 - ND 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   146 

Analyte No. samples tested No. of detects 
Measured concentrations (µg/L) 

Min Mean Max 

PFHxS 6 5 <0.01 0.032 0.27 

Other PFAS 6 5 <0.05 N/A 0.041 

PFOS + PFHxS 6 6 0.1 0.86 2.44 

Sum of PFAS1 6 6 0.15 0.94 2.46 
 
Table note: 1The recorded LOR for sum of PFAS is higher than PFOS and PFHxS, hence a non-detect may be recorded for sum of 

PFAS when low-level PFOS/PFHxS/PFOA are recorded  
 N/A: Not applicable, ND: Non-detect,- No criteria currently available 
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10.4.7 Impacts to Beneficial Uses 
The impacts of the identified contamination on the protected beneficial uses of surface water on-Site and off-
Site are summarised in Table 10-12.  

Table 10-12    Evaluation of Water of Victoria SEPP Beneficial Uses 

Beneficial 
Use 

Precluded 
on-Site 

Precluded 
off-Site Comment 

Water 
dependent 
ecosystems 

No Yes PFOS results reported for samples of surface water both on-Site 
(creeks and drains) in Doherty’s Drain and Laverton Creek and 
off-Site were either below the adopted assessment criteria or 
LOR. The two samples exceeding the 95% species protection 
level were collected from stormwater drainage in covered drains. 
Additionally, sediment samples were below indirect contact 
commercial / industrial soil guidance values. 

It is noted that in some locations on-Site sediment and/or pore 
water results were above the human health and/or recreational 
criteria. This indicates that some PFAS concentrations are 
confined to the sediments on-Site and could potentially be 
remobilised if disturbed.  

Additionally, maintenance of ecosystems off-Site is considered 
to be precluded given the exceedances of concentrations in the 
Laverton RAAF Swamp (natural) and Skeleton Creek. 

Water suitable 
for human 
consumption  

Not 
applicable 

Not 
applicable 

These waters are not water supply areas set out in Schedule 5 
of the Catchment and Land Protection Act 1994 or the Safe 
Drinking Water Act 2003. Hence, this is not a protected 
beneficial use for the Urban segment as it is not in a special 
water supply catchment area 

Agriculture 
and irrigation 

No Yes Based on TDS readings from surface water bodies in the 
investigation area, surface water could be potentially used for 
agriculture purposes. The measured surface water 
concentrations of PFAS do not preclude this beneficial use as 
they were below the adopted assessment criteria. However, as 
with groundwater, no irrigation equipment was observed on-Site, 
and stock are prohibited as they are incompatible with Base 
activities. Given the availability of potable mains water, the use 
of surface water on-Site for agriculture is considered highly 
unlikely. 

Measured off-Site PFAS concentrations in surface water from 
Skeleton Creek, Kingwell wetland and Addison wetland were 
above the adopted screening criteria. As such, the beneficial use 
of surface water for agriculture and irrigation activities is 
precluded. However, the likelihood of this occurring is low, given 
the nearest location of agricultural operations and the availability 
of mains water for residential small-scale gardens. 
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Beneficial 
Use 

Precluded 
on-Site 

Precluded 
off-Site Comment 

Human 
consumption 
of aquatic 
foods 

Not 
Applicable 

Yes* No fishing or aquaculture occurs on-Site in Laverton Creek or 
Doherty’s Drain.  

Fishing within Skeleton Creek was noted for returned water use 
surveys, observations by Vic EPA and local community groups. 
Site inspections as part of the DSI showed paths within the 
reeds leading to Skeleton Creek, but fishing was not observed 
during multiple visits. Fishing close to the Base is considered 
possible but not a common occurrence. It is understood from 
discussions with local community groups that there is a more 
regular fishing spot (frequented daily) further downstream 
towards Cheetham Wetlands off the end of Merton Street. It is 
understood that recreational fishing and consumption of carp 
and eels may occur.  

* Further assessment is being undertaken as part of HHRA 
works. 

Water-based 
recreation 
(primary, 
secondary and 
aesthetic 
enjoyment) 

No No Water-based recreation on-Site in Laverton Creek or Doherty’s 
Drain is considered highly unlikely. Measured surface water 
concentrations downstream in Laverton Creek are also below 
recreational water criteria.  

There are no exceedances of primary contact recreational 
(NHMRC 2019) guidance values for surface water in Skeleton 
Creek or Laverton Creek. Given this, it is considered that the 
benefit of water-based recreation (i.e. kayaking, swimming) is 
not precluded off-Site.  

There is one exceedance of primary contact recreational levels 
in the Williams Landing Bio Retention System. This exposure 
scenario is not considered likely for recreational use and is 
below SLR Consulting (2018a) derived SSILs (38 µg/L). Other 
surface water samples collected from constructed wetlands are 
below the Tier 1 screening criteria. 

Traditional 
owner cultural 
values  

No No In lieu of applicable Tier 1 screening criteria for these beneficial 
uses, the 90% species protection levels for freshwater 
ecosystems have been adopted and are considered adequately 
protective. 

Cultural and 
spiritual values  

No No In lieu of applicable Tier 1 screening criteria for these beneficial 
uses, the 90% species protection levels for freshwater 
ecosystems have been adopted and are considered adequately 
protective. 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   149 

11 Tier 1 Risk Assessment 
This section discusses the nature and extent of PFAS impacts detected in the various environmental media, 
and the significance of these detections in relation to the identified sources, pathways and receptors. 

11.1 Delineation of key sources 
PFAS analytical data collected for soil and groundwater was interpolated and visualised across the Site to 
delineate the PFAS soil source areas and co-located groundwater impacts.  

Soil and groundwater analytical results from both datasets were assessed to derive the following information: 

 Lateral and vertical distribution of PFAS in soils 

 Relationship between detected soil PFAS concentrations and areas of known PFAS application where 
use has been historically/anecdotally reported 

 Relationship between interpolated soil impacts and geological units present 

 Relationship between soil bound PFAS and groundwater impacts 

 Relationship between groundwater impacts and surface water bodies 

 Relationship between sediment impacts and surface water bodies. Sediments act as a potential ongoing 
source for PFAS impact to other media 

A summary of the vertical extent of soils not completely delineated is presented in Table 11-1. 

Table 11-1    Summary table of locations where vertical extents were not vertically delineated (using PFOS as 
example analyte) 

Sample Location Surface result 
(ug/kg PFOS) 

Depth result 
(ug/kg PFOS) Comment 

BH213 Western Finger 
Area 

1600 880 at 0.9 mbgl Borehole terminated on basalt. 
Nearby MW102 reported non-detect 
at 5.9 mbgl 

MW102 Western Finger 
Area 

310 8.1 at 7.9 mbgl Monitoring well terminated at target 
depth. Non-detect reported at 5.9 
mbgl. Delineation to below low-
density human health guidance value 

BH224 Wet Testing Area 500 90 at 0.4 mbgl Borehole terminated on basalt. 
Further delineation provided by 
nearby MW117 

MW117 Wet Testing Area 240 at surface 
2900 at 0.9 mbgl 

7.8 at 8.9 mbgl Monitoring well terminated at target 
depth. Delineation to below low-
density human health guidance value 

MW118 Wet Testing Area 13 10 Monitoring well terminated at target 
depth. Non-detect reported at 5.9 
mbgl. Delineation to around low-
density human health guidance value 

MW119 Wet Testing Area 15 5 Monitoring well terminated at target 
depth. Non-detect reported at 6.9 
mbgl. Delineation to around low-
density human health guidance value 
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Sample Location Surface result 
(ug/kg PFOS) 

Depth result 
(ug/kg PFOS) Comment 

MW105 Southern 
Boundary 

33 6.5 at 5.9 mbgl Monitoring well terminated at target 
depth. Below human health guidance 
values at depth 

 

The groundwater impacts downgradient from the key sources in the Western Finger and Wet Testing Area 
have generally been delineated to below recreational water guidance values based on results from MW121-
MW123. The groundwater impacts downgradient of the Former GEMS Compound source area have not 
been completely delineated to below recreational water guidance values. The groundwater is leaving Site at 
8 μg/L PFOS + PFHxS (MW138) and installation of a well east of MW110 is not considered possible without 
entering private property. No complete pathways have been identified in the nearby area downgradient of 
this source. However, this is identified as a data gap requiring further investigated. 

11.2 Soil impacts 

11.2.1 Wet Testing Area 
The Wet Testing area was used for weekly fire training activities, which has caused soil impacts in the 
immediate vicinity, predominantly off the end of concrete hard stands. No soil samples were analysed for PFAS 
in soil by Golder (2017) in this area as part of Preliminary Site Investigations and four soil samples were 
reported by SLR Consulting (2018a) in the off-Site portion of the Wet Testing Area adjacent to the Addison 
Wetland. This was supplemented by 35 samples collected as part of this DSI consisting of soil samples from 
monitoring well installation and surface soil samples.  

Analytical results indicate the majority of PFAS contained in soils at the Wet Testing Area consists of PFOS, 
with a total of 22 detections. PFOA was also detected in 4 samples. PFHxS was detected in 13 samples. 
Generally, the detections of PFOA and PFHxS were significantly lower than those of PFOS, except for one 
sample that reported a concentration of 1.0 mg/kg PFHxS, compared to 0.012 and 0.070 µg/kg PFOS and 
PFOA, respectively. 

A radar chart to visually assess PFAS impact to soil at the Wet Testing Area showing a representative sample 
is presented in Figure 11-1. This demonstrates the main PFAS components present in the soil in this area. 

Figure 11-1    Representative radar plot showing PFAS concentrations for a soil samples in the Wet Testing 
Area from the north end (MW117) and south end (BH215) with units (ug/kg) 
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Figure 11-1 is indicative that the main PFAS compound was PFOS and PFHxS, which are major 
components of 3M Light Water as well as many other non-AFFF products. However, given the historical fire 
training activities in the area, these impacts are considered mainly AFFF derived. 

Historic use of AFFF foam was not contained or cleaned up to any degree according to interviews with former 
Base staff. Foam was washed into stormwater trenches and adjacent unsealed areas. This appears to have 
some influence on where soil impacts are concentrated because there does not appear to be an even spread 
of PFAS impact under the concrete hard stand area. In addition, high concentrations of PFAS impact where 
measured at the northern and southern ends of the concrete apron, adjacent to where storm water run-off 
trenches meet unsealed areas (refer to Figure 11-2). 

Figure 11-2    Surface and near surface soil concentrations at the Wet Testing area 

 
 
PFAS was introduced to the environment through surface infiltration in this area, and over time it has moved 
downwards through the soil profile due to surface water infiltration or along the storm water drainage network. 

The measured concentrations in the overlying soil profile compared to rock chip samples analysed from the 
drilling program (air hammer samples) at depth suggest that PFAS infiltrated through the underlying soil profile 
into the fractured Newer Volcanic Aquifer and travelled down hydraulic gradient off-Site. This is based on the 
contrast between the reported concentrations in the rock samples at depth, which were below the LOR for 
PFAS chemicals in most cases.  

The rock mass has not retained PFAS in the same way that it has been retained in the overlying soil / fill 
(indicated by the residual PFAS concentrations in shallow soil / fill samples). At MW117, the PFOS results 
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from the clay at 1 m depth (2.90 mg/kg) are significantly higher than the low level detects of PFOS in the basalt 
(saturated zone) at depths of 7 m (0.012 mg/kg) and 9 m (0.008 mg/kg). The basalt rock of the underlying rock 
aquifer does not have the same retention properties of the overlying soil / clay material that binds PFAS 
molecules through hydrophilic processes. The tight rock also has a lower porosity than the clay soils developed 
on the Newer Volcanic rock. Hence, water movement in the basalt is mainly through fissures and fractures 
meaning that the bulk of the rock might not be contaminated, but nearby fissures and fractures could be 
conduits for GW and PFAS movement without there being any obvious sign in the rock matrix. Consequently, 
it is assumed the PFAS has travelled through the aquifer down hydraulic gradient, where it has entered local 
surface water bodies via groundwater: surface water interactions at the hyporheic zone. This pathway still 
appears to active, given that legacy contamination concentrations are present in soil on-Site and in surface 
water off-Site.  

Whilst no concrete samples were taken during the DSI investigation, concrete is a potential secondary source 
of PFAS to the soil given the quantities of AFFF that had been used in this area in the past. The lower 
concentrations observed in the samples collected from beneath the hardstand area compared to the nearby 
grassed areas is indicative that the AFFF sprayed onto the concrete was washed off concrete into soil around 
edges of the hardstand. It is considered that the residual AFFF on the concrete surface dried out and was 
retained in near surface parts of concrete. It is possible that when there is rain or the concrete gets wet to the 
extent that runoff occurs, then PFAS is dissolved and remobilised. The extent of this remobilisation during rain 
events or hose down of the hardstand is a data gap.  

One limitation of assessment in this area is the ability to collect samples from current residences as the 
sampling reported in SLR Consulting (2018a) was restricted to public open spaces or vacant future allotments. 
Permission to conduct further planned sampling in this area was not received from the landowner. This 
presents a data gap between the results at the edge of the Site (maximum 0.515 mg/kg PFOS+PFHxS) and 
the off-Site public open space adjacent to the Addison Wetlands (maximum 0.985 mg/kg PFOS+PFHxS).  

The associated impact to surface water in the Addison Wetlands is considered to be the result of surface water 
run-off and leaching from impacted soils. It is noted that this constructed wetland area has been heavily 
modified by landscaping activities and there are limited opportunities for soil exposure as pathways are 
concreted and open spaces are well covered with grass. 

On-Site soils in this source area have been delineated to below the human health industrial / commercial 
guidance value. On-Site soils in this source area report exceedances of Tier 1 ecological screening criteria 
with enough data collected to inform management strategies. Off-Site soils associated with this source area 
reported exceedances of the relevant Tier 1 human health screening criteria. This is to be further assessed as 
part of the HHRA. Off-Site soils associated with this source area reported exceedances of the relevant Tier 1 
ecological screening criteria. This is to be further assessed as part of the ERA. 

The current understanding of complete and potentially complete S-P-R linkages related to this source area 
(grouped with the Western Finger due to similar land use scenario) are summarised in the refined conceptual 
site model Section 11.10. 

11.2.2 Western Finger Area 
The Western Finger area contains several potential sources such as the Air Movements (fire training and 
aircraft fire prevention), fire truck service building, chemical storage areas, a former electroplating facility and 
the old sewage farm. No soil samples were analysed for PFAS in soil by Golder (2017) in this area as part of 
the PSI and 23 soils samples were reported by SLR Consulting (2018a) in the general area of the off-Site 
portion of the Air Movements. There were 36 on-Site soil samples recovered from the Western Finger Area 
and analysed for PFAS from targeted surface soil samples, boreholes or monitoring well installations. Most 
samples consisted of shallow surface samples of either topsoil, fill material or in-situ volcanic soils.  

PFOS was detected in 14 samples and was the predominant PFAS compound reported. PFOA impact in the 
WFA is relatively minor, with only one sample reporting concentrations over the LOR within the apparent 
hotspot in the grassed area discussed above, but not in exceedance of any adopted screening criteria. PFHxS 
was detected in five samples, with high concentrations measured in the hotspot with PFOS that exceeded the 
adopted HBGV for Public Open Space / Recreational Areas but not the relevant Industrial / Commercial value. 
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A radar chart to visually assess PFAS impact at the Western Finger showing representative samples is 
presented in Figure 11-3. 

Figure 11-3    Representative radar plot showing PFAS concentrations for a soil sample in the Air Movements 
(MW120) and open space off the end of the hardstand (MW102) with units (ug/kg) 

  

Figure 11-3 shows that the main PFAS compounds that were present were PFOS and PFHxS (in different 
proportions within the area) with lower levels of other perfluoroalkane sulfonates. PFOS is a major 
component of 3M Light Water as well as many other non-AFFF products. Given the historical fire training 
activities in the area, these impacts are considered predominantly AFFF related. 

Soil results indicated PFAS impact within the open grass area between the hardstand of the Western Finger 
and the Defence International School of Languages. The reported concentrations for samples from this area 
were between below LOR and 2.4 mg/kg PFOS + PFHxS (i.e. an order of magnitude higher than the bulk of 
the sample set). Other minor concentrations of PFAS were detected in soil bores BH210 and BH211 on the 
eastern end of the Western Finger. The exact cause of the hotspot contamination in the open grassed area is 
uncertain, although this area is adjacent to Building 123, which was reported during interviews to be where 
Fire Trucks were serviced and are adjacent to the hardstand area of the North-South Hangars near the Wet 
Testing Area. Samples collected from MW102, BH213 and BH215 all reported significantly elevated levels of 
PFOS, PFHxS with minor concentrations of PFOA. The results from this open space area indicate a greater 
proportion of shorter chain PFAS compounds potentially associated with more recent fire training activities or 
a source other than 3M Light Water. It is considered more likely that impacts to this area are associated with 
AFFF use rather than the Old Sewage Farm as the impacts are spread over a wider area than the Old Sewage 
Farm. 

