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Key Messages 

These key messages are the outcomes of a Detailed Site Investigation (DSI) of Per- and Poly-

fluoroalkyl Substances (PFAS) on and near the Defence Bandiana Military Area (BMA) in Wodonga, 

Victoria. 

What was done? 

The investigation involved multiple components of assessment and review to identify the extent of PFAS on 

and near the BMA. 

PFAS are a class of manufactured chemicals that resist heat, stains, grease and water and therefore, have 

been used widely in many industrial applications. PFAS were used in aqueous film forming foams (AFFF), 

which are fire-fighting foams that have been used extensively worldwide, and within Australia, from about the 

1970s by both civilian and military authorities. In May 2018, the Australian Department of Health Expert Health 

Panel for Per- and Poly-Fluoroalkyl Substances (PFAS) released their report to the Minister1. The panel’s key 

finding as highlighted in their summary report was as follows: 

“Importantly, there is no current evidence that supports a large impact on a person’s health as a result of high 

levels of PFAS exposure. However, the Panel noted that even though the evidence for PFAS exposure and 

links to health effects is very weak and inconsistent, important health effects for individuals exposed to PFAS 

cannot be ruled out based on the current evidence.” 

Given, however, that PFAS continue to persist in humans and the environment, the Panel noted that exposure 

to them should be minimised. 

As part of a national program proactively initiated by Defence, an assessment was conducted to understand 

areas within the BMA where AFFF that contained PFAS was used or disposed of and to understand the 

potential contamination risks on both Defence’s property and within surrounding areas. 

A sampling programme both within the BMA and the surrounding area was completed over a five month 

period from October 2017 to February 2018. The programme involved drilling bore holes to sample the 

groundwater, the collection of soil samples, and the collection of water and sediment samples from creeks, 

rivers, ponds, lakes and dams.  

Prior to commencing the sampling program, a water use survey (WUS) was distributed to 2161 properties 

around the BMA to understand how people use water. This sampling programme collected and analysed the 

following:  

 soil samples from 126 locations;  

 sediment and / or surface water samples from 144 locations; and  

 groundwater samples from 81 locations.  

In addition, 27 samples were taken at locations where residents nearby the BMA use water sourced from 

surface water bodies or groundwater bores, or at points of possible exposure.  

Samples were analysed by an independent laboratory (accredited by the National Association of Testing 

Authorities- NATA) for the presence and concentrations of PFAS.  

                                                      
1

 http://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-pfas-expert-panel.htm 
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What was found? 

The investigation provided an understanding of how PFAS may have moved and migrated, both on- and off-

base, and how people, plants and animals may be connected or exposed to it. Understanding of the PFAS 

source areas, where AFFF containing PFAS was used on the BMA was also established.  

Fifteen (15) potential source areas within the BMA were initially identified as locations where AFFF had either 

been used or disposed of. The sampling undertaken confirmed detectable PFAS levels in twelve (12) of these 

source areas.   

PFAS was found in surface water, groundwater and soil samples collected within and around the BMA.  

Results from the sampling programme suggests the main way that PFAS have moved off-base from South 

and North Bandiana is via surface water flow – via several drains, and unnamed creeks. PFAS have migrated 

in the surface water down Jack in the Box Creek towards Wodonga Creek, and via an unnamed creek 

towards the Kiewa River. PFAS migrating from the East Bandiana portion of the BMA, have moved both by 

surface water and groundwater. Both surface water and groundwater in this area flows towards the Kiewa 

River.  

What are the key outcomes? 

Within Australia, a tiered approach is used for the assessment of contaminated sites. The initial stage (Tier 1 

Screening Risk Assessment) involves comparing the concentration of a contaminant against a guidance 

value. For PFAS, the current guidance values are presented by the Heads of EPA Australia and New Zealand 

(HEPA) within the PFAS National Environmental Management Plan (January 2018).  

Concentrations below the guidance values are not considered to present a risk. If a concentration is above a 

guidance value, then Human Health and Ecological Risk Assessment and/or Risk Mitigation Measures may be 

required. A Human Health and Ecological Risk Assessment is used to confirm if an unacceptable risk exists, 

and if so, how significant that risk may be. Once the risks are further understood and technically evaluated, 

plans will be put in place to mitigate risks that are considered unacceptable. 

