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Executive Summary
Background
The Australian Government Department of Defence (Defence) engaged AECOM Australia Pty Ltd
(AECOM) to undertake a detailed site investigation (DSI) focusing on the potential for contamination
by per- and poly-fluoroalkyl substances (PFAS) at the Wide Bay Training Area (WBTA, ‘the site’). The
site is located to the west of Tin Can Bay, approximately 50 km to the southeast of Maryborough and
175 km to the north of Brisbane.

Based on the findings of the preliminary site investigation (PSI) conducted between 2018 and 2019
(AECOM, 2019a), the DSI has established an Investigation Area, which includes the site and an off-
site area adjacent to the southwestern corner of the site that includes the residential settlement of
Wallu. Due to the size of the Investigation Area, reference is made in this report to the following areas:

· Camp Kerr, which is located in the southwestern corner of the site. This is further split into:

- Camp Kerr East, which includes the eastern portion of Camp Kerr

- Camp Kerr West, which includes the western portion of Camp Kerr

· greater WBTA, which refers to all areas at the site other than Camp Kerr

· off-site Investigation Area, which includes Wallu and adjacent areas.

Objectives
The key objective of the project was to understand potential contamination risks, both on the site and
the surrounding areas, resulting from historical aqueous film forming foam (AFFF) usage. The
objective of the sampling works presented in this DSI was to collect additional data to characterise
concentrations of PFAS and other chemicals of potential concern (COPC) (referred to herein as ‘non-
PFAS COPC’) originating from historical Defence activities in soil, groundwater, surface water and
sediment from within the Investigation Area. Specifically, primary objectives included:

1. Confirming that PFAS concentrations in groundwater from the on-site and off-site extraction
wells investigated do not exceed drinking water guideline values for PFAS.

2. Identifying, confirming and/or characterising the nature and migration of the potential PFAS
contamination both laterally and vertically to the extent necessary to understand the risk to
receptors in the Investigation Area.

3. Provide site-specific information collected during the investigation to Defence for retention in
their data management systems.

4. Identifying and providing initial characterisation of non-PFAS COPC in groundwater at selected
locations on the site.

5. Identifying the part of the aquifer used for groundwater extraction at the location of the two on-
site water supply bores at the water treatment plant in the western portion of Camp Kerr (Camp
Kerr West).

Investigation Scope
The DSI was completed between May and November 2019. The DSI scope of work was conducted to
address data gaps identified in the PSI, which was completed between 2018 and 2019 (AECOM,
2019a). The DSI scope of work was conducted in accordance with the sampling, analysis and quality
plan (AECOM, 2019b) and included the installation of eight new groundwater monitoring wells, the
collection of soil, groundwater, tap water, tank water, surface water and sediment samples with
laboratory analysis for PFAS and selected non-PFAS COPC, groundwater gauging and
hydrogeological testing, downhole geophysical surveying of on-site water supply bores, and
preparation of this interpretative report.
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Results
Downhole Geophysical Survey

The results of the downhole geophysical survey on the two on-site water supply bores located at the
water treatment plant at Camp Kerr West indicated the bores were 78.4 m (Bore 1) and 51.5 m
(Bore 2) deep. Bore 2 has slotted casing between 30 and 51.5 metres below ground surface (mbgs)
and Bore 1 has slotted casing in three separate sections between 18 and 78.4 mbgs. The design of
Bore 1 has the potential for cross-flow to occur between different sections of the aquifer or between
separate aquifers (if present) and creates a potential preferential vertical pathway for migration of
contamination from the shallow to deeper aquifer systems.

Land and Water Use Survey

A land and water use survey was distributed to residents within the off-site Investigation Area, in the
suburb of Wallu, in July 2019. Twenty responses were received from the 34 properties in the off-site
Investigation Area. Of the 20 responses, ten properties had bores, with three of these using the bore
water for drinking water purposes. Bore water at the ten individual properties has been used for a
range of household and outdoor purposes, including filling swimming pools and dams, crop irrigation,
watering food crops for human consumption and poultry watering.