The area is positioned down gradient from the Wet Testing Area (off the southern end of the tarmac / concrete 
hardstand), so it is considered most likely that the area received a significant amount of run off / discharge of 
AFFFs used in the wet testing area. These were possibly washed into the storm water trenches that discharge 
at the southern end of the tarmac near the International School of Languages. It is also possible that AFFF 
was discharged directly onto this open area due to the proximity to other testing areas and the Fire Truck 
service area. As PFHxS soil impact is present in the saturated zone, this is a likely pathway towards to 
groundwater impacts in this area. 

The impact to soils in this area are shown in Figure 11-4. 
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Figure 11-4    Surface and near surface soil concentrations (PFOS + PFHxS) at the Western Finger 

 

The former Air Movements Area in the northern section of the Western Finger Area is within the Western 
Finger. 14 soil samples were tested from three soil bores and two monitoring well installations. The area was 
used for the aircraft movement and annual fire training exercises. Out of the 14 samples, two reported 
elevated concentrations of PFOS (0.014 and 0.033 mg/kg) from the installation of MW120, and one sample 
reported 0.035 mg/kg of PFHxS from BH211. This is thought to be associated with annual fire training in the 
area, the frequency and consequently residual mass of PFAS is much lower than the Wet Testing Area. 
These results are all below the relevant human health and ecological guidance values. 

In summary, on-Site soils in this source area have been delineated to below the human health industrial / 
commercial guidance value. On-Site soils in this source area report exceedances of Tier 1 ecological 
screening criteria, which will be addressed as part of the management strategy. Off-Site soils associated with 
this source area reported exceedances of the relevant Tier 1 human health screening criteria. This potentially 
elevated exposure is to be further assessed as part of the HHRA. Off-Site soils associated with this source 
area reported exceedances of the relevant Tier 1 ecological screening criteria. This is to be further assessed 
as part of the ERA. The current understanding of complete and potentially complete S-P-R linkages related 
to this source area (grouped with the Wet Testing Area due to similar land use scenario) are summarised in 
the refined conceptual site model in Section 11.10. 

11.2.3 Former Secondary Fire Training Area, Old Fuel Farm and Landfills 
The northern half of the Site contains areas formerly used for historic landfills, the Old Fuel Farm and a 
secondary fire training area. 15 samples were collected from soil bores within the approximate area of the 
former landfill that doubled as a secondary fire training area, based on georeferenced aerial overlays of the 
modern-day base layout. Four samples out of the total of 49 collected in this area reported elevated 
concentrations of PFOS (0.078 mg/kg). No other PFAS congeners (i.e. PFOA, PFHxS etc.) were detected over 
the laboratory LOR.  

The soil samples from the indicative area of the Former Secondary Fire Training indicated only minor soil 
impacts with one sample out of 15 reporting PFOS above LOR (0.054 mg/kg). The targeted investigation of 
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former landfills reported two samples close to the limit of reporting. The highest detect was 0.078 mg/kg PFOS 
in the vicinity of the Old Fuel Farm. No other PFAS chemicals were reported over the LOR.  

The impact to soils in this area are shown in Figure 11-5. 

Figure 11-5    Surface and near surface soil concentrations (PFOS + PFHxS) at the Former Secondary Fire 
Training area and landfills 

 

The preliminary conceptual site model proposed that the landfills on-Site could be acting as a secondary 
source of PFAS, if AFFF was disposed in them or AFFF was used on landfill debris during training drills. 
Given the results outlined above, it is concluded that fire training exercises and AFFF testing in this area is 
not as significant as the Wet Testing Area. It is possible that some minor amounts of PFAS bearing material 
were disposed of to landfill, which could explain the low concentrations detected. However, it is noted that 
field observations did not observe typical landfill materials during soil bore investigations (i.e. plastic, 
concrete and other anthropogenic rubbish). Overall, it is considered that the former secondary fire training 
area and other landfills on-Site are not significant areas of PFAS soil impact or major ongoing sources on-
Site. These results are all below the relevant human health and ecological guidance values. 

In summary, on-Site soils in this source area have been delineated to below the human health public open 
space guidance value. On-Site soils in this source area did not report exceedances of Tier 1 ecological 
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screening criteria. Off-Site soils associated with this source area are not considered likely to reported 
exceedances of the relevant Tier 1 human health screening criteria. Off-Site soils associated with this source 
area reported exceedances of the relevant Tier 1 ecological screening criteria. This is to be further assessed 
as part of the ERA. 

The current understanding of complete and potentially complete S-P-R linkages related to this source area 
are summarised in the refined conceptual site model in Section 11.10. 

11.2.4 Former GEMS Compound 
The workshop within the Former GEMS Compound, when it was part of the Base, was used for minor repairs 
and servicing of fire trucks and was also a location for some ad-hoc fire training activities. No samples were 
collected from this area as part of the PSI or any previous investigations. 

Analytical results indicate the majority of PFAS contained in on-Site soils adjacent to the Former GEMS 
Compound consists of PFOS, with a total of 32 detections from 55 samples. PFOA was also detected in three 
samples. PFHxS was detected in 13 samples. The maximum reported value in this area was 8.1 mg/kg PFOS. 
Generally, the detections of PFOA and PFHxS were significantly lower than those of PFOS, except for one 
sample that reported a concentration of 1.0 mg/kg, compared to 0.012 and 0.070 µg/kg PFOS / PFOA 
respectively. 

Radar charts to visually assess PFAS impact at the Former GEMS Compound showing representative samples 
are presented in Figure 11-6. This demonstrates the main PFAS components present in the soil in this area. 

Figure 11-6    Representative radar plots showing PFAS concentrations for a soil sample in the Former GEMS 
Compound (BH228 at a depth of (a) 0 – 0.1 m and (b) 0.9 – 1.0 m) with units (ug/kg) 

  
 
Figure 11-6 shows that the main PFAS compounds that were present were PFOS and PFHxS, which are 
major components of 3M Light Water. These impacts are considered AFFF related given the site history. The 
majority of the impacts are concentrated around the north-eastern corner of the Former GEMS Compound 
off the hardstand area. The pattern of concentrations suggests the carpark north of the Former GEMS 
compound might have been used for fire training or emptying fire trucks that were in for servicing. The 
workshop within the Former GEMS Compound, when it was part of the Base, was used for minor repairs and 
servicing of fire trucks and was also a location for some ad-hoc fire training activities (pers. comms. Former 
BSM Steve Knezevic). It is possible, but not confirmed through interviews with former Base personnel, that 
the fire training and emptying of fire trucks occurred in the carpark north of the workshop. The impact to soils 
in this area are shown in Figure 11-7.  
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Figure 11-7    Surface and near surface soil concentrations (PFOS + PFHxS) at the Former GEMS Compound 

 

There is a slope down from the path that surrounds the Former GEMS Compound down to a lower laying 
area that would receive any surface water / sediment runoff. Whilst there was a hotspot immediately adjacent 
to the northwest corner of the Former GEMS Compound, there were also elevated (but decreasing) levels 
observed in lower laying areas 20 m east. It is possible that impacted surface water and/or sediment may 
migrate (or to have historically migrated) across the eastern boundary into residential areas (rear gardens) to 
east of Former GEMS Compound. These residential buildings were constructed between 1956 and 1963 
based on historical aerial images.  

A wooden fence is present along this eastern boundary except for a small section to the south-east that 
becomes mesh wire fencing. This section starts around SS043 and extends to the south-eastern corner of 
the Site. Historically, the exact nature and construction of this fence and its ability to serve as a barrier to 
restrict potential migration is unknown. Further sampling to delineate impacts associated with surface water 
and sediment run-off from the Former GEMS Compound source area was conducted along the eastern 
boundary adjacent to the fence, and the majority of the results were either below LOR or below low-density 
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residential guidance values. There were 5 exceedances of the low density residential criteria with a 
maximum concentration of 33 ug/kg PFOS + PFHxS. This maximum result (SS043) occurs in the small 
section of the boundary where there is mesh wire fencing instead of wooden fencing. It is possible that there 
are exceedances of Tier 1 screening criteria in the adjacent residential rear gardens. These garden areas 
were observed to be shrubbery and garden (not for the production of home grown produce), hence it is 
considered unlikely that exposure through direct contact and ingestion is complete. It is considered unlikely 
that the concentrations would increase off-Site beyond the reported values at the boundary because the 
concentrations decrease significantly moving away from the Former GEMS Compound. In summary, on-Site 
soils in this source area have been delineated to below the human health industrial / commercial guidance 
value. On-Site soils in this source area did not report exceedances of Tier 1 ecological screening criteria. Off-
Site soils associated with this source area may report exceedances of the relevant low-density Tier 1 human 
health screening criteria in gardens along the eastern boundary. These impacts are unlikely to pose an 
elevated risk to human health based on the small magnitude of the exceedance and the low potential for 
exposure through direct contact and ingestion. The absence, or otherwise, of this exposure pathway will be 
further explored during human health risk assessment. Off-Site soils associated with this source are unlikely 
to report exceedances of the relevant Tier 1 ecological screening criteria based on results towards the Site 
boundary.  

The current understanding of complete and potentially complete S-P-R linkages related to this source area 
are summarised in the refined conceptual site model in Section 11.10. 

11.2.5 Primary Fire Training Area 
The Primary Fire Training Area was used for regular fire training activities resulting in elevated levels of PFAS 
above the surroundings. As discussed in Section 4, there has been significant movement of soils for 
remediation of hydrocarbon impact and landscaping, hence some of the initial impacts may have been spread 
to a wider area. The indicative fire training area was excavated, stockpiled and returned with soil from other 
areas, prior to capping with a layer of clean20 fill material. Nine soil samples were collected from monitoring 
well installations within the vicinity of the former Primary Fire Training Area (FTA) during the DSI. Five of these 
samples reported elevated PFOS concentrations and one of these five also reported concentrations of PFHxS. 
None of the nine samples reported PFOA over the LOR, and none of the measured concentrations of PFOS 
and PFHxS exceeded the relevant screening criteria for human health or ecological health (public open space). 
It is noted that low density residential criteria were also considered in the assessment due to concerns with 
the presence of diffuse sources of residual contamination following unrecorded soil movements during 
development.  

A radar chart to visually assess PFAS impact at the Former Primary Fire Training Area showing representative 
samples is presented in Figure 11-8. This demonstrates the main PFAS components present in the soil in this 
area. 

 
20 It is noted that PFAS may remain bound to the soil whilst hydrocarbons were remediated to clean fill levels 
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Figure 11-8    Representative radar plot showing PFAS concentrations for a soil sample in the Former 
Primary Fire Training Area (MW130) with units (ug/kg) 

 

 

Figure 11-8 shows that the main PFAS compounds that were present were PFOS and PFHxS. These 
impacts are considered AFFF related given the site history. Analysis of PFAS compounds in this area 
indicates the AFFF product to be primarily 3M Light Water, due to the prevalence of perfluoroalkyl 
sulphonates and the relative absence of perfluoroalkyl carboxylates. Analysis of these components also 
shows an aged PFAS soil mass with shorter chain PFAS being less present than longer chain PFAS, 
consistent with profiles of hydrophobicity and environmental mobility. The majority of the impacts are around 
the indicative area of the Former Primary Fire Training Area (also referred to in previous audits as the 
Former Fire Training and Gun Butts Area). The impact to soils in this area are shown in Figure 11-9. 

Figure 11-9    Surface and near surface soil concentrations (PFOS + PFHxS) within the Former Base 

 

These results add to a previous soil dataset for the Former Base extents. A HHRA conducted by SLR 
Consulting (2018a) on behalf of the land developer reviewed results from 97 soil samples collected from 91 
borehole locations across Williams Landing21. Nine of these locations were from open space areas within the 
vicinity of the FTA, which reported results that exceeded the generic human health criteria for low density 
residential as derived by the PFAS NEMP (2018) but not public open spaces (similar to the results measured 
by the Aurecon investigation). However, SSILs were derived based on-Site residential parameters, and it was 
considered by SLR Consulting (2018a) that generic parameters used to derived NEMP standards are 

 
21 The limitations around the data quality are outlined further in Appendix H. 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   160 

conservative for the Site-specific land use. Reported concentrations in this area were below the SSILs for 
exposure to soil in traditional allotments (0.3 mg/kg PFOS + PFHxS). The maximum concentrations were 
detected sub surface at a depth of 0.4 m (0.297 ug/kg). 

There were occurrences of PFAS in soils off Ashcroft Avenue and on the northern former Site boundary along 
the Federation Trail that are possibly due to (minor) AFFF use outside the boundary of the former primary Fire 
Training Area. Interviews with former volunteer fire fighters indicated that during routine drills, AFFF would be 
sprayed at random around the airfields to test equipment during ‘B Drills’ (fire training drills). In addition, air 
craft hulks that were set on fire and extinguished as a part of larger training drills were sometimes positioned 
next to the northern fence lines. According to personnel during interviews it was not uncommon for AFFF hose 
streams to miss and be sprayed over the northern fence line.  

In general, the measured PFAS results are less concentrated than expected, given that other areas that 
received direct AFFF use (such as the Wet Testing Area) reported concentrations an order of magnitude higher 
than what this investigation and reported by SLR Consulting (2018a). It was assumed that unsealed areas 
where AFFF was used would contain high concentrations of PFAS in soil, as observed in the WTA. Given that 
this is not the case as demonstrated by the results, three explanations were considered possible:  

1. The targeted well locations did not sample the precise location of where fire training and AFFF use 
occurred;  

2. The subsequent development and earthworks of the FTA into a housing development possibly 
involved some regrading of the natural surface, via the importation and/or removal of fill material, which 
is evident based on the reworked fill material depth in this area ranging from approximately 0.5 to 
1.5 m; or 

3. A combination of the above two points.  

It is possible that the monitoring wells did not sample the precise areas where AFFF was used. Due to space 
restrictions around the current layout out of the Williams Landing Suburb, it was not feasible to target precise 
points within the FTA. However, for the purposes of sampling groundwater and assessing the overall hydraulic 
gradient it was considered adequate. Non-PFAS results did not detect other contaminants over the LOR typical 
of these activities (i.e. BTEXN, TRH, TPH, PAHs, Metals etc.).  

The second scenario would have redistributed the PFAS contained in the surface soils across the wider area, 
which may partly explain the random distribution of PFAS across Williams Landing. However, information 
about the precise earthworks involved with the residential development is not available, and so it is difficult to 
infer what has occurred based on incomplete information (i.e. aerial imagery, bore logs and anecdotal 
evidence).  

Given the uncertainties regarding the adequacy of the soil data set i.e. density of sampling data and data 
quality and the potentially dispersed nature of residual PFAS in soils, the current assessment needs to 
consider risk on the basis of the total soil data set relative to potential low density or standard residential land 
use regardless of the current land use from the areas in which the soils were recovered.  The observed 
exceedances of Tier 1 low density residential22 guidance values indicate a potentially elevated risk to 
residents within land use and exposure scenarios contemplated by the Tier 1 guidance values.  The 
reasonableness or otherwise of any potential elevated risk needs to be further examined through the conduct 
of a human-health risk assessment. As an initial step in pursuing resolution of this, Aurecon referred the SLR 
HHRA (2018a) to our nominated health risk assessment specialist for consideration and review. The review 
of this HHRA, which also included additional information collected as part of the current investigation, 
recommended further assessment of land use in the larger allotments and collection of additional sampling 
data. This assessment will be detailed under separate cover to the DSI. 

The current understanding of complete and potentially complete S-P-R linkages related to this source area 
are summarised in the refined conceptual site model is summarised further in Section 11.10. 

 
22 Identified by PFAS NEMP as Residential with garden/accessible soils 
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11.2.6 Other minor sources 
The potential other minor sources considered as part of this investigation included the former runways, former 
firepower demonstration area (limited data available), Old Fuel Farm (considered with other northern open 
space sources), Old Sewage Farm (considered with Western Finger sources) and the Old Photographic 
Centre. The results for these minor sources were below the relevant Tier 1 screening criteria or believed to be 
associated with other source areas. 

The current understanding of complete and potentially complete S-P-R linkages related to this source area 
are summarised in the refined conceptual site model in Section 11.10. 