Potential Human Health Risks – On-base: 

Based on the sampling results within both the source areas and their surrounds on the BMA, and based on 

the way the land is used, the concentrations of PFAS in the soil are not considered to present a risk.  

Surface water across the BMA was identified as having PFAS concentrations above the guidance values. 

However, as people do not swim in or routinely interact with the surface water, exposure is limited and the 

water is unlikely to present a risk. However, it is important to ensure appropriate health and safety precautions 

are implemented when people on the base are involved in either maintenance activities, or involved in training 

activities which use and/ or involve surface water. 

Within localised areas across North and South Bandiana the groundwater was identified as having PFAS 

concentrations above the guidance values. However, as the water table is generally deep, and groundwater is 

not extracted, these impacts are not considered to present a risk. However, within an area localised around 

the Petroleum, Oils and Lubricants facility (Source Area 9) on South Bandiana and beneath East Bandiana, 

the groundwater is not as deep. Therefore, it is important to ensure appropriate health and safety precautions 

are implemented for construction and maintenance activities which may encounter groundwater in these 

areas. 

Due to the tendency for PFAS to accumulate within plants and animals, further investigation is required to 

assess if the PFAS identified on the base are accumulating in the sheep grazing on the base. The level of risk 

associated with this potentially complete pathway will be the subject of a Human Health Risk Assessment. 
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Potential Human Health Risks – Off-base: 

Water extracted from Wodonga Creek - including that by North East Water for the municipal town supply – is 

below drinking water guidance values.  As such, it is safe to continue to drink the municipal water supply. 

Based on outcomes of other studies conducted in Australia, concentrations of PFAS in water equivalent to the 

drinking water guidance values were considered safe to use for garden, poultry and stock watering. The 

Human Health Risk Assessment will provide the mechanism of validating these findings considering the site 

specific data collected. 

The soil, sediment and surface water PFAS concentrations along the majority of the Jack in the Box Creek 

(including along Arthur Dunstan Park), within Wodonga Creek, and within the main flowing channel of the 

Kiewa (where swimming and boating occur), were below the guidance values. Based on these current results 

collected in high flow conditions, it is safe to continue to swim in these areas. 

However, PFAS in surface water sampled in two specific locations within Jack in the Box Creek immediately 

downstream of the base, and in surface water and sediment in the oxbow lakes to the east of East Bandiana, 

were higher than the guidance values. The level of risk in these areas will be the subject of a Human Health 

Risk Assessment. 

Due to the tendency for PFAS to accumulate within plants and animals, further investigation is required to 

assess if the PFAS identified within the Jack in the Box Creek, Wodonga Creek and Kiewa River are 

accumulating in the food people are either growing or catching. The level of risk in these areas will be the 

subject of a Human Health Risk Assessment. 

Potential Ecological Risks: 

The concentrations of PFAS in soil, sediment and surface water, both on-base and off-base, were higher than 

the ecological screening values. It is worth noting that, due to the tendency for PFAS to accumulate in animals 

and magnify within ecological food chains, the ecological screening guidance values are very low. The level of 

risk to ecological receptors, such as fish and birds, will be the subject of an Ecological Risk Assessment. 

What are the next steps? 

The investigation findings have established a greater understanding of PFAS on and around the BMA, and 

identified that many of the potential PFAS exposure pathways do not present a risk to people both on and off 

the base. There is however, in specific areas as described above, the need to undertake further investigation 

to confirm if an unacceptable human health or ecological risks are present and what management / remedial 

measures need to be implemented.  

To investigate these risks, the next step that will be undertaken is a Human Health and Ecological Risk 

Assessment (HHERA) and the development of the PFAS Management Area Plan (PMAP). This process will 

commence in the second quarter of 2018. The HHERA will involve collecting samples of water, fish and other 

aquatic biota that people and animals may eat.  
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Executive Summary 
ES 1.0 Introduction 

Golder Associates Pty Ltd (Golder) has been engaged by the Department of Defence (Defence) to undertake 
a detailed site investigation (DSI) of the nature and extent of Per- and Poly-Fluoroalkyl Substances (PFAS) 
within and surrounding the Defence Bandiana Military Area (BMA), Victoria (Plate i). This DSI presents the 
results of the initial PFAS source identification stages, where an understanding of the location and intensity of 
historical AFFF usage was developed, and the results of the sampling works completed between October 
2017 and February 2018. 