Groundwater Flow

The inferred groundwater flow direction in May and June 2019 in the central and eastern portions of
the southern area of the site indicated the flow was from southwest to the northeast towards the coast.
A groundwater divide appears to be present in the Camp Kerr area in the southwestern corner of the
site. The inferred groundwater flow direction in Camp Kerr East was towards the east, while the
inferred groundwater flow direction in Camp Kerr West was towards the west, southwest or south.
Depth to groundwater in the Camp Kerr area is between approximately 8.0 and 14.0 mbgs. Depth to
groundwater decreases from west to east across the southern portion of the site, with depth to
groundwater at MW105, close to the eastern site boundary, at approximately 1.5 mbgs.

Soil Analytical Results

With one exception, none of the 18 soil samples collected from the near surface and the saturated
zone in the Camp Kerr area detected PFAS compounds above the limit of reporting (LOR). One
sample had a concentration of perfluorooctanesulfonic acid (PFOS) close to the laboratory limit of
reporting (BH017_0.1m, 0.6 µg/kg). None of the soil concentrations exceeded the National
Environmental Management Plan (NEMP) (Heads of Environmental Protection Agencies [HEPA],
2018) human health or ecological guideline values for PFAS.

Groundwater PFAS Analytical Results- Camp Kerr East (On-site)

Elevated PFAS concentrations in groundwater exceeding the NEMP (HEPA, 2018) drinking water
guideline value for sum of perfluorohexanesulfonic acid (PFHxS) and PFOS were detected in
monitoring wells (MB2.1 and MB3.1) located in the vicinity of the caretaker’s residence in the eastern
portion of Camp Kerr. Groundwater samples collected from wells in caretaker’s residence area
recorded the highest PFAS groundwater concentrations at the site, 0.19 µg/L (sum of PFHxS and
PFOS).

The DSI has characterised the lateral extent of PFAS (i.e. sum of PFHxS and PFOS) in groundwater
in the caretaker’s residence area. Groundwater samples from a monitoring well hydraulically down-
gradient of MB2.1 (100 m to the to the northeast) reported PFAS concentrations close to laboratory
LOR, indicating the elevated PFAS concentrations in this area are localised. PFAS (sum of PFHxS
and PFOS, and perfluorooctanoic acid [PFOA]) concentrations in off-site monitoring wells to the south
do not exceed human health drinking water or recreational guideline values. Evaluation of
groundwater trends between 2017 and 2019 indicates a decreasing trend in sum of PFHxS and PFOS
concentrations since 2017, however, this is noted to be based on limited data and further monitoring
would be required to confirm this decreasing trend. It has been speculated that the elevated PFAS
concentrations in monitoring wells MB2.1 and MB3.1 may be associated with a localised historical
source, for example, the use of fire extinguishers, in the caretaker’s residence area.
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Groundwater PFAS Analytical Results- Camp Kerr West (On-site)

PFAS was detected in groundwater in the western portion of Camp Kerr in the two water supply bores
in the vicinity of the water treatment plant (WTP) (WS01 and WS05) and three monitoring wells in the
central and southern portion of Camp Kerr (MW115, MW118 and MW119). There were no
exceedances of the NEMP guideline values for drinking water and recreational water for sum of
PFHxS and PFOS, and PFOA. The highest sum of PFHxS and PFOS concentrations were reported in
WS01/POT001 (0.022 µg/L) and MW119 (0.011 µg/L). PFOS was not detected in either of the water
supply bores, however four other PFAS compounds were detected (PFHxS, perfluorobutane sulfonic
acid (PFBS), perfluorohexanoic acid (PFHxA) and 6:2 fluorotelomer sulfonic acid). The PFAS
compounds present in the water supply bores were noted to be different to the PFAS composition of
groundwater in the Camp Kerr East area, suggesting a different source of PFAS.

Groundwater PFAS Analytical Results- Off-site Investigation Area

With one exception, sum of PFHxS and PFOS was not detected above the laboratory LOR in the ten
monitoring wells and residential bores hydraulically down-gradient and to the west of the western
portion of Camp Kerr (in Wallu). One location (GW06) recorded a concentration close to the LOR
(0.0006 µg/L). The extent of PFAS in groundwater in the western portion of Camp Kerr has been
established in most directions, with a data gap identified for beyond the southern site boundary in the
western part of Camp Kerr.