11.2.7 Off-Site downgradient 
The off-site downgradient areas that were investigated in Laverton are hydraulically downgradient but remote 
from the historic areas of AFFF use identified in the site history. Four out of 16 samples reported 
concentrations slightly above the LOR for PFOS only. These results are not considered associated with Site-
derived AFFF and are below the public open space human health guidance value. The impact to soils in this 
area are shown in Figure 11-10. 

Figure 11-10   Surface and near surface soil concentrations (PFOS + PFHxS) within the off-Site downgradient 

 

The current understanding of complete and potentially complete S-P-R linkages related to this downgradient 
area are summarised in the refined conceptual site model in Section 11.10. 

11.2.8 Soil impact summary 
On-Site summary: 

In respect to observed PFAS impacts to soil on-Site, no complete Source-Pathway-Receptor linkages to 
human receptors were identified above the Tier 1 screening criteria for the relevant land uses. Aurecon 
consider the risks to human health to be low and acceptable, and accordingly requires no further 
assessment. 
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There may be potentially complete Source-Pathway-Receptor linkages to ecological receptors for exposure 
to on-Site soils. The exceedances of Tier 1 screening criteria are confined to main source areas near the 
Wet Testing Area, Former GEMS Compound and Western Finger.  It is proposed that these risks to 
ecological receptors can be mitigated with appropriate management strategies and not require further 
assessment of ecological risk. 

Off-Site summary: 

There may be complete Source-Pathway-Receptor linkages for exposure to soils within traditional size 
residential allotments in Williams Landing. This is due to the potentially elevated exposure risk to human 
health in traditional residential allotment settings should similar or higher concentrations as observed in one 
location within the Addison Wetlands (a constructed and since landscaped wetland) be found in traditional 
residential allotments. There are potentially dispersed off-Site sources of residual soil impact in Williams 
Landing associated with movement of soil for construction and / or remediation activities. In consideration of 
this, Aurecon initiated a detailed review of the HHRA prepared by SLR Consulting (2018a) including review 
of the derivation of SSILs and the adequacy of the data set considered by SLR Consulting (2018a) for the 
purposes of the DSI commissioned by Defence. This review is detailed under a separate cover to this DSI 
report.  

There are potentially complete Source-Pathway-Receptor linkages to ecological receptors for exposure to 
Off-Site soils due to exceedances of Tier 1 screening criteria. This will require further and more detailed 
assessment through the conduct of an ERA. 

Overall summary 

Figures 13 - 16 in Appendix A show the Site-wide soil PFOS + PFHxS soil impacts. PFAS soil impacts are 
concentrated in four main areas: 

 Wet Testing Area 

 Western Finger Area 

 Former GEMS Compound 

 Former Primary Fire Training Ground (former Base extents) 

There are also minor soil impacts observed near runways and general low levels were reported across the 
former Base extents believed to be associated with construction activities in the area. 

Areas where PFAS was suspected to have a concentrated impact, but did not report concentrations above 
the relevant screening criteria:  

 Former Secondary Fire Training Area  

 Landfills and Old Fuel Farm 

Minor soil PFAS impacts were also detected in some areas of the Western Finger, and from samples collected 
during the installation of monitoring wells on the southern Site boundary. Off-Site, minor PFAS concentrations 
were measured during well installations on Ashcroft Avenue in Williams Landing, which correlates to the 
alignment of the former east-west orientated runway. In addition, concentrations of PFAS were also detected 
in soils sampled during the installation of MW137, which was located off the former northern boundary of the 
Site and the Federation Trail.  

The main areas of PFAS impact correlate with the known areas of use of PFAS containing products at the 
Site, namely the Wet Testing Area (especially adjacent to the former Fire Station), and Former Primary Fire 
Training Ground. Secondary sources which have (or have had) connectivity with these source areas are the 
Site’s drainage system (either lined or unlined). The DSI works have shown that the other areas that were 
suspected of receiving PFAS containing waste, or treatment with AFFF, including the Closed Landfills, the 
Former Secondary Fire Training Area are not considered to be significant areas of PFAS impact.  

Most samples that reported PFAS over the LOR were collected between the surface and 1.0 m depth. The 
topsoil, fill material and residual volcanic soils within the investigation area contains a high clay content, which 
could be retaining small concentrations of PFAS. This may have been transported as a result of overland 
surface water flow during storm events.  
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On-Site Soil: 

Soil samples collected from the northern section of the Site were below the relevant Public Open Space 
guidance value. The sampling was targeted on the main area of reported AFFF usage (former secondary fire 
training area), which were all well below screening criteria. Other soil samples collected from inside the Site 
boundaries or near landfills reported concentrations well below human health guidance value. Given that the 
main area of AFFF discharge in this portion of the Site reported low and acceptable levels of PFAS for the 
land use, it is considered unlikely that there are exceedances in this open space area. Soil samples from the 
southern portion of Site below Doherty’s Drain were reported well below the industrial / commercial guidance 
value. As soil sampling targeted areas of historic AFFF discharge, it is considered unlikely that this guidance 
value will be exceeded elsewhere.  

The five soil samples collected from inside and surrounding the Base Childcare Centre were below low 
density residential human health guidance value, as such, risks are considered low and acceptable. There 
are temporary residences on-Site where Base Staff indicated trainees reside for periods of one week to one 
year. These temporary residences include single story dwellings with access to gardens and soil are located 
on the eastern boundary near the Defence International Training Centre. There is no evidence of a 
significant historical source in this area and it is considered that there are no complete migration pathways 
from known source areas. Furthermore, the two soil samples collected in this area reported concentrations 
below low-density human health guidance value. There is also multi-story Barrack style temporary 
accommodation to the south of the Base. There is no evidence of a significant historical source in this area 
and it is considered that there are no complete migration pathways from known source areas. The two 
surface soil samples collected from the grassed open space area approximately 20 m from these buildings 
were below and at the low-density human health guidance value (with garden and accessible soil). This area 
is either grassed or paved with bitumen or concrete resulting in limited opportunity for soil access. As such, 
the risks are considered low and acceptable. 

Soil samples from near the Wet Testing Area, Former GEMS Compound and Air Movements reported 11 
exceedances of direct contact ecological screening criteria (noted that this is for Public Open Space) and 24 
exceedances of indirect exposure criteria. Hence, we consider that there are potentially complete Source-
Pathway-Receptor linkages for exposure to on-Site soils confined to the commercial / industrial areas. It is 
proposed that elevated exposure to these  environmental receptors can be mitigated with appropriate 
management strategies. 

Off-Site Soil: 

Land use immediately adjoining and surrounding the Site includes residential, public open space and 
industrial/commercial use. 

Commercial/Industrial land use areas: Soil samples collected from downgradient of the main on-Site 
sources within the industrial estate located approximately 100 m south of the Site in Laverton were all below 
the relevant industrial / commercial human health guidance value. The scope of this sampling is limited and 
restricted to public open space and road reserve within the industrial estate however, there is no evidence to 
indicate direct use of AFFF use in these areas. Accordingly, the risk is considered low and acceptable. 

Williams Landing (Residential and public open space land use): Widespread exceedances of Tier 1 low 
density residential23 guidance values were reported for soils in Williams Landing. There were no reported 
exceedances of Tier 1 screening criteria for residential with minimal opportunities for soil access.  

The application of low-density residential guidance values to the form of development within Williams 
Landing is potentially conservative as the size of the accessible garden areas within the allotments limits the 
potential for home-grown vegetables, fruit and chicken egg production activities. A review of the available 
aerial images indicates that for lots >350 m2 a significant proportion (approximately 80%) is taken up by the 
building footprint.  

The previous environmental auditor of land within Williams Landing, in his review of the potential PFAS risk 
associated with the land in Williams Landing, held a likewise view and hence commissioned the derivation of 
Site-specific health-based investigation levels, which are presented in SLR Consulting (2018a). This 
correspondence identifies a potentially elevated exposure risk to human health in traditional residential 
allotment settings should similar or higher concentrations as observed in one location within the Addison 

 
23 Identified by PFAS NEMP as Residential with garden/accessible soils 
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Wetlands (a constructed and since landscaped wetland) be found in traditional residential allotments. There 
are key historic source areas where this risk is relevant: 

 The Wet Testing Area and Air Movements extend from the Site into the south-east corner of Williams 
Landing, near the Addison Wetlands. The soil assessment in the Wet Testing Area was limited to four 
shallow soil samples collected on the edge of Addison Wetlands (a constructed and since landscaped 
wetland). More extensive sampling was conducted north of the Air Movements area, where the levels that 
were detected were below SSILs (0.3 mg/kg PFOS + PFHxS). Defence, based on advice from Aurecon 
with support of the Site Auditor, proposed the installation of three further groundwater monitoring wells 
and the collection of 12 further soil samples at a range of depths. Permission for land access was not 
provided by the landowner and so these wells were re-located onto the Site. 

 The former primary fire training area is located in the Elmstead Neighbourhood to the northwest of 
Williams Landing. The previous soil assessment included five shallow soil samples collected from public 
open space to the west of the indicative area of the former primary fire training area. A further six  
samples were collected from this source area and the reported values were below public open space and 
SSILs. There are limitations on sample collection locations as the area has undergone significant 
development. 

The SLR Consulting HHRA (2018a) identified potentially elevated risk for exposure to soils within traditional 
size residential allotments in Williams Landing. The SLR Consulting (2018a) risk assessment highlighted 
potentially unacceptable risks to terrestrial ecological receptors from soil in Williams Landing. This is due to 
exceedances of Tier 1 screening criteria for indirect contact (Public Open Space) at the former primary fire 
training area and the Wet Testing Area. There are also widespread exceedances of indirect contact criteria 
(Residential) in Williams Landing indicating potential for unacceptable risk to secondary consumers, such as 
birds that consume invertebrates in PFAS impacted soils. These potential risks were not specifically resolved 
in the SLR Consulting correspondence. Further assessment of potential ecological and human health risks 
will be undertaken through the conduct of site-specific ERA and HHRAs and will be reported under separate 
cover to this DSI report.
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11.3 Groundwater impacts 

11.3.1 Wet Testing Area 
The Wet Testing area shows the highest reported concentrations of PFAS on-Site, which have generally 
been delineated to the extent practicable. The precise lateral extent of the plume to the immediate west of 
Site within the former Stage 4 audit area is unknown, given permission was not received from the landowner 
for the installation of proposed wells. Given the apparent spatial discontinuity between soil and groundwater 
impacts, and the magnitude of groundwater impacts that have been detected, it is unlikely that an 
uncharacterised PFAS source is residing in the unsaturated to saturated zone beneath the Wet Testing Area 
(i.e. within the rock mass between the soil and groundwater table).  

PFOS, PFHxS and PFOA as well as perfluorinated acids and sulfonates were detected in all 11 wells 
sampled within the Wet Testing Area. The chemical ratios reported elevated concentrations of PFOS and 
PFHxS with minor PFOA and associated acids / sulfonates.  

A radar chart to visually assess PFAS impact at the Wet Testing Area showing a representative sample is 
presented in Figure 11-11.  

Figure 11-11    Representative radar plot showing PFAS concentrations for a groundwater sample in the Wet 
Testing Area (MW118) with units (μg/L) 

 

Figure 11-11 shows that the main PFAS compounds that are present are PFOS, PFHxS and PFHxA, which 
is generally consistent with a source associated with the use of 3M Light Water for AFFF testing purposes. 
Other PFAS compounds (such as PFBS, PFPeS, PFHpS, PFDS, PFBA, PFPeA and PFHpA) were detected 
above LOR in this area, most of which have been detected in 3M Light Water or Ansulite. Perfluorooctane 
sulphonamide (PFOSA) was detected above LOR for the most impacted samples in this area (GWAM/5 and 
GW34/1). PFOSA is an ingredient in products such as Scotchgard. It has also been found in alternate brands 
of AFFF, such as Sthamex AFFF-P 3% (KEMI 2015). However, there is no evidence of this type of foam 
being used on site. It has been shown that N-ethylperfluorooctanesulfonamide (N-EtFOSA), associated with 
insecticides, can be bio-transformed to PFOS via PFOSA (Tomy, 2003). Hence, there is the potential for 
non-AFFF contributions to observed impacts but the main contributor is considered to be from fire training 
activities using AFFF. 

The results for key PFAS compounds, PFOS + PFHxS, are presented with respect to screening criteria and 
multiples of screening criteria in Figure 11-12. 
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Figure 11-12   Groundwater concentrations at the Wet Testing Area 

 
 
Interpretation of PFAS groundwater impacts indicates a contiguous plume between the Wet Testing Area 
from the Secondary Fire Training area upgradient and the southern Site boundary. The highest 
concentrations of PFAS chemicals were measured in wells located towards the centre of the hangar complex 
(GW34/1). 

Groundwater flow is generally to the south-south-east from the Wet Testing Area, and although separate 
groundwater plumes have been inferred at the Western Finger Area, the results indicated a connected plume 
with areas of elevated concentrations at the key sources. Further details of the delineation of downgradient 
groundwater impacts from this source area is provided in Section 11.3.7. 

It is noted that despite exceedances of the adopted screening criteria, there is no complete Source-Pathway-
Receptor linkage to on-Site human and ecological receptors at the WTA. 

The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.2 Western Finger Area 
General description 

There are multiple potential sources areas in the Western Finger Area including: 

 Air Movements / Aircraft maintenance and refuelling area 

 Fire truck maintenance shed 

 Former electroplating facility 

 Several chemical storage areas 

 Old sewage farm 
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PFAS was detected in all 42 wells sampled within the Site’s Western Finger Area of commercial logistics and 
storage warehouses. The precise relationship between vertical migration of PFAS and surface water infiltration 
is unknown. Soil samples that were collected as a part of this investigation achieved an even coverage of the 
area, but not the same spatial density as the existing monitoring well network. The majority of the Western 
Finger Area is covered by buildings or sealed areas, and most run off from this area is captured by the Site’s 
storm water network and so the amount of infiltration is difficult to define. 

The results for key PFAS compounds, PFOS + PFHxS, are presented with respect to screening criteria and 
multiples of screening criteria in Figure 11-13. 

Figure 11-13    Groundwater concentrations at the Western Finger 

 

The details of the two areas with clusters of groundwater monitoring wells are summarised as follows. 

 
Hazardous Chemical Storage Area 

The hazardous storage area is hydraulically downgradient of the Aircraft maintenance and refuelling area. 14 
monitoring wells are located around the former hazardous chemical storage area (GW155 and GW81 series). 
Three are installed within the compound, and the rest in a radius around the area that borders the rail corridor 
on the southern Site boundary. One of the wells within the compound (GW155/1) was not sampled as it 
contained LNAPL that is part of a legacy hydrocarbon contamination in the area.  

PFAS was detected in all wells in the WFA, however a localised area of higher than average concentration 
was measured in groundwater sampled from wells in the vicinity of the hazardous chemicals compound.  

 PFOS was measured between 0.37 – 19.0 µg/L;  

 PFHxS was measured between 0.26 – 8.40 µg/L;  

 Minor PFOA was measured between 0.02 – 0.40 µg/L; 

 Multiple species of perfluorinated acids were also detected in most samples 

A radar chart to visually assess PFAS impact at the Hazardous Chemical Storage area showing a 
representative sample is presented in Figure 11-14. 
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Figure 11-14    Representative radar plot showing PFAS concentrations for a groundwater sample in the 
Hazardous Chemical Storage area (Western Finger) at GW155/6 with units (μg/L) 

 
Figure 11-14 shows that the main PFAS compounds that are present are PFOS, PFHxS and PFHxA, which 
is generally consistent with a source associated with 3M Light Water for AFFF testing purposes. Other PFAS 
compounds were detected above LOR in this area, most of which have been detected in 3M Light Water or 
Ansulite. 8:2 FTS was reported above LOR at GW155/6, which is indicative of more recent foams, such as 
Ansulite. 

These results indicate that there is a localised plume that is attributed to the hazardous chemical storage area. 
There are no Site records of incidents in the area warranting the use of AFFF in the area. However, it is likely 
that AFFF drums were stored in the compound at some point and based on the groundwater concentrations 
present AFFF may have been spilt or disposed of in the area.  