PFAS are a class of manufactured chemicals that have been used since the 1950s, and due to their unique 
attributes being resistant to heat, stains, grease and water, they have been used widely. PFAS were used in 
aqueous film forming foams (AFFF), which are fire-fighting foams that have been used extensively worldwide, 
and within Australia, from about the 1970s by both civilian and military authorities. AFFFs were used 
extensively due to their effectiveness in extinguishing liquid fuel fires. Older formulations of AFFF contained a 
number of PFAS that are now known to be persistent in humans and the environment.  Historical activities at 
the BMA have involved the use of PFAS containing AFFF. 

In May 2018, the Australian Department of Health Expert Health Panel for Per- and Poly-Fluoroalkyl 

Substances (PFAS) released their report to the Minister2. The panels key finding as highlighted in their 

summary report was as follows: 

“Importantly, there is no current evidence that supports a large impact on a person’s health as a result of high 

levels of PFAS exposure. However, the Panel noted that even though the evidence for PFAS exposure and 

links to health effects is very weak and inconsistent, important health effects for individuals exposed to PFAS 

cannot be ruled out based on the current evidence.” 

Given, however, that PFAS continue to persist in humans and the environment, the Panel noted that exposure 

to them should be minimised. 

Defence has proactively initiated an investigation to identify the nature and extent of PFAS on and in the 
vicinity of the BMA where AFFF was historically used. Defence’s primary objective for the investigation at the 
BMA is to understand potential contamination risks on both Defence property and surrounding areas. The 
work is being done in consultation and communication with Federal and State government agencies as well as 
community residents and stakeholders. 

ES 2.0 Site Setting 

The BMA is located adjacent to the New South Wales (NSW)-Victorian border town of Wodonga, Victoria on 
approximately 650 hectares (ha) of land. The BMA is located approximately 3 kilometres from Wodonga town 
centre and 250 kilometres north-east of Melbourne. The BMA and surrounding land defined as the 
investigation area is presented below (Plate i).  

The BMA comprises the following bases: 

 Gaza Ridge Barracks (comprising and referred in this report as North Bandiana and South Bandiana). 

 Wadsworth Barracks (comprising and referred in this report as East Bandiana). 

 

                                                      
2

 http://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-pfas-expert-panel.htm 
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Plate i: Investigation Area 

There is a topographic divide that runs across the BMA in a general north - south direction. This divide 
separates the BMA into two catchments. West of the divide, the surface water and groundwater travels in a 
north-westerly direction, towards Wodonga Creek via Jack in the Box Creek. Wodonga Creek receives water 
from both Jack in the Box Creek and the Murray / Kiewa River. Wodonga Creek is the sole source of water for 
Wodonga and surrounding townships (extracted by North East Water). East of the divide, the surface water 
and groundwater travels in an easterly and north-easterly direction, towards the Kiewa River. The nature of 
the geology across the investigation area is complex and this likely impacts how water flows either above 
ground (as surface water) or as groundwater.  

Based on the site setting, there is potential for PFAS contamination to be transported off-base via either soil / 
sediment, surface water, groundwater or biota (e.g. fish) in either the Jack in the Box Creek catchment 
(i.e. areas west and north-west of the site), or the Kiewa River catchment (i.e. areas east of the site). 
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ES 3.0 Scope of Works 

The investigation was focused on the development of a robust Conceptual Site Model (CSM). The CSM 
describes the potential linkages between Sources, Pathways and Receptors (SPR) of PFAS contamination. 

The SPR linkages communicate the possible scenarios where receptors (i.e. humans or ecosystems) are 
potentially exposed to PFAS that have migrated via pathways from source areas on the BMA.  

The investigations included the following scope of works: 

 Water Use Survey (WUS) - a WUS was distributed via the post to 2161 properties to collect information 
about water supply and water use on the properties surrounding the BMA. Specific properties, such as 
those adjacent to the BMA or with licenced extraction bores were also approached via door knocking 
and / or direct mail (letter box drops). A total of 212 responses were received. 