Groundwater PFAS Analytical Results- Greater WBTA (On-site)

Consistent with the results of the PSI (AECOM 2019a), PFAS was not detected in groundwater
samples from bores at other locations across the southern portion of the site, which targeted landfilling
areas, the airfield where refuelling activities occurred and where groundwater may discharge to
surface water. This indicates PFAS source areas are unlikely to be present in these areas targeted by
the investigation.

Groundwater Non-PFAS Analytical Results

Metals (aluminium, chromium, copper and zinc) have been detected in excess of the National
Environment Protection (Assessment Of Site Contamination) Measure 1999, as amended 2013 (ASC
NEPM) (2013) ecological guidelines in groundwater samples collected from near the petrol, oils and
lubricants refuelling point (MW115, MW101 and MW102 located in the western portion of Camp Kerr)
and in samples located hydraulically down-gradient of the multi user firing point (MW109 and MW110)
in the southeastern portion of the site. The presence of these metals in groundwater may reflect
localised historical activities and operations on-site, or alternatively, may be associated with natural
background levels, however, there is insufficient information at this time to evaluate this possibility.
With the exception of toluene, petroleum hydrocarbons were not detected in the samples analysed.
Toluene was reported in five out of the nine samples analysed, and the reason for the detection of this
compound is not known. There were no exceedances of the human health or ecological guideline
values for petroleum hydrocarbon compounds.

Surface Water PFAS Analytical Results

The surface water sampling included 11 creek locations on-site, three on-site locations associated with
drainage features, one waterway location off-site and five off-site dam sampling locations. PFAS was
detected in all three surface water samples collected from drainage features on-site with the highest
concentration detected at the ponded water sampling location (SW19) along the western perimeter
track, with 0.116 µg/L sum of PFHxS and PFOS and 0.05 µg/L PFOS detected. The detection of PFAS
in the ponded water at SW19 indicates the potential presence of an overland flow pathway for the
migration of PFAS from Camp Kerr to the western site boundary. PFOS was detected in water
samples from three residential dams and a waterway in Wallu that are close to the western boundary
of the site with a similar PFOS concentration range detected (0.001 to 0.005 µg/L). The concentrations
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exceeded the NEMP (HEPA, 2018) ecological guideline for 99% freshwater species protection1. The
similarity of the types of PFAS compounds detected in surface water samples from on-site drainage
features and off-site dams was noted, which provides an additional line of evidence for the presence of
an overland pathway from the site to Wallu.

The exact drainage flow pathway through the vegetated slope in the western portion of Camp Kerr is
uncertain and is a data gap. One possible source area could be the vehicle wash point with historical
washing of liquids containing PFAS to ground followed by leaching to surface water. An alternative
source is the area used for as a fire extinguisher demonstration area, located to the north of Camp
Kerr (at MW111). Further characterisation of drainage channel routes and surface water and sediment
quality would be required to understand the nature and extent of PFAS contamination associated with
this pathway.

Three surface water samples from Kangaroo and Snapper Creeks in the southern portion of the site
reported detectable concentrations of PFOS, between 0.0005 and 0.0015 µg/L which exceeded the
NEMP (HEPA, 2018) ecological guideline for freshwater 99% species protection. The magnitude of
these concentrations may indicate the potential for relatively minor source(s) of PFAS in the eastern
portion of the site. PFOS was not detected in two sampling locations within the Ramsar area at Kauri
and Snapper Creeks, however, PFOS was detected at a concentration equal to the LOR (and
exceeding the ecological guideline value for freshwater 99% species protection) at a sampling location
600 m upstream of the Ramsar area. This indicates the potential for PFAS to enter the Ramsar from
the base. The presence of potential off-site PFAS sources near Tin Can Bay including the waste
transfer station, sewage treatment works and fire station, which are located to the east of the eastern
site boundary are considered to have the potential to contribute PFAS to the environment in the
estuarine Snapper Creek system and the Ramsar area.

Assessment of Human Health and Ecological Risks

Assessment of the potential risk to human health indicated that none of the on-site or off-site
groundwater samples collected from extraction wells reported PFAS concentrations in excess of
NEMP (HEPA, 2018) guideline values for drinking water. In addition, all groundwater and surface
water PFAS concentrations were below National Health Medical Research Council (NHMRC, 2019)
guideline values for recreational water. As PFAS concentrations in groundwater samples from
extraction wells have not exceeded NEMP human health guideline values, this indicates human health
risks are acceptably low.