Electroplating Workshop 

Eight monitoring wells are located around the building footprint of the former electroplating workshop (GW7 
series). These were installed in a radius around the former workshop to assess a chlorinated solvent plume in 
the groundwater (noting a gap at the south eastern corner of the building), which resulted from leakage of 
chemicals used in the electroplating process. The GW7 series of wells around the perimeter of the 
electroplating workshop showed a distinct peak in PFAS concentrations, similar to the wells around the 
hazardous chemical storage area. It is noted that this area is adjacent to the Fire Truck maintenance shed, 
which may contribute to the impact observed in this area. Concentrations of PFAS reported:   

 PFOS was measured between 0.79 – 3.6 µg/L;  

 PFHxS was measured between 0.49 – 1.90 µg/L;  

 minor PFOA was measured between 0.02 – 0.1 µg/L; 

 Multiple species of perfluorinated acids were also detected in most samples. 

In general, PFAS chemicals were also used in the production of protective coatings on materials via 
electrochemical fluorination (ECF) to create stain and water-resistant coatings (Mueller and Yingling, ITRC 
2017). Given that chlorinated solvents are an established contaminant from the former workshop, it is highly 
probable that non-AFFF derived PFAS contamination has occurred as well. However, there is no markedly 
different PFAS composition in this area to be able to identify or differentiate this potentially separate non-
AFFF derived source as shown in Figure 11-15. 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   169 

Figure 11-15    Representative radar plot showing PFAS concentrations for a groundwater sample in the 
Former Electroplating Facility (Western Finger) at GW7/7 with units (μg/L) 

 
Figure 11-15 shows a slight increase in the proportion of PFHxA (and to a lesser extent PFBS, PFPeS and 
PFPeA) than other potential source areas within the Western Finger (see Figure 11-14). A similar profile with 
increased proportion of PFHxA is observed in nearby GW90/2. The prevalence of PFOS, PFHxS and PFHxA 
is still generally consistent with a source associated with 3M Light Water for AFFF testing purposes. 

In summary, there are two localised area of elevated PFAS impact within the Western Finger, based on 
groundwater data, which are also downgradient of indicated fire training areas in the Air Movements:  

 The hazardous chemicals storage area; and 

 The former electroplating workshop and adjacent Fire Truck maintenance shed  

Based on the relatively close spatial distance between these two areas, it is inferred that a contiguous plume 
exists between the Aircraft Maintenance and Refuelling area (including Air Movements), hazardous chemical 
storage area and the electroplating workshop that is migrating further downgradient. However, in consideration 
of the concentration gradients, the plume appears to have at least two distinct points of origin and have merged 
over time, forming a “front” which appears to be migrating to the south-southeast.  

The assumed depth of the plume is at least to the aquifer base. However, the presence or absence of the 
underlying clay layer observed in other areas of the Site in the WFA is unconfirmed. In addition, the connectivity 
between the upper and lower sections of the Newer Volcanic aquifers in this area is also unknown. Given this 
there is some uncertainty around the total vertical extent of the groundwater impacts. These impacts to the 
lower part of the Newer Volcanics aquifer remains a minor data gap as all new wells were targeted on the 
upper part of the aquifer. However, the deeper wells (down to 26 m) along the southern boundary report lower 
concentrations for similar areas: 

 GW582/8 (20 m) 0.27 μg/L PFOS, GW582/7 (8 m) 0.73 μg/L 

 GW7/13 (19.4 m) 0.74 μg/L PFOS, GW7/15 (7.5 m) 2.2 μg/L 

The results from the upper part of the aquifer provide a good indication for the lower part of the aquifer. Due 
to the fractured nature of the basalt, it is considered that there is sufficient information in relation to impacts in 
the lower aquifer. It is noted that no complete pathways to this lower aquifer have been identified (i.e. registered 
bores at this depth).  

Further details of the delineation of downgradient groundwater impacts from this source area is provided in 
Section 11.3.7. 
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The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.3 Secondary Fire Training Area and landfills 
In areas where landfilling has taken place PFAS impacted solid waste materials may be contributing leachate 
to the groundwater. Soil results indicated this is a minor contribution, based on the concentrations measured 
in soil bores targeted at the landfill used as a secondary fire training area. The samples were collected for 
analysis predominantly from the surface with some samples at a maximum depth of 2 mbgl. Groundwater 
concentrations in comparison were also minor, as the 22 wells sampled all reported low varying concentrations 
of PFAS:  

 PFOS was detected in 10 wells ranging from 0.01 – 0.05 µg/L;  

 PFOA was detected in 1 well only at the LOR (0.01 µg/L);  

 PFHxS was detected in 8 wells between 0.01 – 0.43 µg/L; and 

 5 species of perfluorinated acids were also found in 5 different samples. 

 It is noted that the levels of nitrate as N (3.3 mg/L at GWA/1) indicate potential influence of the Western 
Trunk Sewer on the groundwater in this area. 

A radar chart to visually assess PFAS impact downgradient at the Former Secondary Fire Training Area and 
landfills showing a representative sample is presented in Figure 11-16.  

Figure 11-16    Representative radar plot showing PFAS concentrations for a groundwater sample 
downgradient of the Former Secondary Fire Training Area and landfills (MWC/1) with units 
(μg/L) 

 
 
Figure 11-16 shows that the main PFAS compounds that were present were PFHxS, PFHxA and PFOS, 
which is generally consistent with a source associated with the use of 3M Light Water for AFFF testing 
purposes. The results for key PFAS compounds, PFOS + PFHxS, are presented with respect to screening 
criteria and multiples of screening criteria in Figure 11-17. 
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Figure 11-17    Groundwater concentrations at the Former Secondary Fire Training Area and landfills 

 
 

None of the reported concentrations exceeded the applied assessment criteria for recreational human health 
or ecological protection (95%). Given the low range of concentrations in the area, it is considered that on-Site 
landfills only represent a minor source of PFAS. Based on the results for soil and groundwater, it is inferred 
that small amounts of PFAS were disposed on to landfill either through disposal of containers or application 
during fire training. However, the current overall contribution to the on-Site contamination plume is minor.  

The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.4 Former GEMS Compound 
The workshop within the Former GEMS Compound was used for minor repairs and servicing of fire trucks 
and was also a location for some ad-hoc fire training activities. An elevated concentration of PFAS was 
detected in MW110 and MW139, which was installed in the south eastern corner of the Site opposite Maher 
Road on the southern Site boundary, adjacent to the Former GEMS Compound (outside the Site property 
line).  

The four groundwater monitoring wells sampled (five primary samples) in this area showed an increase in 
PFAS concentrations off the north east corner of the compound, which decreased before flowing off-Site 

 PFOS was detected in all four wells ranging from 0.44 – 56 µg/L;  

 PFOA was detected in all four wells ranging from 0.02 – 2.3 µg/L; 

 PFHxS was detected in all four wells ranging from 0.75 – 52 µg/L; and 

 Nine other species of perfluorinated acids were also found 
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The reported concentrations are similar to those measured in some areas of the Wet Testing Area, however 
spatially this area is 650 m east across the prevailing groundwater flow direction from the closest part of the 
Wet Testing Area. The closest wells upgradient wells are GW514/1 and GW598/1, which are 350 m north. 
These reported PFOS concentrations of 0.53 and 0.49 µg/L respectively (MW110 results are approximately 
800% higher).  

A radar chart to visually assess PFAS impact downgradient at the Former GEMS Compound showing a 
representative sample is presented in Figure 11-18.  

Figure 11-18    Representative radar plot showing PFAS concentrations for a groundwater sample Former 
GEMS Compound (MW110) 

 

Figure 11-18 shows that the main PFAS compounds that were present were PFOS, PFHxS and PFHxA, 
which is consistent with the groundwater profile at the Wet Testing Area and indicative of AFFF-derived 
impact at this source area.  

The results for key PFAS compounds, PFOS + PFHxS, are presented with respect to screening criteria and 
multiples of screening criteria in Figure 11-19. 
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Figure 11-19   Groundwater concentrations (PFOS + PFHxS) at the Former GEMS Compound 

 

There are elevated levels in the groundwater off the north-east corner of the Former GEMS Compound 
which correspond to the soil hotspot detailed in Section 11.2.4. The reported concentration in groundwater 
decreases significantly from MW110 (108 μg/L PFOS + PFHxS) to the most downgradient on-Site monitoring 
well, M138 (8 μg/L). This is approximately four times greater than the recreational water guidance values. 
There are no registered active bore water users along that flow path in the vicinity of the Site. Whilst off-Site 
delineation of this plume remains a data gap, it is considered unlikely that there are complete Source-
Pathway-Receptor linkages to human and ecological receptors above the relevant Tier 1 screening criteria 
and the associated risks are low and acceptable. Further delineation of the downgradient is recommended to 
inform this data gap and is to be detailed under separate cover.  

The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.5 Primary Fire Training Area  
Four new monitoring wells were installed within the approximate area used for fire training and fire power 
demonstrations. Well locations were mainly determined by the availability of the appropriate areas to install 
wells, given that the area now consists of residential housing. The former fire training area’s spatial extent 
according to georeferenced aerial imagery overlays on Williams Landing is shown Figure  11-20 below. 



 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   174 

Figure  11-20   Groundwater concentrations (PFOS + PFHxS) at the Former Primary Fire Training Area and 
Former Firepower Demonstration Area 

  
Given this, the four wells were positioned to sample the extent of the estimated groundwater plume across 
the area. Results confirmed this was generally achieved, except in the case of MW137. This well was 
positioned north of the FTA to capture background / upgradient groundwater entering the area (which are 
considered to be <LOR for PFAS chemicals). However, results reported low concentrations of PFOS, 
PFHxS, PFOA and associated acids / sulfonates.  

PFAS impacts in the groundwater near and under the Former Primary Fire Training Area consists of PFOS, 
PFHxS, PFHxA and minor PFOA and sulfonoic / perfluorinated acid species. Concentration ranges were 
0.04 – 3.4, 0.27 – 12 and 0.01 – 0.57 µg/L for PFOS, PFHxS and PFOA respectively.  

A radar chart to visually assess PFAS impact downgradient at the Former Secondary Fire Training Area and 
landfills showing a representative sample is presented in Figure 11-21.  

Figure 11-21    Representative radar plot showing PFAS concentrations for a groundwater sample at the 
Former Primary Fire Training Area (MW130) with units (μg/L) 

 

Source: Figure 17, Appendix A 
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Figure 11-21 shows that the main PFAS compounds that were present were PFHxS and PFHxA, which is 
generally consistent AFFF-derived impact in other source areas. However, there is a greater prevalence of 
PFHxA than other areas and some shorter chain PFAS compounds. 

Concentrations measured within the FTA exceeded the adopted human health and ecological screening 
criteria (both 90% and 95% protection). Down gradient concentrations in MW129 between the FTA and the 
natural wetlands exceeded 95% protection criteria only. The up gradient well MW137 did not exceed any of 
the applied criteria, but it is noted that reported concentrations do exceeded DOH 2017 drinking water 
guidelines (>0.07 µg/L).  

The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.6 Central East 
The central-east area of site shows the downgradient impacts of the Former Secondary Fire Training area 
and former landfills, cross gradient impacts from the Wet Testing area, as well as containing the potential 
minor source area related to the Old Photographic Centre. This area of the Site contained monitoring wells 
that were installed during previous environmental investigations. All wells were sampled during this 
investigation to delineate the wider groundwater flow across the Site, and assess the spatial, cross gradient 
extent of PFAS impact.  

All six wells from the central and central-east section of the Site concentrations of PFAS over the LOR.  

 PFOS was detected in all six wells ranging from 0.35 – 1.7 µg/L;  

 PFOA was detected in all four wells ranging from 0.01 – 0.03 µg/L; 

 PFHxS was detected in all four wells ranging from 0.34 – 0.84 µg/L; and 

 Six other species of perfluorinated acids were also found 

The highest concentrations were reported in wells GW130/1 – GW130/3 in the central area of the Site, 
adjacent to the gymnasium and swimming pool.  

The sampled wells are positioned in the central area of the Site down and cross gradient from multiple 
possible source areas. It is unclear if this contamination represents the natural migration of PFAS from up-
gradient sources (i.e. landfills, Doherty’s Drain / Laverton Creek), laterally from the Wet Testing Area or from 
an unknown localised source.  

The reported concentrations exceeded Human Health criteria (Recreational use) for the three most impacted 
wells (PFOS + PFHxS). However, no complete S-P-R linkages related to groundwater were identified. 
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11.3.7 Off-Site downgradient 
The off-Site extents of impact to groundwater from sources in the Western Finger and Wet Testing area were 
further investigated through the installation of two transects of groundwater monitoring wells south of the Site 
(MW124-MW126 and MW121-MW123). The reported results for wells closest to Skeleton Creek (MW121-
MW123) were all below recreational water guidance values. 

The six groundwater monitoring wells sampled in this area showed a general decrease in PFAS concentrations 
flowing off-Site. 

 PFOS was detected in all four wells ranging from 0.06 – 3.1 µg/L;  

 PFOA was detected in all four wells ranging from 0.01 – 0.2 µg/L; 

 PFHxS was detected in all four wells ranging from 0.22 – 1.1 µg/L; and 

 Seven other species of PFAS were also reported 

The elevated levels in the Western Finger decrease significantly moving off-Site, noting the potential 
variability in preferred flow path through the fractured basalt. The reported concentrations with respect to 
human health guidance values are shown. 

Figure  11-22    Groundwater concentrations (PFOS + PFHxS) downgradient of Western Finger and Wet Testing 
area 

 

The general groundwater flow to the south-south-east is a PFAS migration pathway to Skeleton Creek. 
Skeleton Creek is considered to be a generally gaining system based on groundwater and surface water 
elevations (refer to Appendix A, Figure 11B), which is acting as a barrier to further flow of impacted 
groundwater. A radar chart to show the similarity between groundwater and surface water impacts in 
Skeleton Creek is presented in Figure 11-23. The surface water location (SW20) is located along Skeleton 
Creek between MW122 and MW123. 
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Figure 11-23    Representative radar plot showing PFAS concentrations in groundwater interacting with 
Skeleton Creek and surface water within Skeleton Creek. 

 

Flow of impacted groundwater under Skeleton Creek (to the south) may occur but is considered unlikely 
based on the groundwater level immediately north of the creek compared to the surface water level. 
Groundwater use is unlikely for the land use setting north or south of Skeleton Creek. Exceedances, if they 
occurred south of the creek, would be of drinking water criteria, which is not a viable use. 

No complete S-P-R linkages to human receptors have been identified as part of the investigations. It is noted 
that further assessment of groundwater impact downgradient of the Former GEMS Compound, as discussed 
in Section 11.3.4, are recommended and will be detailed under separate cover. 

The current understanding of complete and potentially complete S-P-R linkages related to groundwater are 
summarised in the refined conceptual site model in Section 11.10. 

11.3.8 Groundwater impact summary 
On-Site summary: 

In respect to observed PFAS impacts to groundwater on-Site, we have identified no complete Source-
Pathway-Receptor linkages to human receptors above the Tier 1 screening criteria for the relevant land 
uses. We consider the risks to human health to be low and acceptable, and accordingly requires no further 
assessment. 

In respect to observed PFAS impacts to groundwater on-Site, we have identified no complete Source-
Pathway-Receptor linkages to ecological receptors above the Tier 1 screening criteria for the relevant land 
uses and consider the ecological risks to be low and acceptable, and accordingly requires no further 
assessment. 

Off-Site summary: 

In respect to observed PFAS impacts to groundwater off-Site, we have identified no complete Source-
Pathway-Receptor linkages above the Tier 1 screening criteria for the relevant land uses. We consider the 
risks to human health to be low and acceptable. The closest known water user is a property with an irrigation 
bore, downgradient from Site in Point Cook (WRK960196). This bore water is used for flood irrigation of turf. 
The monitoring wells upgradient of this registered bore are below recreational water guidance values. The 
downgradient impacts from the Former GEMS Compound source area have not been delineated below 
recreation water guidance values and require further investigation. No nearby groundwater users were 
identified as part of this investigation. 
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There are potentially complete Source-Pathway-Receptor linkages for ecological exposure to off-Site 
groundwater due to exceedances of Tier 1 screening criteria. This will require further and more detailed 
assessment through the conduct of an ERA.  

Overall summary 

PFOS, PFOA and PFHxS were further interpreted to their respective adopted investigation levels to identify 
areas of exceedance and overlap with sensitive receptors to assess potential exposure pathways.  