 Source Area Assessment - areas where AFFF containing PFAS was used (or disposed) were identified 
on the BMA, through a review of available site records and by interviewing both current and retired site 
personnel. Fifteen potential source areas were identified on the BMA. 

 Environmental Sampling - the environmental sampling program was completed in accordance with an 
approved Sampling Analysis and Quality Plan (SAQP). An overview of the sampling locations3 are 
presented below (Plate ii) and included: 

▪ Soil sampling from a total of 126 locations both across the BMA and within surrounding areas. 

▪ Sediment and surface water sampling from 144 locations in drainage lines, creeks, rivers, ponds and 
lakes both within the BMA and within surrounding areas including the Kiewa River, Jack in Box 
Creek, Wodonga Creek and the Murray River. 

▪ Groundwater sampling from 81 groundwater monitoring wells. 

▪ Point of Use sampling at 27 specific points of water use or potential exposure. 

 Laboratory Analysis - All environmental soil samples were analysed by independent laboratories 
(Australian Laboratory Services (ALS) and Eurofins), accredited by the National Association of Testing 
Laboratories (NATA) for the analysis of 28 individual PFAS chemicals. 

 Interpretation and Reporting - the soil, sediment, surface water and groundwater field and analytical 
results were compared against applicable human health and ecological guidance values. These values 
are published by Australian government agencies including the Environment Protection Authority Victoria 
and provide concentrations of some PFAS chemicals above which there is the potential for there to be a 
higher risk to human or ecological health. Screening or comparing data against these values is called a 
Tier I assessment. Following these works, a CSM was then developed to understand the potential for 
human and ecological receptors to be exposed to unacceptable levels of PFAS sourced from the BMA. 
Based on this DSI, a Human Health and Ecological Risk Assessment is then used to confirm if an 
unacceptable risk exists, and if so, how significant that risk may be. Once the risks are further 
understood and technically evaluated, plans will be put in place to mitigate risks that are considered 
unacceptable. The results of the investigations and CSM are presented within this DSI Report. 

                                                      
3 Due to confidentially agreements, not all sampling locations are displayed 
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Plate ii: Sample Locations 

ES 4.0 Investigation Results  

ES 4.1 Source Areas 

The PFAS source assessment identified a total of 15 potential PFAS source areas across the BMA. These 
were areas of the site typically used for fire training activities, with selected areas also used for the waste 
disposal of AFFF products. The following areas were identified, and Plate vi provides an overview of their 
locations: 

 South Bandiana  
▪ Source Area 1 (SA1) – Petroleum Platoon – Former Fire Training Ground. 

▪ Source Area 2 (SA 2) – Base Fire Services (BFS) – Former Fire Training Ground. 

▪ Source Area 3 (SA 3) – Potential Disposal Burial Ground. 

▪ Source Area 4 (SA 4) – Former 25 m Firing Range. 

▪ Source Area 5 (SA 5) – Petroleum Platoon – Fuel Handling Facility. 

▪ Source Area 6 (SA 6) – Current Fire Training Area, Building 600. 

▪ Source Area 7 (SA 7) – Old Fire Station, Building 421. 

▪ Source Area 8 (SA 8) – Original Fire Station – Corner of Anderson Road and Donegon Road. 

▪ Source Area 9 (SA 9) – Petroleum, Oils and Lubricants (POL), Building 490. 

 North Bandiana 

▪ Source Area 10 (SA 10) – Former Unit Training Area, between Warehouse 1 and 2. 
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▪ Source Area 11 (SA 11) – Fire Extinguisher Disposal – Warehouse 13. 

▪ Source Area 12 (SA 12) – Armoured Vehicle Maintenance Training, Building 100.  

 East Bandiana 

▪ Source Area 13 (SA 13) – Fire Station – Current. 

▪ Source Area 14 (SA 14) – Former Unit Training, Building 592. 

▪ Source Area 15 (SA 15) – Former Unit Training, Football Field. 