The potential for human exposure to PFAS via the consumption of fish from Snapper Creek is
considered to be low, due to the low contribution of PFAS from WBTA to Snapper Creek.  Fish tissue
sampling would be confounded by PFAS from other sources and not accurately represent the risk of
PFAS exposure associated with WBTA sources.

Assessment of the potential risk to aquatic ecosystems from the PFAS concentrations reported in the
surface water samples has identified exceedance of the current NEMP (HEPA, 2018) ecological
guideline values for PFOS for fresh/marine water 99% species protection. Where exceedances of the
HEPA (2018) guidance values are reported, this does not necessarily indicate an unacceptable or
significant risk to aquatic ecology. AECOM understands that the HEPA (2018) guidance values are
currently subject to revision which will include adoption of the updated Australian and New Zealand
Guidelines (2018) methodology for deriving water quality guidelines, and inclusion of data from studies
that have been more recently reported in the scientific literature.

1 The 99% species protection level is considered applicable to the site due to the presence of sensitive environments adjacent
and nearby such as Tin Can Inlet, Snapper Creek, Kauri Creek and Kangaroo Creek. The State Fish Habitat Reserve boundary
is approximately 250 m from the site boundary. To the east of the site is part of the Great Sandy Strait Marine Park and Ramsar
Wetlands. The water quality guidelines advise that the 99% level of species protection be used for chemicals that bioaccumulate
and biomagnify in wildlife (i.e. PFAS) when assessing ‘slightly to moderately disturbed’ systems where local data are lacking on
bioaccumulation effects.
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Conclusions
This DSI has addressed the objectives of the project and improved the understanding of potential
contamination risks, both on the site and the surrounding areas, resulting from historical AFFF usage.
The key conclusions of the investigation with respect to the primary objectives are as follows:

· The DSI has identified that groundwater is extracted by off-property stakeholders in Wallu for
drinking water and other domestic purposes. As PFAS concentrations (sum of PFHxS and PFOS
and PFOA) in groundwater samples collected from bores on residential properties have not
exceeded NEMP (2018) human health guideline values for drinking water, the risk to human
health is considered low and acceptable.

· The DSI has characterised the nature and extent of PFAS in groundwater in the Investigation
Area. Sum of PFHxS and PFOS concentrations in groundwater exceeded the drinking water
guidelines in the Camp Kerr East area, however, an exposure pathway is not present as no
groundwater extraction occurs in this area. The local extent of PFAS in groundwater has been
characterised in all directions. In Camp Kerr West, the local extent of PFAS in groundwater has
been characterised. The non-detection of PFAS in nine out of ten samples collected from off-site
monitoring wells and residential bores in Wallu that are hydraulically down-gradient and to the
west of Camp Kerr indicates a low potential for off-site migration of PFAS via a groundwater
pathway between the site and groundwater users in Wallu. PFAS was not detected in groundwater
samples from bores at other locations across the southern portion of the Investigation Area,
indicating source areas of PFAS are unlikely to be present in these areas targeted by the
investigation.

· The DSI has characterised the nature and extent of PFAS in surface water in the Investigation
Area. The detection of PFAS with similar compositions in surface water features in the Camp Kerr
and Wallu area, indicates the potential for an overland flow pathway for PFAS in surface water on-
site to migrate to surface water features in Wallu. Due to the exceedance of the NEMP (2018)
99% freshwater species protection guideline value, the potential for off-site ecological risks cannot
currently be discounted and further assessment of the exposure pathways is required.

· Some metals (aluminium, chromium, copper and zinc) have been detected in excess of the ASC
NEPM (2013) ecological guidelines in groundwater samples which may either reflect historical
activities and operations on-site or natural background levels. There were no exceedances of the
human health or ecological guideline values for petroleum hydrocarbons or organic compounds
indicating there are no unacceptable risks from these compounds at the locations investigated.

· The depths of the two on-site water supply bores has been identified. The design of Bore 1 has
the potential to provide a vertical pathway for the migration of contamination from the shallow to
deeper aquifer systems.