Four main areas of groundwater PFAS impact were identified, including: 

 The Wet Testing Area 

 The Former Primary Fire Training Area 

 The Western Finger Area (multiple source areas) 

 Former GEMS Compound 

More diffuse groundwater impacts were also identified at: 

 Northern area of the Site between the Officer’s mess and Ornamental Lake; 

 The sports fields north of the Administration buildings adjacent to the Golf Course club house and 
Gymnasium 

There are multiple source areas on the current Base that are in close enough proximity for the groundwater 
impacts to have joined to form a wider diffuse plume with localised elevated levels at the sources. The 
groundwater plume within Williams Landing is centred around the Former Primary Fire Training Area and is at 
lower levels than the on-Site source areas. The general hydraulic gradient across the investigation area as 
shown on Figures 11A and 11B (Appendix A) is towards the south - south east in the direction of Port Philip 
Bay. PFAS compounds in the soil generally reside in the vadose zone with lower levels in saturated interflow 
soils. The soil / fill layer on-Site is relatively thin (0.1 – 1.0 m thick), and as a result the pathway between 
surface water infiltration and the groundwater table is relatively short spatially. The vadose zone can retain 
PFAS compounds and act as a secondary source as PFAS is leached from the soil to groundwater over time. 
However, given that the volume of soil on-Site is relatively small, and the rock mass does not retain PFAS in 
the same way that the soil profile does (based on rock chip samples) it is possible that the significant amount 
of the PFAS used over time on-Site may have migrated into the groundwater table. This is supported by the 
elevated levels observed in the groundwater.  

Infiltration of surface water may partly explain the current on-going extent of the groundwater PFAS impacts. 
The presence of the underlying low permeability clay layers in the geology observed in many parts of the Site 
indicates that contribution from surface water infiltration is likely to be the main plume pathway into the shallow 
unconfined aquifer. The minor groundwater impacts observed in the central areas of the Site suggest that 
these areas are potential minor upgradient sources that are possibly confined vertically by the underlying clay 
layer.   

Note that the central areas were not highlighted as likely sources in desktop reviews and Site interviews 
because there is no evidence of AFFF use or storage in these areas. It is considered most likely that the 
observed impacts are due to historic fire training in the northern section of Site in areas such as the Former 
Secondary Fire Training Area. The data indicates general PFOS and PFHxS impact (elevated concentration 
relative to surrounding groundwater concentrations) within what is considered a diffuse plume. These are minor 
contributions to the overall mass loading and are not areas or sources which warrant any future remedial 
intervention (also noting the potential for non-AFFF related PFAS impact) or management but will be subject 
to ongoing monitoring. 

 

On-Site groundwater: 

Ingestion of and dermal contact with groundwater is not considered a likely exposure pathway to on-Site 
human receptors. Interviews with key Base personnel indicate that there are no groundwater bores in use on 
the Site. The regional groundwater is generally brackish (3,101 to 5,400 mg/L TDS) and is classified as 
Segment C (VVG, 2019), which is not suitable for potable or irrigation purposes. The on-Site areas with 
lower salinity values are believed to be a result of localised mounding from a mains leak. The Site is serviced 
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by reliable mains water supplied by City West Water. Ingestion of and dermal contact with groundwater is not 
considered a likely exposure pathway to intrusive construction workers due to the depth to groundwater 
(>5 mbgl) and geography (basalt) not conducive to significant excavation below water table. 

Direct contact with groundwater and uptake of PFAS is not considered a potential complete exposure 
pathway to on-Site terrestrial flora and fauna. Deep rooted trees and plants are not anticipated to reach the 
groundwater as the groundwater is generally greater than 5 m below ground level. The on-Site creek, 
Laverton Creek, has a high potential for groundwater interaction (VVG 2019)24, however the groundwater in 
the vicinity (see reported results for MW112) is below 95% species protection levels protective of 
bioaccumulation in urban waterways. The risk to on-Site ecology from groundwater is considered low and 
acceptable. 

Off-Site groundwater: 

Groundwater within Williams Landing was reported to be above Drinking and Recreational Water Guidelines. 
However, the groundwater is generally brackish (Segment C) and not considered suitable for drinking or 
irrigation. The Statement of Environmental Audit for Stages 4 and 5 nominated groundwater as polluted by 
contaminants other than PFAS and not to be used. The registered bore within Williams Landing does not 
appear to have been installed as there is no installation date or further details except for a total depth of 
25 m. There is an unlikely but potentially complete Source-Pathway-Receptor linkage for exposure to 
groundwater for a bore-water user in Point Cook, south of the Williams Landing natural wetlands. The bore 
water user flood irrigates the grass in front of the property where there is one lemon tree away from the 
irrigated area. The risk associated with this exposure pathway is considered low and acceptable based on 
the concentrations observed upgradient of the registered well, the limited potential uptake into the fruit and 
the low likelihood that these fruits would be consumed in significant quantities. It is noted that the bore water 
is not used for drinking or other potable uses. The upgradient PFOS + PFHxS is below updated Primary 
Contact Recreational guidelines (NHMRA 2019), which are assumed to be protective of contact during 
irrigation. However, this remains a data gap and sampling of this bore (when practical) is proposed to be 
completed during the conduct of the ERA. 

Skeleton Creek is a gaining system based on the groundwater and surface water elevations, which is acting 
as a barrier to further flow of impacted groundwater, noting that some underflow is considered a possibility 
(further discussion provided in Section 12.1.5). Flow of impacted groundwater under Skeleton Creek (to the 
south) may occur but is considered unlikely. Notwithstanding this, groundwater use is unlikely for land use 
settings north and south of Skeleton Creek and that if any exceedances occurred south of the creek then 
they would only be of drinking water criteria, which is not a viable use. The contribution from groundwater to 
Skeleton Creek down-gradient from the Former GEMS Compound and the extent of groundwater impact 
associated with this source area has not been delineated below recreational water levels and is to be further 
assessed. 

Direct contact with groundwater and uptake of PFAS is a potential exposure pathway to off-Site terrestrial 
and aquatic flora and fauna (including deep rooted trees and plants). This exposure pathway is only relevant 
to deep rooted trees and plants capable of reaching the groundwater in down-gradient areas and aquatic 
biota interacting with the groundwater discharging to Skeleton Creek. The Off-Site creek, Skeleton Creek, 
has a high potential for groundwater interaction (VVG 2019), and the groundwater approximately 500 m 
upgradient (see reported results for MW124) is above the 90% species protection levels protective of 
bioaccumulation in urban waterways. The groundwater concentrations close to the discharge point are above 
95% species protection levels. The pore water extracted from sediments in Skeleton Creek also exceeded 
90% species protection levels. This will require further and more detailed assessment through the conduct of 
an ERA. 

  

 
24 https://www.vvg.org.au/vvg_map.php?agreement=Agree%2Band%2BContinue&view=11913_29d0358 

https://www.vvg.org.au/vvg_map.php?agreement=Agree%2Band%2BContinue&view=11913_29d0358


 

Project number 503074  File 503074-RAAFWilliamsLav-DSI_Rev5_ForIssue.docx  2020-11-03  Revision 5   180 

11.4 Surface water, pore water and sediment impacts 

11.4.1 Relationship between surface water, pore water and sediment 
results 

Co-located samples for surface water, sediment and pore water were collected to allow a more detailed 
assessment of exposure pathways to the environment. PFAS concentrations reported for porewater in 
sediments helps to characterise the hyporheic zone, which is the region of sediment and porous space 
beneath and alongside a stream bed, where PFAS-impacted groundwater interacts with surface water. The 
relationship between the reported sediment concentrations and surface / pore water concentrations are 
shown in Figure 11-24. 

Figure  11-24    Relationship between the reported PFOS concentration in sediment and the pore water within 
that sediment / co-located surface water 

 
 
There is a small correlation between the reported PFOS concentration in sediment and associated pore 
water samples (R2 = 0.3) and almost no correlation between the sediment and co-located surface water 
samples (R2 = 0.0). The pore water results are generally higher than collocated surface water results 
indicating a dilution effect associated with the flows in the surface water bodies. 

The results for the reported surface water samples were compared to Tier 1 screening criteria as 
summarised in Appendix F. Sediment and pore water results were used in the qualitative assessment of risk 
and to help identify any hotspots that could act as on-going secondary sources. 

11.4.2 Doherty’s Drain 
Surface water (10), sediment (7) and pore water (6) samples were collected from Doherty’s Drain in August 
2018. 7 of the 10 surface water samples reported concentrations of PFOS (0.05 – 0.02 µg/L), and 3 of these 
7 also measured concentrations of PFHxS. There were no other PFAS congeners measured over the LOR. 
In addition, 4 of the 7 sediment samples reported PFOS concentrations (6.2 – 23 µg/kg) but no other PFAS 
chemicals. The 4 locations where PFAS was detected in sediment coincided with the detects in the surface 
water also (i.e. there were no sampled locations where PFAS was detected in one medium, but not the 
other). None of the measured concentrations in surface water samples were over the adopted screening 
criteria for human or ecological health.  
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In contrast, PFOS, PFHxS, PFOA and perfluorinated acid were detected in pore water samples. PFOS was 
detected in all samples (0.02 – 0.26 µg/L), followed by PFHxS in 4 out of 6 samples, perfluorinated acid in 
two samples and PFOA in one sample equal to the LOR. Two of these samples were above the adopted 
screening criteria for both Recreational and 95% Marine Protection ecological health criteria.  

There were no exceedances of the assessment criteria for PFOA. It is noted that there are currently no 
guidelines for PFHxA, however these levels are in excess of PFOA human health screening criteria.  

The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in Doherty’s Drain are summarised in the refined conceptual site model in Section 11.10. 

11.4.3 Laverton Creek 
Surface water (11), sediment (12) and pore water (3) samples were collected from Laverton Creek in August, 
2018 and January / February 2019. 8 out of the 11 surface water and 9 out of the 12 sediment samples 
reported PFOS in low concentrations (0.01 – 0.02 µg/L and 5.1 – 30 µg/kg respectively). One sediment 
sample reported 11 µg/kg of PFHxS, but otherwise all PFAS chemicals; were less than the LOR in Laverton 
Creek. 

Pore water samples measured PFOS and PFHxS concentrations above the LOR in 2 out of 3 samples (2.01 
and 0.05 µg/L respectively), one of which included perfluorinated acids. This sample was also over the 
adopted screening criteria for recreational use (0.7 µg/L PFOS + PFHxS).  

Based on these results, the surface water, sediment and pore water from on- and off-Site as a result of 
PFAS contamination contained in the sediments is a source of PFAS and further investigation was 
performed into the pathways to sensitive ecological receptors further down gradient. However, surface water 
results are below the adopted screening criteria both on-Site and off-Site in Laverton Creek. 

The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in Laverton Creek are summarised in the refined conceptual site model in Section 11.10. 

11.4.4 Skeleton Creek 
Surface water (12), sediment (11) and pore water (5) samples were collected from Skeleton Creek in August 
2018 and January / February 2019.  

PFOS and PFHxS was detected in all 12 surface water samples, followed by minor concentrations of PFOA 
(6 detects) and perfluorinated acids of various types and concentrations. PFOS, PFHxS and PFOA ranged 
from 0.03 – 0.39 µg/L, 0.02 – 0.33 µg/L and 0.01 – 0.03 µg/L respectively. 6 samples exceeded the adopted 
ecological health screening criteria (0.13 µg/L - 95% protection), which were located mid – downstream in 
Seabrook. This is approximately where the ephemeral drain joins Skeleton Creek south of the Western 
Finger Area.  

11 out of 11 sediment samples reported concentrations of PFOS, followed by PFHxS (3 out of 11) and one 
sample detecting concentrations of perfluorinated acids. None of the sediment samples from Skeleton creek 
detected PFOA above the LOR. PFOS concentrations ranged from 6.7 – 390 µg/kg, and PFHxS 
concentrations ranged from 7.4 – 87 µg/kg. Sediment results showed a similar distribution to water 
concentrations, where concentrations increased downstream from the connection between the ephemeral 
drain and Skeleton Creek.  

PFOS was detected in 5 out of 5 pore water samples, followed by PFHxS (4 out of 5) with minor PFOA (1 
sample) and perfluorinated acids. PFOS and PFHxS concentrations ranged from 0.1 – 2.4 and 0.02 – 
0.034 µg/L respectively. PFOS concentrations exceeded adopted criteria in 4 locations for ecological health, 
and in 2 locations for both PFOS and PFOS + PFHxS. 

The surface water concentrations do not decrease downstream of the Site, where SW25 and SW24 are 
around 0.6 µg/L PFOS + PFHxS. Similarly, there is no decreasing trend in reported sediment or pore water 
concentrations downgradient of Site. Further delineation of impacts to surface water and sediment in 
Skeleton Creek is to be addressed during the conduct of the ERA. 
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The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in Skeleton Creek are summarised in the refined conceptual site model in Section 11.10. 

11.4.5 Constructed Wetlands and Laverton RAAF Swamp 
A total of 12 surface water, 12 sediment and 5 pore water samples were collected from wetlands across 
Williams Landing within the former extent of the Site. Samples were collected in January / February 2019.  

PFOS and PFOA were detected in all 12 surface water samples, followed by minor PFHxS (nine detects) 
and perfluorinated acids. PFOS, PFHxS and PFOA ranged from 0.02 – 14, 0.08 – 3.1 and 0.01 – 0.28 µg/L 
respectively. The maximum recorded concentration (14 µg/L, SW28) exceeded 90%, 95% ecological and 
recreational human health criteria. This was the highest reported concentration within the investigation area, 
which was collected from the bio-retention pond on the corner of Ashcroft Avenue and Rothbury parkway. 
Eight other samples exceeded 95% ecology protection criteria, and two of these exceeded recreational 
human health criteria. Additionally, one sample exceeded the same human health criteria based on their 
combined PFOS + PFHxS concentrations (the Bio Retention System).  

PFOS was detected in all pore water samples, while PFHxS and minor PFOA and perfluorinated acids were 
measured in 4 out of 5 samples. Concentrations for PFOS, PFHxS and PFOA ranged from 0.016 – 1.6, 
0.023 – 1.7 and 0.043 – 0.33 µg/L respectively. Three of these samples exceeded 95% ecological and 
recreational human criteria for PFOS and PFOS + PFHxS (recreational human health only) 

PFOS was detected in 9 out of 12 sediment samples collected from the wetlands between 10 – 100 µg/kg. In 
contrast to surface water results no other PFAS chemicals were detected over the LOR.  

The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in Constructed Wetlands and Laverton RAAF Swamp are summarised in the refined conceptual 
site model in Section 11.10. 

11.4.6 Wet Testing Area 
Five sediment samples were collected from the Wet Testing Area to assess the residual PFAS content within 
the storm water drainage trenches that form part of the former aircraft taxiway apron. Sediment in the trench 
consists of a thin layer of fine sediments and organics (algae, moss) on the bottom on the concrete lined 
drain, which is slightly thicker on the downhill / southern end. PFOS was detected in 5 samples, and PFHxS 
detected in 4 samples. Concentrations ranged from 23 – 240 µg/kg PFOS and 5.2 – 17 µg/kg of PFHxS. No 
other PFAS chemicals were detected.  

The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in the Wet Testing area are summarised in the refined conceptual site model in Section 11.10. 

11.4.7 Western Finger Area 
An opportunistic sample was collected from the sump draining from the former electroplating facility (SW44), 
which reported concentrations of 1.2 μg/L PFOS + PFHxS. This sample was predominantly PFOS and 
highlights that the former electroplating facility was a minor potential PFAS source area that is not 
necessarily AFFF-derived. 

The outlet of stormwater drains that drain the hardstand area of the Western Finger reported concentrations 
of 0.15 µg/L PFOS + PFHxS. There is a potential pathway via an ephemeral surface water drainage channel 
to Skeleton Creek, which flows during periods of high rainfall. 

The current understanding of complete and potentially complete S-P-R linkages related to surface water and 
sediment in Western Finger are summarised in the refined conceptual site model in Section 11.10. 
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11.4.8 Storm-event sampling 
The targeted surface water sampling that occurred in June 2019 was aimed at assessing the variation in 
stream PFAS concentrations in response to storm events. 14 surface water, 4 sediment and 2 pore water 
samples were collected on June 3, 2019 where 10.3 mm fell (BOM Rainfall data, accessed 21/08/2019).  

PFOS concentrations were detected in 9 of the surface water samples ranging from 0.02 – 1.1 µg/L. Sample 
results from locations that had previously been tested in sampling events in January / February reported 
lower concentrations of PFOS in comparison. PFHxS concentrations ranged from 0.02 – 0.21 µg/L in 8 
samples. As with PFOS results, concentrations were less than previous sampling events. PFOA was not 
detected during the storm sampling event, where as in earlier sampling events it was detected in three 
locations equal to the LOR.  

Pore water concentrations were similar in comparison to surface water results previously collected in 
Skeleton creek. PFOS, PFHxS and minor PFOA were detected in the two samples. While only 2 samples 
were collected, the reported concentration were within the same range as previous samples. Likewise, 
sediment results detected concentrations of PFOS only, ranging from 7.1 – 23 µg/kg.  