In addition to the on-base potential source areas, the following were observed as notable potential off-base 
PFAS sources: 

 Albury Airport located approximately 8.3 km north of North Bandiana (on the northern bank of the Murray 
River). 

 The Wodonga Fire Station and the Country Fire Authority facility located approximately 2.7 km north-
west of South Bandiana. 

 The Wodonga West Fire Station located approximately 5.5 km north-west of South Bandiana. 

 The Wodonga Waste Water Treatment Facilities operated by North East Water, including the Baranduda 
Waste Water Treatment Plant (WWTP) located in close proximity to (and south of) East Bandiana. It is 
noted that North East Water has indicated that the Baranduda WWTP is a pre-treatment facility 
receivingwaste sewage from the BMA before subsequent transfer to the West Wodonga treatment plant. 

Since approximately the 1990s, Defence has divested several portions of the previous BMA property, 
including parcels of land to the west of South Bandiana and east of North Bandiana. The divested land to the 
west, included an area identified in previous investigations as being a former landfill (now part of a residential 
subdivision). Divested land to the east included the footprint of the former Bandiana sewage treatment plant 
(STP) (now a residential subdivision). Both of these areas were identified as potential off-base PFAS sources. 

ES 4.2 On-base Results  

The results of the sampling completed on-base are summarised within the following table (Table I). The table 
present an understanding of the scale of the investigation and the number of samples that exceeded 
screening guidance values for the protection of human health (Human Health Based Guidance Value - 
HBGV). 

Table I: Results Summary - BMA on Base 
Area Soil / Sediment Surface Water Groundwater Samples 

 

Total Samples > HBGV Total Samples > HBGV Total Samples > HBGV 

South Bandiana 

SA 1 29 1 1 1 7 2 

SA 2 17 4 1 0 2 0 

SA 3 8 0 0 0 0 0 

SA 4 4 0 0 0 0 0 
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Area Soil / Sediment Surface Water Groundwater Samples 

 

Total Samples > HBGV Total Samples > HBGV Total Samples > HBGV 

SA 5 29 1 5 5 9 0 

SA 6 23 0 1 1 5 0 

SA 7 16 0 0 0 3 2 

SA 8 6 0 0 0 1 0 

SA 9 0 0 0 0 4 1 

North Bandiana 

SA 10 10 0 0 0 1 0 

SA 11 11 0 1 1 1 0 

SA 12 8 0 0 0 1 1 

East Bandiana 

SA 13 20 0 0 0 5 5 

SA 14 11 0 0 0 5 5 

SA 15 8 0 0 0 1 1 

On-base Sensitive Receptors 

BPS 5 0 0 0 0 0 

BNH 3 0 0 0 0 0 

General Coverage Areas 

SB J in B 24 0 5 5 7 1 

SB KR 17 0 13 10 2 0 

NB KR 17 0 10 7 5 1 

EB KR 12 0 5 4 12 11 

SB BH 6 0 1 0 0 0 

Notes:  

HBGV – Human Health Base Guidance Value considered applicable to each area’s land use 

SA – Source Area 

BPS – Bandiana Primary School 

BNH – Bandiana Neighbourhood House 

SB J in B – South Bandiana, Jack in the Box Creek catchment (i.e. west of topographic divide) 

SB KR – South Bandiana, Kiewa River catchment (i.e. east of topographic divide) 

NB KR – North Bandiana, Kiewa River catchment 

EB KR – East Bandiana, Kiewa River catchment 

SB BH – South Bandiana, Bears Hill 
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ES 4.3 Off-base Results  

The results of the sampling completed on each of the off-base catchments are summarised within the 
following table (Table II). The table presents an indication of the scale of the investigation and the number of 
samples that exceeded screening guidance values for the protection of human health (Human Health Based 
Guidance Value - HBGV). 