Based on these key findings, PFAS focused conceptual site model (CSM) has been updated and is
summarised in Table ES1 below.
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Table ES1 Summary of Conceptual Site Model

Source Pathway Receptor Likelihood of linkage
being complete

PFAS in soil General site training activities Site workers and
visitors, intrusive
maintenance workers

Unlikely

Uptake and bioaccumulation in
plants and terrestrial biota

Terrestrial ecosystem Unlikely

PFAS in
groundwater

Groundwater transport in
aquifer followed by extraction

Site workers and visitors Possible, further
monitoring is required

Groundwater transport in
aquifer followed by extraction
for recreational and domestic
uses and irrigation

Residents Unlikely

PFAS in
surface water
(creek water,
dam water,
sea water)

Surface water transport on and
off-Site into various on-site
creeks, off-site dams and Tin
Can Bay

Site workers and visitors Unlikely

Off-site recreational user

Off-site recreational user

Off-site resident /
recreational user

Uptake and bioaccumulation in
aquatic biota

On-site freshwater
aquatic ecosystem

Unlikely

Off-site freshwater
aquatic ecosystem

Possible, further
monitoring is required

Off-site marine aquatic
ecosystem

Unlikely

Uptake and bioaccumulation in
aquatic biota

Off-site residents Unlikely

Accumulation
of PFAS in
creek /
marine
sediment

Incidental exposure during
recreational / training activities

Site workers and visitors Unlikely

Bioaccumulation in aquatic
biota

Freshwater aquatic
ecosystem

Marine aquatic
ecosystem

Off-site residents

Based on the CSM, identified data gaps in the conceptual understanding of contaminant migration at
the site include the following:

· source areas for surface water PFAS detections at Camp Kerr and off-site surface water bodies

· source areas for the groundwater PFAS detections at Camp Kerr

· localised overland flow pathways in the western portion of Camp Kerr

· trends in PFAS groundwater quality at Camp Kerr

· potential risks to off-site ecological receptors.



AECOM

AECOM Australia Pty Ltd
Level 8
540 Wickham Street
PO Box 1307
Fortitude Valley QLD 4006
Australia
T +61 7 3553 2000
F +61 7 3553 2050
www.aecom.com
ABN 46 000 691 690


