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Executive summary 
Introduction 

Department of Defence (Defence) engaged GHD Pty Ltd (GHD) to undertake a detailed site 
investigation (DSI) of contamination associated with the historical use of aqueous film 
forming foam (AFFF) containing perfluoroalkyl and polyfluoroalkyl substances (PFAS) at 
Jervis Bay Range Facility (JBRF) and Her Majesty’s Australian Ship Creswell 
(HMAS Creswell). 

The DSI has included both onsite and offsite areas. JBRF and HMAS Creswell are referred 
to collectively as ‘the site’, while ‘the Investigation Area’ is defined as comprising the site 
plus a number of surrounding areas. The DSI is a comprehensive investigation of the 
nature, distribution and transport of PFAS within the Investigation Area to inform a risk 
assessment and any subsequent contamination management requirements. 

Background 

PFAS is a group of manufactured chemicals with unique surface properties used in 
products that resist heat, oil, stains and water. These compounds have been used in 
Australia and around the world in many common household products and specialty 
applications. Legacy firefighting foams containing perfluorooctane sulfonate (PFOS) and 
perfluorooctanoic acid (PFOA) as active ingredients were once used extensively worldwide 
and within Australia, including at Defence bases, due to their effectiveness in fighting liquid 
fuel fires. 

From 2004, Defence commenced phasing out its use of legacy AFFF containing PFOS and 
PFOA as active ingredients. Further, Defence has also made changes to the way it uses 
AFFF to ensure that the risk of releasing AFFF into the environment is minimised. 

PFAS may persist in the environment for many years after its release, and is commonly 
found in areas where fire-training activities involving the use of AFFF have occurred. This 
has prompted Defence to initiate an environmental investigation into the nature and extent 
of PFAS on and within surrounding areas of JBRF and HMAS Creswell. 

Objective and context 

The objective of this DSI was to assess the nature and extent of PFAS (as a result of 
Defence use of legacy AFFF) within the Investigation Area through a comprehensive 
program of testing to understand the key PFAS contamination sources, pathways and 
receptors. 

The scope and methodology for the DSI are based on the findings and recommendations of 
a Preliminary Site Investigation (PSI) and other supporting studies. Its outcomes will inform 
a human health risk assessment (HHRA) and ecological risk assessment (ERA), which will 
collectively provide information to assist in evaluating contamination management and 
remediation options if required. 
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Scope 

The DSI was conducted in accordance with the National Environment Protection (Assessment 
of Site Contamination) Amendment Measure (‘the NEPM’). It broadly comprised: 

 An extensive program of sampling and analysis of environmental media and biota from 
across the Investigation Area. 

 Use of interpretive methods including empirical calculations and numerical modelling to 
understand the distribution and movement of PFAS contamination. 

 Refinement of a conceptual side model (CSM) to form a qualitative understanding of the 
contamination risk as a basis for the HHRA and ERA. 

Site setting 

The PSI identified the potential sources, pathways and receptors of PFAS contamination 
within the investigation area. The following is a summary of the key information from the 
PSI informing the scope and context of the DSI: 

 The JBRF airfield is host to a number of PFAS contamination sources arising from the 
historical use of AFFF. Its location at the top of the catchment on the ridgeline of the 
Bherwerre Peninsula makes the catchments to the north and south vulnerable to any 
contaminated runoff from these areas. 

 There is a shallow groundwater system on the plateau recharged by rainfall before 
discharging to surface wetland systems. The wetland systems connect to surface water 
drainage flowing off the plateau into incised valley systems and to the coast (both to the 
north or south). Discharge may also occur as seeps or stream discharge in the upper 
catchment where this aquifer is truncated on the edges of the plateau. 

 HMAS Creswell is located immediately north of JBRF. It is vulnerable to contamination 
arising from JBRF through surface water and groundwater flow and via the sewer network, 
as well as from other onsite sources. The use of treated effluent for irrigation at HMAS 
Creswell is a mechanism to disperse contamination. 

 Reticulated water for the Jervis Bay Territory (JBT) is supplied by the Jervis Bay Water 
Treatment Plant which sources raw water from Lake Windermere. There is also occasional 
consumption of surface water from streams within the Investigation Area as well as contact 
through swimming. There are no licenced groundwater wells within the Investigation Area 
and no evidence that groundwater is abstracted for potable or other use. 

 Booderee is home to the Koori people of Wreck Bay. The Wreck Bay settlement is located 
within the catchment to the south of JBRF. It receives runoff from JBRF via Mary Creek and 
other tributaries. It was established through Koori initiatives in the early 1900s and was 
favoured because of strong traditional and cultural ties and its closeness to both the bush 
and the sea for the collection of food and other resources. These ongoing values and 
practices remain highly relevant today. 