Table II: Off Base Sample Summary 

Area Soil / Sediment Surface Water Groundwater Samples 

Total Samples > HBGV Total Samples > HBGV Total Samples > HBGV 

Off-base Investigations 

J in B 17 0 14 8 4 2 

WC 7 0 8 0 0 0 

LA SB 1 0 0 0 3 0 

LA NB 16 0 7 4 1 0 

KR 31 0 31 13 3 1 

MR 5 0 5 0 0 0 

Point of Use Investigations 

J in B 10 0 4 0 0 0 

KR 3 0 14 0 4 1 

Notes:  
HBGV – Human Health Base Guidance Value considered applicable to each area’s land use 

J in B – Jack in the Box Creek catchment  

WC – Wodonga Creek 

LA SB – Land Adjacent to South Bandiana, where the former tip is located 

LA NB – Land Adjacent to North Bandiana, where the former STP is located 

KR – Kiewa River 

MR – Murray River 
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ES 5.0 Conceptual Site Model 

Development of the CSM has involved consideration of historic site activities involving AFFF containing PFAS 
(identified as potential sources), and potential migration pathways and exposure routes within the investigation 
area. The CSM is presented in a graphical cross section (Plate iii). 

 
Plate iii: Conceptual Site Model 

ES 5.1 CSM Migration Pathways 

Based on the site setting, there is potential for PFAS contamination to migrate via soil / sediment, surface 
water, groundwater or biota in the Jack in the Box Creek catchment, or the Kiewa River catchment.  

The results of the investigations indicated the key CSM pathway for the migration of PFAS off South Bandiana 
and North Bandiana is via surface water. However, the key migration pathways of PFAS off the base on East 
Bandiana is likely a combination of surface water and groundwater. Surface water from South Bandiana and 
North Bandiana flows primarily into the Jack in the Box Creek and then the Wodonga Creek. Surface water 
and groundwater from East Bandiana flows towards the Kiewa River. 

Given the reported low PFAS levels in soils in off-base soils and sediments, wind and atmospheric dispersion 
of PFAS impacted soils and sediments is not significant pathway for the migration of PFAS from the site.  

ES 5.2 CSM Exposure Routes and Receptor Linkages  

The human health CSM source-pathway-receptor linkages for the Jack in the Box Creek catchment and the 
Kiewa River catchment are represented in the flow charts, presented below (Plate iv and Plate v). Some of 
these linkages are more certain than others – some are considered complete, and others are potentially 
complete (i.e. the exposure route is not confirmed). For those linkages that are complete, and PFAS 
concentrations exceed the adopted screening guidance values, there is potential for the PFAS to present an 
unacceptable risk. In these situations, either additional work will be completed to assess the significance of 
the potential risk through the Human Health and Ecological Risk Assessment and/or mitigation measures or 
controls will be introduced to remove or control the potential risk.  

The following receptor linkages were not considered to present a risk, as the exposure pathway was either 
incomplete, or the PFAS concentrations were below the guidance values: 
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 On base Human Health: 

▪ Based on the sampling results within both the source areas and their surrounds on the BMA, and 
based on the way the land is used, the concentrations of PFAS in the soil are not considered to 
present a risk. 

▪ On North and South Bandiana, groundwater beneath selected source areas was identified as having 
PFAS concentrations above the guidance values. However, the water table was generally deep, and 
groundwater is not extracted. Therefore, the exposure pathway was considered incomplete, and the 
PFAS in the deeper regional groundwater was not considered to present a risk. 

 Off base Human Health: 

▪ Water extracted from Wodonga Creek - including that by North East Water for the municipal town 
supply – is below drinking water guidance values.  As such, it is safe to continue to drink the 
municipal water supply. 

▪ Based on outcomes of other studies conducted in Australia, concentrations of PFAS in water 
equivalent to the drinking water guidance values were considered safe to use for garden, poultry and 
stock watering. The Human Health Risk Assessment will provide the mechanism of validating these 
findings considering the site specific data collected. 

The soil, sediment and surface water PFAS concentrations along the majority of the Jack in the Box Creek 
(including along Arthur Dunstan Park), within Wodonga Creek, and within the main flowing channel of the 
Kiewa (where swimming and boating occur), were below the guidance values and, based on these current 
results collected in high flow conditions, it is safe to continue to swim in these areas.  
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Plate iv: CSM Flow Chart Jack in the Box Creek Catchment 
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Plate v: CSM Flow Chart Kiewa River Catchment 
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ES 6.0 Areas of Concern and Future Actions 

ES 6.1 Potential Human Health Risks  

Table III provides a summary of Tier 1 exceedances, the relevant locations, exposure pathways and receptors 
requiring further assessment or the implementation of management measures. Plate vi provides a spatial 
illustration of the outcomes of the Tier 1 assessment identifying the areas of concern. 