	9431 100919 COORDS.docx
	9431 241019 COORDS.docx
	MW112 Falling Bower
	MW112 Falling Cooper
	MW112 Rising Bower
	MW112 Rising Cooper
	MW116 Falling bower
	MW116 Falling cooper
	MW116 Rising bower
	MW116 Rising cooper
	MW118 Falling bower
	MW118 Falling cooper
	MW118 Rising bower
	MW118 Rising cooper
	MW119 Falling bower
	MW119 Falling cooper
	MW119 Rising bower
	MW119 Rising cooper
	1 MW Low Flow Sampling Sheets-may
	2 Sampling sheet GW02 august
	3 GW sampling sheet sept
	4  Gw sampling sheet october
	5 residential sampling sheet sept
	6 Sediment Sample-may
	7 sediment sampling sheet sept
	8 Surface water Sampling Sheets-may
	9 Tap_WTP_STP_Bore Sampling Sheets-may
	10 well development sheets sept
	11 slug test records sept
	12 cal certs may
	13 Calibration cert august
	14 cal cert sept
	1. EB1913917_COC (1)
	2. EB1913917_1_SRN_200131083857
	3. EB1913917_1_COA
	4. EB1913917_1_QC
	5. EB1913917_1_QCI
	6. EB1914500_COC (1)
	7. EB1914500_1_SRN_200131084206
	8. EB1914500_1_COA
	9. EB1914500_1_QC
	10. EB1914500_1_QCI
	11. EB1914877_COC (1)
	12. EB1914877_1_SRN_200131084419
	13. EB1914877_1_COA
	14. EB1914877_1_QC
	15. EB1914877_1_QCI
	16. EB1921486_COC (1)
	17. EB1921486_2_SRN_200131084729
	18. EB1921486_2_COA_AA
	19. EB1921486_2_COA_AB
	20. EB1921486_2_COA_AC
	21. EB1921486_2_QC_AA
	22. EB1921486_2_QC_AB
	23. EB1921486_2_QC_AC
	24. EB1921486_2_QCI
	25. EB1923551_COC
	26. EB1923551_4_SRN_191118154601
	27. EB1923551_3_COA
	28. EB1923551_3_QC
	29. EB1923551_3_QCI
	30. EB1924153_COC (1)
	31. EB1924153_1_SRN_200131085040
	32. EB1924153_1_COA
	33. EB1924153_1_QC
	34. EB1924153_1_QCI
	35. EB1924154_COC (1)
	36. EB1924154_1_SRN_200131085409
	37. EB1924154_1_COA
	38. EB1924154_1_QC
	39. EB1924154_1_QCI
	40. EB1924162_COC (1)
	41. EB1924162_1_SRN_200131085620
	42. EB1924162_1_COA
	43. EB1924162_1_QC
	44. EB1924162_1_QCI
	45. EB1924163_COC (1)
	46. EB1924163_1_SRN_200131085830
	47. EB1924163_1_COA
	48. EB1924163_1_QC
	49. EB1924163_1_QCI
	50. EB1924164_COC (1)
	51. EB1924164_1_SRN_200131090024
	52. EB1924164_1_COA
	53. EB1924164_1_QC
	54. EB1924164_1_QCI
	56. EB1925721_COC
	57. EB1925721_0_SRN_190927223017
	58. EB1925721_0_COA
	59. EB1925721_0_QC
	60. EB1925721_0_QCI
	61. EB1926239_COC
	62. EB1926239_0_SRN_191003172954
	63. EB1926239_0_COA
	64. EB1926239_0_QC
	65. EB1926239_0_QCI
	66. EB1926515_COC
	67. EB1926515_0_SRN_191008153739
	68. EB1926515_0_COA
	69. EB1926515_0_QC
	70. EB1926515_0_QCI
	71. EB1928343_COC (1)
	72. EB1928343_1_SRN_200131090232
	73. EB1928343_1_COA
	74. EB1928343_1_QC
	75. EB1928343_1_QCI
	76. ES1926573_COC
	77. ES1926573_0_SRN_190821144124
	78. ES1926573_0_COA
	79. ES1926573_0_QC
	80. ES1926573_0_QCI
	81. AECO06_190604_coc
	82. AECO06_190604_srn
	83. RN1235762
	84. AECO06_190604 Liquid LCMS QA
	85. AECO06_190607_coc
	86. AECO06_190607_srn
	87. RN1235906
	88. AECO06_190607 Liquid LCMS QA
	89. AECO06_190909_coc
	90. AECO06_190909_srn
	91. RN1246592
	92. RN1252595
	94. AECO06_190909 N19_22792 solid PFAS QA
	95. AECO06_190909_solid_LCMS QA
	96. AECO06_190919_coc
	97. AECO06_190919_srn
	98. RN1247904
	99. AECO06_190919 Liquid LCMS QA
	100. AECO06_191028_1_coc
	101. AECO06_191028_1_srn
	102. RN1251547
	103. AECO06_191028_1 Liquid PFAS LL QA
	60580555 F1 Site Location_Optimized
	60580555 F2 Investigation Area_Optimized
	60580555 F3 Site Features_Optimized
	60580555 F3A_SiteFeatures_CampKerr
	60580555 F4 Topography_Optimized
	60580555 F5 Sample Locations (Greater WBTA)_Optimized
	60580555 F6 Sampling Locations (Camp Kerr)_Optimized
	60580555 F7 Inferred Groundwater Contours (Greater WBTA)_Optimized
	60580555 F8 Inferred Groundwater Contours (Camp Kerr)_Optimized
	60580555 F9 Soil PFAS Analytitical Results (Camp Kerr)_Optimized
	60580555 F10 Surface Water PFAS Analytical Results (Camp Kerr)_Optimized
	60580555 F11 Surface Water PFAS Analytical Results (Greater WBTA)_Optimized
	60580555 F12 Groundwater PFAS Analytical Results (Greater WBTA)_Optimized
	60580555 F13 Groundwater PFAS Analytical Results (Camp Kerr)_Optimized
	60580555 F14 Sum of PFHxS and PFOS in Groundwater and Surface Water 2019_Optimized
	60580555 F15A PFAS Conceptual Site Model - Camp Kerr_Optimized
	60580555 F15B PFAS Conceptual Site Model - Southern Portion of WBTA_Optimized