 Recreational fishing is permitted within designated general-purpose zones of the Jervis Bay 
Marine Park. The area is a popular recreational fishing destination with a diverse range of 
species caught and consumed by local and visiting anglers. A number of licenced 
commercial net and line fishing operations also occur within the Investigation Area. 

 The terrestrial ecology of the Investigation Area comprises predominantly open forest and 
woodland at HMAS Creswell and dry heath scrubland at JBRF. Remaining areas include 
wet heath/sedgeland, ponds, wetlands, and maintained areas. 
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Outcomes of the DSI 

Through a comprehensive sampling and analysis program comprising 286 soil, 15 concrete, 
133 sediment, 153 surface water, 76 groundwater and 831 biota samples, and a detailed 
evaluation of the contamination sources, pathways and receptors, the DSI has found that: 

 Sources of PFAS contamination within the Investigation Area are related to legacy use of 
AFFF at JBRF and to a lesser extent its legacy storage and use at HMAS Creswell. Primary 
PFAS source areas at JBRF and HMAS Creswell – denoted herein as Areas of 
Environmental Concern (AEC) – are: 

– AEC A (Defence Contaminated Sites Register) [CSR] - CSR_ACT_000108 - JBRF 
Royal Australian Navy School of Survivability and Ship Safety (RAN SSSS) 

– AEC C – JBRF former fire training area, now the site of the parachute training school 
– AEC F (CSR_ACT_000101) – HMAS Creswell fire station 
With secondary source areas: 
– AEC B (CSR_ACT_000109) – JBRF area south west of RAN SSSS within the 

headwaters of Mary Creek 
– AEC E (CSR_ACT_000106) – HMAS Creswell former golf course, irrigated using 

treated effluent 
– AEC G (CSR_ACT_000118 and CSR_ACT_000115) – HMAS Creswell Sewage 

Treatment Plant 
 The DSI has confirmed that PFAS is moving offsite from JBRF and HMAS Creswell through 

groundwater, surface water runoff and via the sewer network. It has been found in a 
number of local water bodies and biota.   

 While not detected in the JBT reticulated water supply, very low concentrations of PFAS 
(approximately 40 times below the health based guidance value for drinking water) are 
present in Lake Windermere from which the water supply is drawn. The very low levels 
detected in the untreated water do not pose an unacceptable risk to residents of JBT. 

 The greatest amount of PFAS discharging from the site to the environment is via Mary 
Creek (principally from AEC A) with lesser amounts of PFAS migrating from AEC A to and 
then along Captains Creek and Flat Rock Creek. 

 The sewer network was confirmed to be a pathway for PFAS to migrate from JBRF, 
primarily from interaction with shallow groundwater, to HMAS Creswell via the Sewage 
Treatment Plant.  Treated water containing PFAS is subsequently used to irrigate areas 
such as the golf course and the Quarterdeck at HMAS Creswell. 

Through a comprehensive assessment of the potential PFAS exposure pathways, and 
comparison of the results of the sampling and analysis program to published investigation 
levels, the following receptors have been identified as having a potentially increased risk of 
exposure: 

 Base Personnel (including intrusive workers) via: 

– Direct contact with PFAS impacted surface water and sediment when working within 
drainage channels at JBRF (AEC A and B and at the headwaters of Captains Lagoon) 
and HMAS Creswell (AEC F and AEC G) 

– Direct contact with shallow groundwater when undertaking intrusive works within JBRF 
(AEC A and C) and HMAS Creswell (AEC E and F) 

 Jervis Bay Village residents (including school children) via consumption of lilly pilly fruit 
sourced from the school 
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 Wreck Bay Village residents via: 

– Incidental and deliberate ingestion of sediment and surface water (particularly in Mary 
Creek and unnamed pools south of JBRF) 

– Consumption of lilly pilly fruit sourced from the school 
– Use of mosses for medicinal purposes 
– Consumption of terrestrial biota (considered here for cultural reasons) 
– Consumption of aquatic biota from Mary Creek and Summercloud Creek 

 Recreational users of Booderee National Park (BNP) via: 

– Consumption of aquatic biota from Flat Rock Creek and Captains Lagoon 
 Terrestrial organisms via: 

– Direct contact with soil onsite at JBRF (AECs A, B and C) and HMAS Creswell 
(AEC E) 

– Bioaccumulation in the food chain onsite (JBRF and HMAS Creswell) and offsite 
(surrounds of Mary Creek, Summercloud Creek, Lake McKenzie and Captains Lagoon) 

 Aquatic organisms via: 

– Direct contact with surface water and sediment in Captains Lagoon, Flat Rock Creek 
and Mary Creek 

– Bioaccumulation in the food chain onsite (JBRF and HMAS Creswell) and offsite (Mary 
Creek, Summercloud Creek, Lake McKenzie, Flat Rock Creek and Captains Lagoon). 