The additional assessments will be completed through the upcoming Human Health and Ecological Risk 
Assessment (HHERA) process, or recognised as areas requiring monitoring or management within the 
subsequent PFAS Management Area Plan (PMAP).  

Table III: Tier 1 Human Health Exceedances 

Area of Concern Location Potential 

Exposure 

Pathway  

Potential 

Receptor 

Future Action 

On-base 

PFAS 
concentrations in 
surface water 
above recreational 
water guidance 
values. 

Various locations 
across the base. 

Ingestion of water, 
(incidental). 

On-base personnel 
involved in training 
and / or 
maintenance / 
construction 
workers.  

Apply appropriate 
health and safety 
controls during 
training / 
maintenance 
activities.  

PFAS 
concentrations in 
groundwater above 
recreational water 
guidance values.  

Perched 
groundwater within 
SA 9 (BH111), and 
shallow 
groundwater 
beneath East 
Bandiana. 
(refer to Plate vi – 
Areas A and B) 

Ingestion of water, 
(incidental). 

On-base workers – 
construction / 
maintenance when 
involved in 
excavation or 
construction 
activities which 
interact with 
impacted 
groundwater. 

Apply appropriate 
health and safety 
controls during 
maintenance / 
construction 
activities. 

Sheep grazing is 
occurring on 
selected areas of 
the base.  

North Bandiana 
and South 
Bandiana grazing 
areas.  
(refer to Plate vi – 
Areas C and D) 

Uptake of PFAS 
into biota and 
human exposure 
via consumption of 
biota. 

Farmers The level of risk will 
be the subject of a 
Human Health Risk 
Assessment. 

Off-base Jack in the Box Creek Catchment 

PFAS 
concentrations in 
surface water 
samples above the 

Two samples 
(SW424, SW463) 
collected from Jack 
in the Box Creek 
immediately  

Ingestion of water, 
(incidental). Uptake 
of PFAS from 
surface water into 
biota and human 

Recreational users. 
Workers – 
construction / 
gardeners / 
maintenance. 

The level of risk will 
be the subject of a 
Human Health Risk 
Assessment. 
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Area of Concern Location Potential 

Exposure 

Pathway  

Potential 

Receptor 

Future Action 

recreational water 
guidance values.  

downstream of the 
base. 
(refer to Plate vi – 
Areas E and F) 

exposure via 
consumption of 
biota. 

Off-base Kiewa River Catchment 

PFAS 
concentrations in 
surface water were 
above recreational 
and drinking water 
guidance values.  

PFAS 
concentrations in 
sediments were 
above the 
residential soil 
guidance values.  

Oxbow lakes to the 
east and north-east 
of East Bandiana, 
and unnamed 
creek to the east of 
North Bandiana. 

It is known that 
cattle graze in 
these areas and 
there is potential 
for collection of fish 
and yabbies from 
the oxbows and 
unnamed creek.  

Hunting of wild 
deer and duck has 
been identified in 
the DSI as 
occurring within the 
investigation area. 

(refer to Plate vi – 
Areas G) 

Uptake of PFAS 
from surface water 
and sediments into 
biota and human 
exposure via 
consumption of 
biota. 

Ingestion of water: 
(incidental). 

Residents 

Recreational users  

Workers – 
construction / 
gardener/ 
maintenance 
/farmers. 

The level of risk will 
be the subject of a 
Human Health Risk 
Assessment.  

ES 6.2 Potential Ecological Risks  

Concentrations of PFAS were above the adopted ecological screening guidance values for soil, sediment, and 
surface water both on-base and off-base Jack in the Box Creek and Kiewa River catchments. It is worth noting 
that, due to the tendency for PFAS to accumulate in animals and magnify within ecological food chains, the 
ecological screening guidance values are very low (i.e. close to the laboratory limit of reporting). The level of 
risk will be the subject of an Ecological Risk Assessment.  
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Plate vi: Source Areas and Key Areas of Concern 

ES 7.0 Conclusions 

The investigation findings have established a greater understanding of PFAS on and around the BMA, and the 
following are key conclusions:  

 Potential Human Health Risks – On-base: 

▪ Based on the sampling results within both the source areas and their surrounds on the BMA, and 
based on the way the land is used, the concentrations of PFAS in the soil are not considered to 
present a risk.  