The highest recorded concentrations of PFOS were in SW34 (1.1 µg/L), SW27 (0.24 µg/L) and SW41 
(0.16 µg/L), which were collected from the Wet Testing Area, Bio-retention Pond in Williams Landing and 
upstream from Skeleton Creek. 

11.4.9 Surface water, pore water and sediment impact summary 
On-Site summary:  

In respect to observed PFAS impacts to sediment and surface water on-Site, no complete Source-Pathway-
Receptor linkages were identified above the Tier 1 screening criteria for the relevant land uses. The risks to 
human health and ecology are considered to be low and acceptable, and accordingly require no further 
assessment. 

Off-Site summary: 

There may be complete Source-Pathway-Receptor linkages for humans accessing surface waters in public 
open spaces (constructed wetlands) due to exceedances of Tier 1 screening criteria. However, this exposure 
scenario is considered unlikely and infrequent due to the nature of the surface water bodies. Furthermore, all 
samples were below SSILs derived in SLR Consulting (2018a) for these water bodies. 

There are potentially complete Source-Pathway-Receptor linkages to ecological receptors for exposure to 
off-Site sediment and surface water due to exceedances of Tier 1 screening criteria (for surface water). This 
will require further and more detailed assessment through the conduct of an ERA.  

Overall summary 

Overall, there were 48 surface water samples collected from 34 locations over five sampling events between 
August 2018 and October 2019. Ten locations were re-sampled in June 2019 with four additional Sites in 
response to a storm event. One opportunistic sample was collected in October 2019. Overall, 22 pore water 
samples and 43 sediment samples were collected. Surface water, sediment and pore water samples were 
collected to assess the PFAS contamination on-Site and with proximity along natural pathways from the Site.  

On-Site surface water and associated sediment: 

Ingestion of and dermal contact with surface water is considered an unlikely exposure pathway to on-Site 
human receptors. It is possible that a Trainee, Base worker or Base visitors may enter Doherty’s Drain or 
Laverton Creek and incidentally ingest the surface water; however, there is no anecdotal evidence suggests 
that such exposure has occurred. It is also possible that golfers using the Base golf course could readily 
contact on-Site surface water meaning dermal contact is a probable exposure pathway. The reported 
concentrations are below the primary contact recreational values (NHMRC 2019), as such, the risk is 
considered low and acceptable. 

Direct contact with and uptake of PFAS from surface water and sediment in drainage lines and surface water 
bodies (Doherty’s Drain and Laverton Creek) is a potential exposure pathway to on-Site aquatic flora and 
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fauna. The current investigation reported surface water concentrations in these surface water bodies that are 
below 95% species protection levels, as such, the risk is considered low and acceptable. 

Off-Site surface water and associated sediment: 

Ingestion of and dermal contact with surface water is considered an unlikely exposure pathway to off-Site 
human receptors in Williams Landing. It is possible that users of public open space may enter Addison 
Wetland or Elmstead Wetland and incidentally ingest the surface water. However, such exposure is 
considered unlikely and infrequent. These water bodies are heavily covered with reeds and frequent 
exposure is considered unlikely. 

In other off-Site areas, ingestion of and dermal contact with surface water in Skeleton Creek, Doherty’s Drain 
and Laverton Creek is not considered a complete Source-Pathway-Receptor linkage above the Tier 1 
screening criteria to human receptors. There were no reported exceedances of Tier 1 screening criteria for 
primary contact recreational water use. 

There were results for surface water exceeding drinking water guidance values used for preliminary 
screening of stock watering. Further assessment indicated that the lower of the stock watering criteria 
described in Section 6.5.2 (1 μg/L PFOS+PFHxS) were also exceeded in the Laverton RAAF Swamp25 (0.03 
– 2.29 μg/L PFOS + PFHxS), Kingwell Wetlands (0.49 - 1.02 μg/L PFOS + PFHxS) and at a maximum of 
17.1 μg/L PFOS + PFHxS in the Bioretention Pond near the Former Primary Fire Training Area. The results 
indicate that surface water quality would be protective of the health of horses but not necessarily of people 
eating eggs from chickens provided with surface water of the quality present at those locations. Given that 
the exceedances occur in constructed wetlands and stormwater retention features, it is considered unlikely 
that the surface water in these locations would be used for stock watering. As such, there is no complete 
source-pathway-receptor linkage and the risk is considered low and acceptable. 

Direct contact with and uptake of PFAS from surface water and sediment in the natural wetlands to the 
south-west of Williams Landing is a potentially complete exposure pathway to off-Site aquatic flora and 
fauna. This is supported by exceedances of 99% and 95% species protection values for Tier 1 assessment 
of risk. This is consistent with the finding of potentially unacceptable risk to aquatic ecosystems from SLR 
Consulting (2018a) due to exceedances of freshwater guideline values. Bioaccumulation of PFAS from 
surface water and sediment in the Skeleton Creek is a potentially complete exposure pathway to off-Site 
aquatic flora and fauna. This is supported by supported by exceedances of 95% species protection values 
for Tier 1 assessment of risk. The impacts to surface water and sediment within Skeleton Creek towards 
Cheetham Wetlands have not been delineated, which is to be further assessed as part of the ERA. 

Whilst there are no formally recognised Australian sediment guidelines for the protection of the environment, 
there are sediment samples collected from Skeleton Creek with concentrations in excess of Tier 1 soil 
screening criteria for indirect contact (ecological).  

It is noted that under the State Environmental Protection Policies (SEPP Waters), beneficial uses are not 
protected in artificial wetlands that have been constructed for a specific purpose. Hence, whilst there are 
some exceedances of 95% species protection levels in these constructed wetlands, ecological screening 
criteria are not applicable. 

 

11.5 Biota (Chicken Egg) Samples  
Four eggs were analysed from the Base Childcare centre on Charlesworth Parade. The concentrations of 
PFAS reported in all of the egg samples submitted for analysis were below the poultry egg ‘Proposed Trigger 
Point for investigation’ derived by Food Standards Australia and New Zealand (FSANZ 2017a) and 
accordingly are considered a low and acceptable risk for human (adult and child) consumption. 

 
25 A conservation reserve not accessible to humans or stock 
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11.6 Off-Site aquatic fauna (and prospective human 
consumption) 

Aquatic fauna, such as fish, prawns and yabbies, that may be found in Skeleton Creek, Laverton Creek and 
Williams Landing constructed wetlands in the future have the potential to bioaccumulate PFAS within flesh 
and organs. There are indications of infrequent fishing in Skeleton Creek (based on Water Use Surveys). 
Site inspections as part of the DSI showed paths within the reeds leading to Skeleton Creek, but fishing was 
not observed during multiple visits. Discussions at Community Walk-In Sessions indicate that it would be 
considered rare for fish to be caught recreationally on a regular basis. Skeleton Creek and Laverton Creek 
are not listed as angling waters on the Victorian Fisheries Authority website (VFA 2019). Further evidence 
from fishing forums suggests that the only common species of fish is carp, which are considered unlikely to 
be commonly consumed (Fishing Victoria 2019) at levels required to exceed FSANZ TDIs.   However, based 
on the observation of recreational fishing within Skeleton Creek by EPA Victoria and local community groups, 
this exposure pathway is potentially complete and requires further investigation as part of the HHRA. 
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11.7 Summary of key sources 
The relevant key sources have been assessed and the summarised in Table 11-2. 

Table 11-2    Summary of known and potential PFAS source areas following field investigation 

Former 
CSR Area Comment Source 

status 
Considered major 
or minor source? 

Current extents of Base 
VT0043 Wet Testing Area* Confirmed PFAS presence in 

surface water, groundwater, 
sediment and soil 

Yes Major 

VT0043 Air Movements* Confirmed PFAS presence in 
soil and groundwater 

Yes Major 

Near 
VT1039 

Former Secondary Fire 
Training Area 

Confirmed PFAS presence in 
groundwater, sediment and 
soil 

Yes Minor  

VT0199 Electroplating areas 
(Building 7) 

Confirmed minor PFAS 
presence in soil, 
groundwater  

Yes Minor 

VT0040 
(VIC1039-
VIC1046) 

Historical 
Landfill/Dumping Sites 
(Base Open Space - 
Buried Waste 
Petroleum) 

Confirmed minor PFAS 
presence in soil, 
groundwater  

Yes Minor 

VT0038 
(VT0046) 

Former Electrical 
Workshop (Former 
Building 88). Also 
referred to as Incinerator 
and Flammable Storage 
Area 

Confirmed PFAS presence in 
groundwater 

Yes Minor 

VT0214 
(VT0045) 

Former USTs and 
Flammables Store - East 
of Building 92 and 133 
UST_01 

Confirmed PFAS presence in 
groundwater. Downgradient 
concentration in area not 
indicative of source 

No N/A 

VIC1047 
(VT0046) 

Former Chemical 
Storage (Building 6) 

Confirmed PFAS presence in 
groundwater 

Yes Minor 

VT0046 Former Chemical 
Storage (Buildings 81 
and 155) 

Confirmed PFAS presence in 
groundwater  

Yes Minor 

Former extents of Base 
 Former Primary Fire 

Training Area 
Confirmed PFAS use and 
source 

Yes Major 

 Former GEMS 
Compound 

Confirmed PFAS use and 
source 

Yes Major 

 Firepower 
Demonstration Area 

Unconfirmed potential PFAS 
source 

Potential Minor 

 Former runways Unconfirmed potential PFAS 
source 

Potential Minor 
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11.8 Evaluation of PFAS fluxes via surface-water 
PFAS were detected in samples of surface water collected from drains / creeks entering onto the Site or 
passing south of the Site and potentially receiving surface water / groundwater discharges from Site. The 
mass flux of PFAS for each flow system was estimated to evaluate the relative contribution from each 
surface water feature in response to rain events. Note that these mass fluxes are based on a storm event 
(near worst case) that reflected average rainfall for the 3 June 2019 storm event. Mass fluxes will vary 
depending upon the yield contributing to flow in the flow system, which will vary throughout the year and 
between years.  

For each sampling location the flow rate of water was either evaluated quantitatively based on the flowrate 
and cross-sectional error or based on Melbourne Water recorded flowrates, which were combined with the 
reported total concentration of the 28 PFAS compounds analysed to estimate the mass flux of total PFAS at 
the location. Details of the evaluation are presented in Table 11-3. 

 
Table 11-3    Evaluation of PFAS flux at key surface water features during June 2019 high rainfall event  

Surface Water 
Feature 

Aurecon 
Sample ID 

Indicative 
flow rate 

(L/s) 

Indicative 
flow rate 
(ML/day) 

Concentration 
PFOS+PFHxS 

(µg/L) 

Approx. Daily 
Flux 

PFOS+PFHxS 
(gm/day) 

Concentr
ation 28 
PFAS 
(µg/L) 

Approx. 
Daily Flux 
Total 28 
PFAS 

(gm/day) 
FLOW INTO SITE OR UPSTREAM OF SITE 

Doherty’s Drain  SW10 30 2.6 0 0 0 0 

Laverton Creek SW11 2080 180 0.001 0.2 0.001 0.2 

Skeleton Creek (SC) 
(Upstream) 

SW41 4200 363 0.18 65.3 0.18 65.3 
    

TOTAL 65.5 
 

65.5 

FLOW OUT SITE OR DOWNSTREAM OF SITE 

Laverton Creek SW15 2400 207 0.001* 0.2 0.001* 0.2 

Skeleton Creek 
(Downstream) 

SW20 4200 363 0.21 76.2 0.26 94.3 

Wet Testing Area 
(Drainage On-Site) 

SW34 20 1.7 1.31 2.3 1.49 2.6 

Western Finger Area 
(Drainage to SC)** 

SW43 3 0.26 0.15 0.04 0.15 0.04 

Bio-Retention Pond 
(Williams Landing)*** 

SW27 50 4.32 0.32 1.4 0.4 1.7 

Laverton RAAF 
Swamp outlet to 
SC** 

SW42 50 4.32 0.09 0.4 0.11 0.5 

    
TOTAL 80.4 

 
99.3 

* Concentration reported below LOR, so concentration assumed 10% of August 2018 sampling event (i.e. assumed 10% of the flowrate 
based on measured Skeleton Creek flow data) 
** It is noted that this flux may contribute minimally to the Skeleton Creek flux. This results in minor double counting, but the flux is 
shown to illustrate relative contribution 
*** It is noted that this flux contributes to the Laverton RAAF Swamp outlet flux. This results in minor double counting, but the flux is 
shown to illustrate relative contribution 
 
The indicative estimate of the flux of total PFAS coming onto the Site was approximately 0.2 gm/day, which 
reflected flows in Laverton Creek. There are also significant background contributors of PFAS to Skeleton 
Creek with an estimated flux of 65.3 gm/day upstream of the Site and former Base extents.  

Results from the PFAS flux evaluations indicate that total mass discharge from Site and former Base extents 
resulted in an additional loading in the order of 35 gm/day of total PFAS resulting in total outflows of 
approximately 100 gm/day. Hence, the total mass flux calculated for surface water flows downgradient of the 
Site is approximately 1.5 times the total mass flux coming onto the Site or upgradient of the Site, which 
reflects on-Site contribution to PFAS mass carried in the storm-water or groundwater from the Site. The 
indicative contributions of surface water discharges into Skeleton Creek (from RAAF Laverton Swamp and 
Western Finger) are relatively low compared to the overall flux increase observed in Skeleton Creek. 

On a relative basis, the highest estimate of PFAS fluxes are associated with Skeleton Creek rather than 
Laverton Creek. It is noted that these estimates are indicative only, and the relative confidence in each 
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calculation are provided in Section 10.4. The main impact on the magnitude of the estimate is the flowrate of 
Skeleton Creek, which is based on Melbourne Water flow data. The recorded flowrates vary significantly 
(during and after high flow event) and this estimate offers an indicative snapshot. 

Upstream surface water results in Skeleton Creek were predominantly PFOS with minor PFHxS 
contributions. The soil and groundwater at and downgradient of the source areas demonstrate a similar 
distribution of PFAS to 3M Light Water (except with a greater proportion of PFHxS). An indication of the 
pattern of PFAS compounds within Skeleton Creek and the groundwater that interacts with Skeleton Creek is 
shown in Figure 11-25. 

Figure  11-25    Radar plots indicating compositions in surface water and groundwater locations within or 
upgradient of Skeleton Creek (with units of μg/L) 
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A similar distribution of PFAS is observed in the groundwater interacting with Skeleton Creek compared to 
the surface water in Skeleton Creek hydraulically and topographically downgradient of the key source areas.  