The human health risk assessment (HHRA) and ecological risk assessment (ERA) will 
quantitatively evaluate these risks. 

The CSM and fate and transport evaluation (incorporating groundwater modelling and stream 
flow monitoring) have identified AECs A, C, and F as the key source areas potentially requiring 
management to mitigate PFAS release to the environment. The sewer network has also been 
identified as a contributor to PFAS release.  

The key sources, pathways and receptors of PFAS arising from Defence use of legacy AFFF 
have been identified within the Investigation Area. The risk to receptors from PFAS will be 
evaluated through a HHRA and ERA. It is expected that controlling PFAS release from 
contaminated site media (predominately soil and concrete) from AECs A, C, and F, and its 
subsequent transport through surface water, will be a key part of any future PFAS 
contamination management plan with prioritisation guided by the results of the risk 
assessments. 

This report is subject to, and must be read in conjunction with, the limitations set out in 
Section 1.6 and the assumptions and qualifications contained throughout the Report. 
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1. Introduction 
Department of Defence (Defence) engaged GHD Pty Ltd (GHD) to undertake a detailed site 
investigation (DSI) of contamination associated with the historical use of aqueous film forming 
foam (AFFF) containing perfluoroalkyl and polyfluoroalkyl substances (PFAS) at Jervis Bay 
Range Facility (JBRF) and Her Majesty’s Australian Ship Creswell (HMAS Creswell). 

The DSI has included both onsite and offsite areas. JBRF and HMAS Creswell are referred to 
collectively as ‘the site’, while ‘the Investigation Area’ is defined as comprising the site plus a 
number of surrounding areas as shown on Figure 1-1. 

The DSI is a comprehensive investigation of the nature, distribution and transport of PFAS 
within the Investigation Area to inform a risk assessment and any subsequent contamination 
management requirements. 

1.1 Background 

PFAS is a class of manufactured chemicals with unique surface properties used in products that 
resist heat, oil, stains and water. These compounds have been used in Australia and around the 
world in many common household products and specialty applications. Their unique physical 
and chemical properties impart oil and water repellency, temperature resistance, and friction 
reduction that have made them particularly useful to consumers and industry. As a result, most 
people living in the developed world have some level of PFAS in their body. 

Legacy firefighting foams containing perfluorooctane sulfonate (PFOS) and perfluorooctanoic 
acid (PFOA) as active ingredients were once used extensively worldwide and within Australia, 
including at Defence bases, due to their effectiveness in fighting liquid fuel fires. 
Perfluorohexane sulfonate (PFHxS) is also commonly found in legacy firefighting foam as an 
impurity of its manufacturing process. 

The release of PFAS into the environment has become a concern, because they can persist in 
humans, animals and the environment. From 2004, Defence commenced phasing out the use of 
legacy AFFF containing PFOS and PFOA as active ingredients. Further, Defence has also 
made changes to the way it uses AFFF to ensure that the risk of releasing AFFF into the 
environment is minimised. GHD understands that Ansulite is currently used by Defence only in 
emergency situations where human life is at risk, or in controlled environments to test 
equipment. Further, any Ansulite used by Defence is generally captured and treated, and/or 
disposed of at licenced waste disposal facilities, in accordance with standard industry practice 
and applicable regulatory requirements. 

PFAS compounds may persist in the environment for many years after their release, prompting 
Defence to initiate an environmental investigation into the nature and extent of PFAS on and 
within surrounding areas of the site. The investigation forms part of a National program by 
Defence that seeks to manage legacy PFAS contamination at priority sites across the Defence 
estate. 
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1.2 Objective of this DSI 

The objective of this DSI was to: 

 Assess the nature and extent of PFAS contamination within the Investigation Area arising 
from legacy AFFF use within the site through a comprehensive program of testing 

 Update the current understanding of the conceptual site model (CSM) describing the key 
potential contamination sources, pathways and receptors 

 Generate data for use as part of a human health risk assessment (HHRA) and ecological 
risk assessment (ERA) 

 Provide information to assist in evaluating suitable contamination management and 
remedial options 

1.3 Context of this DSI 

This DSI forms part of a staged process of investigation of PFAS within the Investigation Area 
comprising the following elements: 

Independent technical review (in progress) 

Defence has engaged a NSW Environment Protection Authority (EPA) accredited Contaminated 
Sites Auditor, Mrs Amanda Lee of AECOM, as the Site Auditor for this project. The Site Auditor 
will review this, and other reports for the investigation, to verify that work completed is 
consistent with the relevant regulatory guidance, particularly the ASC NEPM (NEPC, 2013). 