▪ Surface water across the BMA was identified as having PFAS concentrations above the guidance 
values. However, as people do not swim in or routinely interact with the surface water, exposure is 
limited and the water is unlikely to present a risk.  However, it is important to ensure appropriate 
health and safety precuations, are implemented when people on the base are either involved in 
maintenance activities, or involved in training which use and/ or involve surface water. 

▪ Within localised areas across North and South Bandiana the groundwater was identified as having 
PFAS concentrations above the guidance values. However, as the water table is generally deep, and 
groundwater is not extracted on the base, these impacts are not considered to present a risk. 
However, within an area localised around the Petroleum, Oils and Lubricants facility (Source Area 9) 
on South Bandiana and beneath East Bandiana the groundwater is not as deepTherefore, it is 
important to ensure appropriate health and safety precautions are implemented for construction and 
maintenance activities which may encounter groundwater in these areas. 
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▪ Due to the tendency for PFAS to accumulate within plants and animals, further investigation is 
required to assess if the PFAS identified on the base are accumulating in the sheep grazing on the 
base. The level of associated with this potentially complete pathway will be the subject of a Human 
Health Risk Assessment. 

 Potential Human Health Risks – Off-base: 

▪ Water extracted from Wodonga Creek, including that by North East Water for the municipal town 
supply, is below drinking water guidance values.  As such, it is safe to continue to drink the municipal 
water supply. 

▪ Based on outcomes of other studies conducted in Australia, concentrations of PFAS in water 
equivalent to the drinking water guidance values were considered safe to use for garden, poultry and 
stock watering. The Human Health Risk Assessment will provide the mechanism of validating these 
findings considering the site specific data collected. 

▪ For recreational uses – the soil, sediment and surface water PFAS concentrations along the majority 
of the Jack in the Box Creek (including along Arthur Dunstan Park), within Wodonga Creek, and 
within the main flowing channel of the Kiewa (where swimming and boating occur), were below the 
guidance values. Based on these current results collected in high flow conditions, it is safe to 
continue to swim in these areas.  

▪ However, PFAS in surface water sampled in two specific locations within Jack in the Box Creek 
immediately downstream of the base, and in surface water and sediment in the oxbow lakes to the 
east of East Bandiana, were higher than the guidance values. The level of risk in these areas will be 
the subject of a Human Health Risk Assessment. 

▪ Due to the tendency for PFAS to accumulate within plants and animals, further investigation is 
required to assess if the PFAS identified within the Jack in the Box Creek, Wodonga Creek and 
Kiewa River are accumulating in the food people are either growing or catching. The level of risk in 
these areas will be the subject of a Human Health Risk Assessment. 

 Potential Ecological Risks: 

▪ The concentrations of PFAS in soil, sediment and surface water, both on-base and off-base in both 
the Jack in the Box Creek and Kiewa River catchments, were higher than the screening values used 
for identifying potential ecological risk. It is worth noting that, due to the tendency for PFAS to 
accumulate in animals and magnify within ecological food chains, the ecological screening guidance 
values are very low (i.e. close to the laboratory reporting limit). The level of risk will be the subject of 
an Ecological Risk Assessment. 

 What are the next steps? 

▪ The investigation findings have established a greater understanding of PFAS on and around the 
BMA, and identified that many of the potential PFAS exposure pathways do not present a risk to 
people both on and off the base. There is however, in specific areas as described above, the need to 
undertake further investigation to confirm if an unacceptable human health or ecological risks are 
present and what management / remedial measures need to be implemented.  

▪ To investigate these risks, the next step that will be undertaken is a Human Health and Ecological 
Risk Assessment (HHERA) and the development of the PFAS Management Area Plan (PMAP). This 
process will commence in the second quarter of 2018. The HHERA will involve collecting samples of 
water, fish and other aquatic biota that people and animals may eat.  
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