In summary, there are significant upgradient off-Site sources not related to historical use of AFFF at the Site 
that are impacting Skeleton Creek and to a lesser extent Laverton Creek. It appears that the Site is not 
contributing significantly to PFAS loads within Laverton Creek. Groundwater and to a lesser extent surface 
water from the Site and Laverton RAAF Swamp are considered to be contributing to the PFAS load within 
Skeleton Creek. This assessment was based on reported concentrations in groundwater and the similar 
PFAS profile of the groundwater and surface water.
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11.9 Receptors of concern 
The refined list of potential receptors based in the delineation of sources and assessment of pathways is 
summarised in Table 11-4 

Table 11-4    Refined list of potential human and ecological receptors 

Potential Receptor Exposure media 
Potentially 
complete 

exposure pathway 

Above Tier 1 
Risk 

Assessment 
ON-SITE HUMAN RECEPTORS 

Base Workers or 
Trainees 

SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the Wet Testing Area, 
Western Finger Area (including Air Movements), 
Former GEMS Compound, Secondary Fire Training 
Area and other minor sources1 

Yes No 

SURFACE WATER: dermal contact with and 
ingestion of this media in Doherty’s Drain and 
Laverton Creek 

Yes No  

GROUNDWATER No  No 
SEDIMENT/PORE WATER No N/A 

Intrusive construction 
workers 

SOIL/VEGETATION: dermal contact with and 
ingestion of this media, and inhalation of dust at the 
Wet Testing Area, Western Finger Area (including 
Air Movements), Former GEMS Compound, 
Secondary Fire Training Area and other minor 
sources1 

Yes No 

SURFACE WATER Yes No 

GROUNDWATER No2 N/A 
SEDIMENT/PORE WATER No2 N/A 

Site visitors SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the Wet Testing Area, 
Western Finger Area (including Air Movements), 
Former GEMS Compound, Secondary Fire Training 
Area and other minor sources1 

Yes No 

SURFACE WATER: dermal contact with and 
ingestion of this media in Doherty’s Drain and 
Laverton Creek 

Yes No  

GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 

Temporary on-Site 
residents 

SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the temporary residences1 

Yes No 

SURFACE WATER No N/A 
GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 

Childcare attendees SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the Base childcare centre 

Yes No 

SURFACE WATER No N/A 
GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 
EGGS: ingestion of this media at the Base childcare 
centre 

Yes No 

1 Refer to Figure 13-16 in Appendix A for extent of impacted soil.  
2 Existing administrative controls and PPE are in place to prevent exposure.  
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Refined list of potential human and ecological receptors, continued 

Potential Receptor Exposure media 
Potentially 
complete 

exposure pathway 

Above Tier 1 
Risk 

Assessment 
OFF-SITE HUMAN RECEPTORS 

Off-Site residents SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the Wet Testing Area, 
Western Finger Area (including Air Movements), 
Former Primary Fire Training Area and other minor 
off-Site sources1. This is based on the assumption 
that concentrations present on the eastern side of 
the boundary near the Wet Testing Area are present 
on the western side of the boundary in this area 

Yes Yes 

SURFACE WATER No N/A 
GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 

Off-Site users of 
public open space 

SOIL/VEGETATION: dermal contact with and 
ingestion of this media at the Wet Testing Area, 
Western Finger Area (including Air Movements), 
Former Primary Fire Training Area and other minor 
off-Site sources1 

Yes No 

SURFACE WATER: dermal contact with and 
ingestion of this media in constructed wetlands, 
Laverton Creek and Skeleton Creek 

Yes No3 

GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 

Off-Site 
commercial/industrial 
workers 

SOIL: dermal contact with and ingestion of this 
media in industrial / commercial precincts 

Yes No 

SURFACE WATER No N/A 
GROUNDWATER No N/A 
SEDIMENT/PORE WATER No N/A 

ON-SITE ECOLOGICAL RECEPTORS 
On-Site terrestrial 
biota 

SOIL/VEGETATION: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Wet Testing Area, Former GEMS Compound and 
Western Finger (Air Movements) 

Yes Yes 

SOIL/VEGETATION: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Former Secondary Fire Training Area and Landfills 

Yes No 

SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Doherty’s Drain and Laverton Creek 

Yes No 

GROUNDWATER No N/A 
SEDIMENT/PORE WATER: Potential direct contact 
with and uptake (and bioaccumulation) from these 
media in Doherty’s Drain and Laverton Creek 

Yes No criteria4 

On-Site aquatic biota SOIL/VEGETATION No N/A 
SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Doherty’s Drain and Laverton Creek 

Yes No 

GROUNDWATER No N/A 
SEDIMENT/PORE WATER: Potential direct contact 
with and uptake (and bioaccumulation) from these 
media in Doherty’s Drain and Laverton Creek 
 

Yes No criteria4 

1 Refer to Appendix A - Figures 13-16 for extent of impacted soil  
3 One exceedance of primary contact recreational guidance value reported for Bio Retention System, which is considered an unlikely exposure scenario 
and this result was below SSIL from SLR Consulting (2018a) 
4Note detects of PFAS in sediments from Laverton Creek, Skeleton Creek, stormwater system and wetlands, but no sediment guidance values in the NEMP 

 
 

Refined list of potential human and ecological receptors, continued 
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OFF-SITE ECOLOGICAL RECEPTORS 
Off-Site terrestrial 
biota5 

SOIL/VEGETATION: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Wet Testing Area, Air Movements, Former 
Secondary Fire Training Area and Former Runways 

Yes Yes6 

SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Skeleton Creek and Laverton RAAF Swamp 

Yes Yes 

SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Laverton Creek and constructed wetlands 

Yes No / N/A7 

GROUNDWATER: Potential direct contact with and 
uptake (and bioaccumulation) from media 

Yes No criteria8 

SEDIMENT/PORE WATER: Potential direct contact 
with and uptake (and bioaccumulation) from these 
media in Laverton Creek and Skeleton Creek 

Yes No criteria4 

Off-Site aquatic biota SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Skeleton Creek and Laverton RAAF Swamp 

Yes Yes9 

SURFACE WATER: Potential direct contact with 
and uptake (and bioaccumulation) from media in 
Laverton Creek and constructed wetlands 

Yes No / N/A7 

GROUNDWATER: Potential direct contact with and 
uptake (and bioaccumulation) from media at point of 
discharge to Skeleton Creek 

Yes Yes 

SEDIMENT/PORE WATER: Potential direct contact 
with and uptake (and bioaccumulation) from these 
media in Laverton Creek and Skeleton Creek 

Yes No criteria4 

1 Refer to Appendix A - Figures 13-16 for extent of impacted soil 
4Note detects of PFAS in sediments from Laverton Creek, Skeleton Creek, stormwater system and wetlands, but no sediment guidance values in the NEMP 

5 Note that this is defined as an off-Site exposure scenario (i.e., the biota are located off-Site when in contact with media). Fauna, such as birds and 
mammals, that can move on and off-Site are covered in the on-Site Terrestrial Biota scenario as the exposure scenario occurs on-Site 
6 Direct contact ecological screening criteria (public open space) not exceeded, but indirect contact ecological screening criteria (industrial/commercial) was 
exceeded 
7 Exceedance of 95% species protection screening criteria, the impacted aquatic environment is a constructed wetland not covered under SEPP Waters  
8Groundwater ecological criteria are for marine and freshwater protection, which are not directly applicable to terrestrial biota (such as grass and trees) 
9 95% species protection screening level exceeded for bioaccumulation but not 90% species protection screening level for direct contact 
 

11.10 Refined Conceptual Site Model 
The assessment of known and potential human and ecological receptors based on the risk assessment 
presented in Section 11 is summarised in Table 11-5.  

Focussing on the main source of PFAS-impacted soils, Figure 11-26 presents cross section of the refined 
CSM for the main source area located at the Wet Testing Area and Western Finger Area. Key points shown 
on the figure are the impact to soil and groundwater at the Wet Testing Area and Air Movements. This 
impacted groundwater is believed to interact with Skeleton Creek, which has resulted in biota in Skeleton 
Creek being exposed to PFAS above the screening levels. 

It is possible that there is some underflow of groundwater beneath Skeleton Creek, however it is considered 
a significant barrier to flow and it is not considered that there is potential for unacceptable exposure to PFAS 
south of Skeleton Creek. 
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Figure 11-26    Geographic cross-section of key PFAS transport pathway (On-Site sources) 
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Figure 11-27    Geographic cross-section of key PFAS transport pathway (Former Base sources) 
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Table 11-5    Assessment of known and potential human and ecological receptors 

 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 
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Soil (Wet Testing 
Area and Western 
Finger – Comm/Ind) 

Inhalation of dust or particulates             

Incidental Ingestion *            

Dermal Contact *            

Consumption of home grown produce 8  *            

Direct Contact or Uptake         ***    

Bioaccumulation or Secondary Poisoning         ***    

Soil (Former GEMS 
Compound – 
Comm/Ind) 

Inhalation of dust or particulates             

Incidental Ingestion **  #          

Dermal Contact **  #          

Consumption of home grown produce 8 **            

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Soil (Former 
Secondary Fire 
Training Area – 
Public Open Space) 

Inhalation of dust or particulates             

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             
1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site Terrestrial Biota scenario as 
the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult. 8 Includes fruits, vegetables and chicken eggs. 
* Assessment of this pathway is covered under separate correspondence (enRiskS 2020) and likely to be subject to further investigation. ** Subject to further investigation as part of HHRA.  
*** Under the SEPP Waters, beneficial uses are not protected in artificial wetlands that have been constructed for a specific purpose. # Boundary concentrations do not indicate the potential for exceedances of criteria relevant to the land use 
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 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 

Off-Site On-Site Off-Site1 On-Site1 
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Soil (Other minor on-Site 
source areas or open space – 
Comm / Ind / Public Open 
Space)4 

Inhalation of dust or particulates             

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Soil (Former Primary Fire 
Training Area – Residential / 
Public Open Space) 

Inhalation of dust or particulates             

Incidental Ingestion *            

Dermal Contact *            

Consumption of home grown produce 8 *            

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Soil (Potential minor off-Site 
source areas or open space – 
Comm / Ind / Public Open 
Space)5 

Inhalation of dust or particulates             

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8 *            

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             
1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site Terrestrial Biota scenario as 
the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult 4 Other minor on-Site source areas include the Old Photographic Centre, former landfills and Old Fuel Farm. 5 Other minor off-Site source 
areas include the former runways and former Firepower Demonstration Area 7 Includes Intrusive construction workers. 8 Includes fruits, vegetables and chicken eggs. 
* Assessment of this pathway is covered under separate correspondence (enRiskS 2020) and likely to be subject to further investigation. 
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 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 

Off-Site On-Site Off-Site1 On-Site1 
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On-Site groundwater 

Ingestion (potable use)             

Incidental Ingestion (non-potable use)             

Dermal Contact (potable and other uses)             

Consumption of home grown produce 8             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Off-Site groundwater 

Ingestion (potable use)             

Incidental Ingestion (non-potable use) **            

Dermal Contact (potable and other uses) **            

Consumption of home grown produce 8             

Direct Contact or Uptake          ##   

Bioaccumulation or Secondary Poisoning          ##   

Surface Water (Doherty’s 
Drain and Laverton Creek – 
Public Open Space) 

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake          ##  ## 

Bioaccumulation or Secondary Poisoning          ##  ## 
1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site 
Terrestrial Biota scenario as the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult. 8 Includes fruits, vegetables and chicken eggs. 
## Groundwater ecological criteria are for marine and freshwater protection, which are not directly applicable to terrestrial biota (such as grass and trees). ** Subject to further investigation of potential extraction for 
filling of swimming pools and / or irrigation 
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3 
 

 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 

Off-Site On-Site Off-Site1 On-Site1 
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Surface Water (Skeleton 
Creek – Public Open Space) 

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning         +    

Surface Water (Constructed 
Wetlands, Williams Landing – 
Public Open Space) 

Incidental Ingestion  ++           

Dermal Contact  ++           

Consumption of home grown produce 8             

Direct Contact or Uptake         ^    

Bioaccumulation or Secondary Poisoning         ^    

Surface Water (Natural 
Wetlands, Williams Landing) 

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake         ^^    

Bioaccumulation or Secondary Poisoning         ^^    
1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site 
Terrestrial Biota scenario as the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult. 8 Includes fruits, vegetables and chicken eggs. 
+ 95% species protection screening level exceeded for bioaccumulation but not 90% species protection screening level for direct contact. ++ Below recreational water guidance values for constructed wetlands 
where recreational use is likely (does not include Bioretention Pond) ^ exceedance of 95% species protection screening criteria, but the impacted aquatic environment is a constructed wetland not covered under 
SEPP Waters ^^ 99% species protection screening level exceeded for bioaccumulation for natural wetland and 95% species protection screening level for direct contact. 
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Assessment of known and potential human and ecological receptors, continued 
 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 

Off-Site On-Site Off-Site1 On-Site1 
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Surface Water (On-Site 
storm-water drainage system 
– Comm/Ind) 

Incidental Ingestion             

Dermal Contact             

Consumption of home grown produce 8             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Sediment / Pore Water 
(Doherty’s Drain and 
Laverton Creek – Public 
Open Space) 6 

Incidental Ingestion             

Dermal Contact             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Sediment / Pore Water 
(Skeleton Creek – Public 
Open Space) 6 

Incidental Ingestion             

Dermal Contact             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Sediment / Pore Water 
(Constructed Wetlands, 
Williams Landing – Public 
Open Space) 6 

Incidental Ingestion             

Dermal Contact             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             
1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site 
Terrestrial Biota scenario as the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult 6 Currently no reliable criteria for Tier 1 assessment of sediment. 7 Includes 
Intrusive construction workers. 8 Includes fruits, vegetables and chicken eggs. 
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 Pathway not complete and / or relevant for this receptor 
Tier 1 screening level not exceeded Potential or identified complete pathway, but PFAS screening levels not exceeded or not likely to be exceeded at receptor 
Tier 1 screening level exceeded Complete pathway with potential exposure above Tier 1 screening level at receptor 
Tier 1 screening level not available Potentially complete pathway, but no Tier 1 screening level 

Exposure Media Exposure Pathway 

Human Receptors Ecological Receptors 

Off-Site On-Site Off-Site1 On-Site1 
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Sediment / Pore Water 
(Laverton RAAF Swamp, 
Williams Landing) 6 

Incidental Ingestion             

Dermal Contact             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             

Sediment / Pore Water (On-
Site storm-water drainage 
system – Comm/Ind)6 

Incidental Ingestion             

Dermal Contact             

Direct Contact or Uptake             

Bioaccumulation or Secondary Poisoning             
Aquatic Food (Constructed 
wetlands, Skeleton Creek, 
Laverton Creek) 

Ingestion  <           

1 Note that this is defined as an off-Site exposure scenario (i.e. the biota is located off-Site when in contact with media). Fauna, such as birds and mammals, that can move on and off-Site are covered in the on-Site 
Terrestrial Biota scenario as the exposure scenario occurs on-Site. 2 Includes users of golf course and sports fields. 3 Child or adult 6 Currently no reliable criteria for Tier 1 assessment of sediment. 7 Includes 
Intrusive construction workers 
< This is a potential exposure pathway that is considered potentially complete and requires further assessment as part of the off-Site HHRA (refer to Sections 3.1.1 and 6.2.2) 
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12 Conclusions 

12.1 Outcomes of key objectives 
The four key objectives of the over-arching project as set out in the RFQTS were for the:  

 Conduct of ASC NEPM compliant detailed environmental investigations 

 Conduct of ASC NEPM compliant human health and / or ecological risk assessments (if assessed as 
necessary) 

 Development, maintenance, and management of Site-specific stakeholder information and engagement 

 Development of a PFAS Area Management Plan (PMAP) which includes an Ongoing Monitoring Plan 
(OMP) to address identified risks 

12.1.1 Conduct of ASC NEPM compliant detailed environmental 
investigations 

The DSI was conducted in general accordance with the framework set out in the ASC NEPM with minor 
departures as noted within the body of this report. The ASC NEPM risk assessment framework identified in 
Schedule B2 was used to guide both qualitative and quantitative investigation and to assess generic (Tier 1) 
risks to human and ecological receptors.  

The following steps were completed as part of the DSI, which are in accordance with the decision flowchart 
in the ASC NEPM (refer to Figure 12-1): 

 Preliminary Site Investigation completed by others (Golder 2017) and summarised in this report 

 Detailed investigation and laboratory analysis (described in Sections 7 to 11) 

 The preliminary CSM that was developed to guide the investigation was refined (refer to Sections 5 and 
11.10) 

 The screening criteria for some intended land uses were exceeded in specific areas, so 
recommendations were provided for additional Site-specific risk assessment with respect to human health 
and ecological risks. These recommendations are summarised in Section 12.1.2 

 A PFAS Management Action Plan (PMAP) will be prepared after finalisation of this DSI report. The 
relevant considerations from this DSI are summarised in Section 12.1.4 
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Figure 12-1    ASC NEPM general process flowchart indicating Project progression 
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The DSI works (desktop and intrusive field works) showed that the main primary AFFF-derived PFAS source 
areas are:  

 The Wet Testing Area (Aircraft maintenance and refuelling area) 

 The Air Movements (Western Finger) 

 Former GEMS Compound (off-Site) 

 The Former Primary Fire Training Area (off-Site) 

Minor on-Site source areas were identified at the following locations: 

 Former Secondary Fire Training Area 

 Former Electroplating Area (unlikely to be associated with AFFF use) 

 Chemical Storage Areas 

Further potential minor off-Site source areas were identified at the following locations but were unable to be 
adequately characterised owing to access complexities. 

 Former Runways 

 Former Firepower Demonstration Area 

Whilst the source areas are known, there has been significant movement of soils for remediation and 
landscaping purposes in the divested land (Williams Landing) resulting in a spread of PFAS away from these 
source areas. The DSI and a commensurate investigation by SLR Consulting (2018a) showed that there was 
elevated PFAS impact associated with the known historical source areas with widespread lower levels 
associated with soil movement. Figure 12-2 shows the locations of the key source areas. 