Stakeholder engagement (in progress) 

As part of the environmental investigations, GHD has developed a stakeholder and community 
engagement program tailored to effectively reach government stakeholders and the local Wreck 
Bay and Jervis Bay communities. To support this program of activity, the following formal 
documents were prepared and protocols therein subsequently implemented: 

 JBRF and HMAS Creswell Stakeholder and Community Engagement Plan (GHD, 2017d), 
approved March 2017 

 Wreck Bay Community Engagement Plan (GHD, 2017f), approved June 2017 

 PCG Communications Plan (GHD, 2017e), issued April 2017 

 Water and Biota Use Survey Findings (GHD, 2017a), issued August 2017  

GHD’s approach to community and stakeholder engagement is in compliance with the ASC 
NEPM Schedule B8 Guideline on Community Engagement and Risk Communication (NEPM). A 
Final Stakeholder and Community Consultation Activities Report will be produced at the 
conclusion of the environmental investigations. 

Preliminary Site Investigation (completed) 

The Preliminary Site Investigation (PSI) and Sampling, Analysis and Quality Plan (SAQP) 
(GHD, 2018b) comprised a review of the site history, activities and the environmental 
characteristics of the site as well as the findings of a Water Use and Biota Survey (GHD, 2017a) 
(discussed in Section 4.10). The objective of the PSI was to establish the potential sources of 
PFAS, pathways for its migration and the potential on and offsite receptors that could be at risk 
of exposure. This culminated in the development of a preliminary CSM (as presented in the 
SAQP) to identify the potential source-pathway-receptor (SPR) linkages and a comprehensive 
SAQP for the DSI. This document was reviewed and approved by the Site Auditor prior to the 
DSI commencing. 
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Detailed Site Investigation (this report) 

The DSI comprised a program of on and offsite soil, sediment, surface water, groundwater and 
biota sampling and analysis. It was completed in accordance with the PSI and SAQP (GHD, 
2018b). It comprised the following: 

1. Source characterisation – assessment of soil, concrete, surface water and groundwater 
within eight contamination source areas (Figure 1-2), referred to herein as areas of 
environmental concern (AECs). 

2. Pathway characterisation: 

– Onsite soil, sediment, surface water (drainage channels, the headwaters of Mary 
Creek as well as the onsite portions of Flat Rock Creek, Captains Lagoon) and 
groundwater sampling. 

– Sampling of the sewer network as well as the onsite irrigation system that sources 
treated water from the HMAS Creswell Sewage Treatment Plant. 

– Offsite sampling of soil, sediment, surface water and pore water (Mary Creek, Flat 
Rock Creek, Captains Lagoon, Telegraph Creek, Summercloud Creek, various 
unnamed water bodies includes dams and creeks) and groundwater. 

– Assessment of the hydrology and hydrogeology within the Investigation Area to 
understand potential PFAS contamination migration mechanisms including evaluation 
of aquifer characteristics and stream morphology. 

– Generation of a three dimensional (3D) groundwater numerical model for use in further 
characterising/conceptualising PFAS groundwater migration pathways from the key 
PFAS source areas. The report for the hydrogeological modelling is contained in 
Appendix C. 

3. Receptor characterisation: 

– Environmental media - sampling of potable water sources including Lake Windermere 
and the Jervis Bay Water Treatment Plant, as well as soil, groundwater, sediment and 
surface water at potential PFAS exposure locations. 

– Biota – sampling of terrestrial, freshwater, estuarine and marine biota within receiving 
environments. Biota sampling was also undertaken at reference locations not thought 
to be influenced by groundwater or surface water runoff from source locations. 
Vertebrates, invertebrates and plants were sampled where appropriate and available. 

4. Data analysis and interpretation – consideration of the DSI data set in the context of the 
CSM using interpretative methods including numerical modelling, empirical calculations and 
comparison to tier 1 investigation levels. 

This report presents the findings of all four parts of the DSI. 

Human Health Risk Assessment and Ecological Risk Assessment (future activity) 

A HHRA and ERA will be completed using inputs from the DSI. The HHRA and ERA reports will 
include a detailed evaluation of potential human health and ecological exposure and toxicity 
assessment to evaluate whether there are long-term risks posed to the identified potential 
human and ecological receptors. 