Figure 12-2    Summary of key PFAS sources, transport pathways and receptors 

 

The nature and extent of PFAS-impacted media reflects migration of PFAS away from the identified source 
areas via surface water and groundwater. The lateral and vertical extents of detected PFAS was generally 
defined around each source area for the purpose of determining risk in comparison to Tier 1 screening 
criteria. 
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Details of potential pathways via surface water and groundwater between sources and receptors include: 

 Surface water generally flows along topographical gradients in a general south easterly direction towards 
the creeks (Laverton Creek and Skeleton Creek), which in turn discharge to Port Phillip Bay. Key surface 
water pathways for PFAS transport into Skeleton Creek include: 

 Williams Landing stormwater drainage / runoff drains into the Bioretention Pond before flowing into 
Ashcroft Wetlands and Laverton RAAF Swamp. Surface water in Laverton RAAF Swamp overflows 
into Forsyth Road Drain (south of Laverton RAAF Swamp), which discharges to Skeleton Creek 
and eventually Cheetham Wetlands and / or Port Phillip Bay 

 Truganina and Williams Landing stormwater drainage / runoff drains into Forsyth Road Drain (main 
section north of Laverton RAAF Swamp) before flowing into Laverton RAAF Swamp. Surface water 
in Laverton RAAF Swamp overflows into Forsyth Road Drain (south of Laverton RAAF Swamp), 
which discharges to Skeleton Creek and eventually Cheetham Wetlands and / or Port Phillip Bay 

 Stormwater drainage from the Western Finger Area (on-Site) drains into an open drainage channel 
(ephemeral), which runs under the Princes Freeway and, when flowing, discharges into Skeleton 
Creek 

 Groundwater flow at the Site occurs in a general southerly to south-easterly direction and discharges into 
Skeleton Creek 

 Groundwater quality is generally poor (Segment C) and not suitable for potable use. Groundwater is not 
extracted for any beneficial use on-Site. There are areas of localised recharge, particularly the Western 
Finger 

 There were background concentrations of PFAS in the surface water of Doherty’s Drain, Laverton Creek 
and Skeleton Creek prior to passing through or past the Site indicating other sources of PFAS not related 
to the historic use or storage of AFFF at the Site 

 There was background concentration of PFAS in the groundwater flowing onto the Site at around the limit 
of reporting (0.01 µg/L). The background soil concentrations are assumed to be below the limit of 
reporting 

 The Site and surrounding properties are serviced by reliable mains water supplied by City West Water as 
the primary water source. This is important as the primary route of exposure to PFAS in humans occurs 
through the ingestion of impacted water or through the consumption of food which has been exposed to 
impacted water or soil  

 No Water Use Surveys indicated groundwater or surface water in the vicinity of the Site was being used 
for drinking water or irrigation for food production. It is noted that limited responses were received to the 
Water Use Survey. For example, the response rate within Williams Landing was approximately 1.4%, 
which indicates that this survey dataset is not a robust basis for drawing conclusions on water use. 

 There is some uncertainty around current and future groundwater extraction for recreational use (filling of 
pools) downgradient of the Former GEMS Compound to be further assessed as an addendum to this 
report. 

A detailed CSM was developed from the exposure and transport pathways to identified human health and 
ecological receptors. This detailed CSM is summarised in Section 11.10. 

Based on the findings of the DSI, the following conclusions are made in respect of risk to human health and 
the environment: 

Human Health 

 On-Site: In respect to observed PFAS impacts to soil, sediment, surface water, chicken eggs and 
groundwater, we have identified no complete Source-Pathway-Receptor linkages above the Tier 1 
screening criteria for the relevant land uses. Groundwater is generally 5 m below ground level and whilst 
there are exceedances of recreational water guidance values, the pathway to human receptors (including 
intrusive construction workers) is considered incomplete. We consider exposure to be low and acceptable 
for on-Site humans, and accordingly requires no further assessment. 
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 Off-Site:  There may be complete Source-Pathway-Receptor linkages for exposure to PFAS impacted 
soils within traditional size residential allotments in Williams Landing due to exceedances of Tier 1 
screening criteria. There may be complete Source-Pathway-Receptor linkages related to the consumption 
of carp / eels from Skeleton Creek. These will require further and more detailed assessment through the 
conduct of a HHRA. 

Environment 

 On-Site:  In respect to observed PFAS impacts to sediment, surface water and groundwater, we have 
identified no complete Source-Pathway-Receptor linkages above the Tier 1 screening criteria for the 
relevant land uses and consider the ecological risks to be low and acceptable, and accordingly requires 
no further assessment.  

 There are potentially complete Source-Pathway-Receptor linkages for exposure to on-Site soils. The 
exceedances of Tier 1 screening criteria are confined to main source areas near the Wet Testing Area, 
Western Finger and Former GEMS Compound. It is proposed that these risks to environmental receptors 
can be mitigated with appropriate management strategies and do not require further assessment of 
ecological risk. 

 Off-Site: There are potentially complete Source-Pathway-Receptor linkages for exposure to off-Site soils, 
sediment, surface water and groundwater due to exceedances of Tier 1 screening criteria. This will 
require further and more detailed assessment through the conduct of an ERA. 

A PFAS Area Management Plan including an Ongoing Monitoring Plan will be developed to address the 
identified risks. 

12.1.2 Conduct of ASC NEPM compliant human health and / or ecological 
risk assessments 

The recommendations for the conduct of ASC NEPM compliant human health and / or ecological risk 
assessments are summarised below. 

Human Health:  

On-Site risks are considered low and acceptable, and accordingly require no further assessment.  
Off-Site within Williams Landing risks are potentially elevated for exposure to soils within 
traditional size residential allotments as identified in SLR Consulting (2018a). Further and more 
detailed investigation of this exposure pathway will be completed as part of further HHRA. 
Off-Site (outside former Base extents) risks for exposure to soil, sediment and surface water are 
considered low and acceptable. PFAS impacts to the groundwater have been delineated to below 
recreational water guidance values downgradient of main source areas, with the exception of the 
Former GEMS Compound, which will be addressed in further works. It is noted that no complete 
exposure pathways to impacted groundwater have been identified. Further and more detailed 
investigation of consumption of fish from Skeleton Creek will be completed as part of further HHRA. 

Ecological: 

On-Site risks are considered low and acceptable, and accordingly require no further assessment.  
Off-Site risks are potentially elevated for sensitive ecological receptors within Laverton RAAF 
Swamp and Cheetham Wetlands and will require further and more detailed assessment through the 
conduct of an ERA. 

 

12.1.3 Development, maintenance, and management of Site-specific 
stakeholder information and engagement 

Site-specific stakeholder engagement was completed in the form of: 

 Monitoring of the Project information line and email address. 

 Water Use Survey 
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 Community Information Sessions 

 Community newsletter 

The scope and format of this investigation was presented at Community Walk in Sessions conducted at 
Laverton Community Hub on the 9th August 2018 and Laverton Club Hall on the 12th October 2018. A 
community newsletter update was provided in September 2019 upon the completion of the majority of the 
field work program. 

A water use survey was issued to properties in the Williams Landing estate, residential area immediately 
east of the Site boundary and residential / commercial area immediately south of the Site boundary to 
determine water use and land use activities on properties within the former base boundary and immediately 
down hydraulic gradient of known source areas. The format of the water use survey was provided by 
Defence to ensure consistency with other Defence Sites where DSI works were being conducted. A total of 
66 surveys were completed using hard copy or online (Survey Monkey) format between 15 August and 5 
December 2018. A further in-person WUS was completed for the registered bore south of the Laverton 
RAAF Swamp. 

12.1.4 Development of a PFAS Area Management Plan (PMAP) which 
includes an Ongoing Monitoring Plan (OMP) to address identified 
risks 

The requirements for the implementation of risk mitigation measures and the nature of such mitigation 
measures will be addressed in the PFAS Management Action Plan (PMAP), which is to be prepared after 
finalisation of this DSI report. Management of risks associated with Site sources of PFAS through the PMAP 
would involve a combination of engineering and administrative measures. Using the findings from the 
Source-Pathway-Receptor linkages set out in the refined CSM, measures will be implemented to manage 
risk. The intent of these measures would be to either remove a source or receptor or cut the pathway of 
exposure between a source and associated receptor. Based on the characterisation of the key source areas 
of PFAS impact to soil, groundwater, surface water and sediment (Wet Testing Area, Primary Fire Training 
Area, Former GEMS Compound and Western Finger areas), it is considered that there is sufficient 
information to devise risk-based remediation strategies. 

Monitoring will be set out in the PMAP Ongoing Monitoring Plan (OMP). The OMP will detail a sampling plan 
that will allow detection of any significant changes in surface waters and groundwater levels or quality after 
removal of source materials. In addition, the OMP will set out the approach to collecting data to evaluate 
trends of PFAS concentrations in surface water and groundwater. Evaluation of these trends will provide 
guidance on the need to implement mitigation measures if (to be established) trigger levels are exceeded. 

12.1.5 Updated uncertainties and gaps 
A number of uncertainties and gaps were identified associated with PFAS at RAAF Williams Laverton as 
detailed previously in Section 5.8. The sampling plan was designed to address these data gaps, where 
considered valuable. There are several residual data gaps that remain after completion of the DSI works. 
These updated uncertainties and gaps include: 

 There was a limited response to the Water Use Surveys, which were issued via letter drop to selected 
sectors within the investigation area (~5,000 residences) and available online or at community information 
sessions. There were only 67 residents and businesses on nearby properties that responded to the water 
use survey and as such, results may not reflect a complete understanding of water use for the area 

 The contribution from groundwater to Skeleton Creek downgradient of the Primary Fire training area, in 
particular at the private registered groundwater bore (WRK960196), which has been identified for sample 
collection as part of the ERA 

 Complete delineation of impacts to soil in the open area adjacent to the Western Finger (Air Movements) 
hard stand area 

 Complete delineation of impacts to the lower part of the Newer Volcanics aquifer remains a minor data 
gap as all new wells were targeted on the upper part of the aquifer 
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 Complete delineation of impacts to soil in the open area adjacent to the Former GEMS Compound 

 Complete delineation of off-Site impacts to soil in the residential area adjacent to the Wet Testing Area 
and Air Movements (likely to be required for PMAP) 

 The contribution from groundwater to Skeleton Creek down-gradient from the Former GEMS Compound 
and the extent of groundwater impact associated with this source area 

 Further assessment of the surface water, sediment and pore water within Addison wetlands, due to 
landowner restrictions on access 

 Further assessment of exposure pathway via consumption of home grown produce (fruits, vegetables and 
chicken eggs) within traditional allotments in Williams Landing 

 Further assessment of exposure pathway via consumption of fish caught recreationally in Skeleton Creek 

 Complete delineation of impacts to surface water and sediment downstream in Skeleton Creek. 

All of the above data gaps will be addressed in the design and implementation of the PMAP. Further 
uncertainties that remain which the PMAP may not resolve (with the possibility of some ambiguity still 
remaining) are:  

 Systematic assessment of soil impact within the residential areas of Williams Landing (it is anticipated 
some access constraints will ultimately occur) 

 Groundwater samples south of Skeleton Creek have not been collected. Skeleton Creek is a gaining 
system based on the groundwater and surface water elevations, which is acting as a barrier to further 
flow of impacted groundwater. Flow of impacted groundwater under Skeleton Creek (to the south) may 
occur but is considered unlikely.  Notwithstanding this, the land use setting and context for the potential 
use of groundwater is the same both north and south of Skeleton Creek 

 Current gaps in the knowledge about the human health and ecological risks of PFAS-impacted sediment. 
Currently, there are no current guidelines in the NEMP for these media. The ANZBP proposed screening 
levels based on the FSANZ TDI may be included in future revisions of the NEMP and sediment guidance 
values may be reported 

 There is some reliance on anecdotal information from Defence personnel, Defence contractors and the 
community. It was assumed that information derived from such sources was accurate, but without 
documented evidence, there is room for error in the recall of Site personnel 

12.2 Recommendations 
Based on the findings of this PFAS investigation, the following recommendations are made: 

 A detailed review of the Williams Landing HHRA by SLR Consulting (2018a) was undertaken to assist in 
resolving the presence or absence of potentially elevated risk to residents within traditional allotments 
within Williams Landing. The review of this HHRA, which also included additional information collected as 
part of the current investigation, recommended further assessment of land use in the larger allotments 
and collection of additional sampling data. This assessment will be detailed under separate cover to this 
DSI report 

 Further assessment is recommended to assess the potential for elevated exposure to PFAS for residents 
off the south-eastern boundary adjacent to the Former GEMS Compound. The results and findings of this 
assessment will be reported under separate cover to this DSI report 

 Further assessment is recommended to assess the potential for elevated exposure to PFAS for 
recreational fishers consuming fish and / or eels caught in Skeleton Creek. The results and findings of this 
assessment will be reported under separate cover to this DSI report 

 An ERA should be undertaken to identify and assess risk associated with bioaccumulation of PFAS in 
biota within Skeleton Creek and the Williams Landing natural wetlands (Laverton RAAF Swamp). This 
ERA should include further delineation of surface water and sediment impacts on the pathway to 
downstream sensitive ecological receptors in Cheetham Wetlands  
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 The off-Site impacts above recreational water guidance values have been defined to the extent practical 
downgradient of the Western Finger source areas. However, further assessment should be undertaken to 
understand downgradient impacts to groundwater from the Former GEMS Compound source area 

 A PFAS Management Area Plan should be developed to provide practicable solutions to break the 
remaining source-pathway-receptor linkages and prevent/minimise the migration of PFAS beyond RAAF 
Williams Laverton through: 

 Removing/reducing any potential PFAS source areas at RAAF Williams Laverton and the former Base 
extents where practicable 

 Reducing the mass of the PFAS within the groundwater at RAAF Williams Laverton 

 Block or divert PFAS-impacted groundwater and surface water from the sources 

 Protect the community from exposure, where required, while management actions addressing source 
areas and/or migration pathways are underway 

 As part of the PFAS Management Area Plan, a detailed options analysis should be undertaken to assess 
the management/mitigation options in terms of: 

 Cost and effectiveness 

 Timeframes 

 Stakeholders 

 Environment and socio-economic impacts (positive and negative) 

 Net environmental benefit 

 Develop an Ongoing Monitoring Plan as part of the PFAS Management Area Plan to: 

 Inform risk management decisions by Defence and regulatory agencies to protect human health and 
the environment 

 Track changes in the distribution, concentration, transport (pathways and flow rates) and 
transformation of the contaminants and assessment against appropriate guideline values 
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13 Statement of limitations 
Aurecon performed the services in a manner consistent with the normal level of care and expertise exercised 
by members of the environmental profession. No warranties express or implied, are made. It should be noted 
that some information provided in this report is reliant on information provided by third parties such as 
Department of Defence and various State and Commonwealth government departments. Aurecon takes no 
responsibility for the quality/accuracy of information provided by third parties. 

The outcome of this report is limited to information supplied for the activities associated with the scope of 
works only. It is intended that this assessment provides a description of the identified PFAS sources, 
pathways and receptors and recommendations on how to address and manage any issues at the location in 
question. This report has been prepared to support an environmental audit being completed in accordance 
with section 53V of the Environment Protection Act 1970. 

Soil and rock formations are often variable, resulting in heterogeneous distribution of PFAS across a Site. 
PFAS concentrations may be estimated at chosen sample locations, however, conditions between sample 
Sites can only be inferred on a basis of geological and hydrological conditions and the nature and the extent 
of the PFAS. Boundaries between zones of variable PFAS concentrations are often indistinct, and therefore 
interpretation is based on available information and the application of professional judgement. Aurecon uses 
best judgement acquired from working on similar Sites and makes recommendations based solely on the 
results obtained. 

We note that this report has been prepared for the use of Defence only and is based on information provided 
by Defence. Aurecon takes no responsibility and disclaims all liability whatsoever for any loss or damage that 
Defence may suffer as a result of using or relying on any such information or recommendations contained in 
this report, except to the extent Aurecon expressly indicates in this report that it has verified the information 
to its satisfaction. This report does not provide a complete assessment of the environmental status of the 
Site, and it is limited to the scope defined herein. Should further information become available regarding the 
conditions at the Site, including previously unknown likely sources of PFAS, migration pathways or receptors, 
Aurecon reserves the right to review the report in the context of the additional information. 

The findings, observations and conclusions expressed by Aurecon are not, and should not be considered as 
an opinion concerning the commercial feasibility of the property or asset. The report may contain various 
remarks about and observations on legal documents and arrangements such as contracts, supply 
arrangements, leases, licences, permits and authorities. A consulting scientist can make remarks and 
observations about the technical aspects and implications of those documents and general remarks and 
observations of a non-legal nature about the context of those documents. However, as consulting scientists, 
Aurecon is not qualified, cannot express and should not be taken as in any way expressing any opinion or 
conclusion about the legal status, validity, enforceability, effect, completeness or effectiveness of those 
arrangements or documents or whether what is provided for is effectively provided for. They are matters for 
legal advice.  
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