GHD has prepared a HHRA for the Royal Australian Navy School of Survivability and Ship 
Safety (RAN SSSS) (GHD, 2018a), which has been provided to Defence and the Auditor. This 
report is presented in Appendix M, with further commentary to be provided in the HHRA. 
Presentation and discussion of the results in the various media sampled from the RAN SSSS is 
included in Section 9.7.1. 
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1.4 Reports prepared to date for this project 

The following GHD reports and plans have been prepared through the course of the 
investigation: 

 (GHD, 2017a) – Water Use and Biota Survey, Jervis Bay Range Facility and HMAS 
Creswell – Jervis Bay Territory Commonwealth of Australia. GHD August 2017. 

 (GHD, 2017b) – JBRF & HMAS Creswell, Groundwater flow modelling plan, Rev 1.1. 

 (GHD, 2017c) - Jervis Bay Range Facility & HMAS Creswell, Human Health and Ecological 
Risk Assessment Plan and Methodology, Rev 1.1. 

 (GHD, 2018a) - JBRF & HMAS Creswell, Human health risk assessment for RAN School of 
Ship Survivability and Safety, Rev 2, February 2018. 

 (GHD, 2018b)- Jervis Bay Range Facility & HMAS Creswell Preliminary Site Investigation & 
Sampling, Analysis and Quality Plan - Rev 3.0. GHD 7 February 2018. 

 (GHD, 2018c) – Jervis Bay Range Facility & HMAS Creswell, Sewer Network PFAS 
Investigation, Rev 3, 4 April 2018. 

Numerous relevant environmental reports for the Investigation Area dating back to 1996 have 
been prepared by others. A summary of each report is provided in the PSI and SAQP (GHD, 
2018b). Information that relates to historical fire-fighting and training activities or the use and 
storage of AFFF has been considered in Section 3. 

1.5 Investigation framework 

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

 Australian and New Zealand governments, and Australian state and territory governments 
(2018). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 
(ANZAST, 2018), DRAFT 

 Food Standards Australia New Zealand (2017a) Perfluorinated compounds in food. 
(FSANZ, 2017a). 

 FSANZ (2017b). Hazard assessment report – Perfluorooctane Sulfonate (PFOS), 
Perfluorooctanoic Acid (PFOA), Perfluorohexane Sulfonate (PFHxS) (FSANZ, 2017b). 

 Heads of Environmental Protection Authorities Australia and New Zealand (2018) PFAS 
National Environmental Management Plan (NEMP) (HEPA, 2018). 

 National Environmental Protection Council (NEPC) National Environment Protection 
(Assessment of Site Contamination) Amendment Measure (NEPM) 2013 (No. 1) (NEPC, 
2013). 

 National Health and Medical Research Council (NHMRC) Australian Drinking Water 
Guidelines Paper 6 National Water Quality Management Strategy, Version 3.5, Updated 
August 2018, (NHMRC, 2011) 

It is acknowledged that the NEMP was issued in February 2018, following the completion of the 
majority of the site investigations documented herein, specifically the onsite source 
characterisation, excluding wet weather events. Furthermore, during the preparation of the 
SAQP (GHD, 2018b), and the site investigations undertaken in 2017, reference was made to 
Western Australia Department of Environment Regulation Interim Guideline on the Assessment 
and Management of Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) (DER, 2017), being 
the most current relevant guidance at the time. 
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In addition to the above legislation and guidelines, the following documents were also used as a 
basis to guide the investigation: 

 Cooperative Research Centre for Contamination Assessment and Remediation of the 
Environment (2017) Technical Report No. 38, Assessment, management and remediation 
for PFOS and PFOA (CRC CARE, 2017). 

 Government of Canada (2018). Interim Advice to Federal Custodian Departments for the 
Management of Federal Contaminated Sites Containing Perfluorooctane Sulfonate (PFOS) 
and other Per- and Polyfluoroalkyl Substances (PFAS) Version 1.4.1, April 2018. 
(Government of Canada, 2018). 

1.6 Disclaimer 

This report: has been prepared by GHD for Department of Defence for the intended purpose in 
accordance with clause 2.2 of GHD’s terms of engagement and agreed between GHD and 
Department of Defence as set out in this report. 

The services undertaken by GHD in connection with preparing this report are detailed in the 
report and are in accordance with the scope of Services of GHD’s terms of engagement..  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report.  GHD has no 
responsibility or obligation to update this report to account for events or changes occurring 
subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report may necessarily be based 
on reasonable assumptions made by GHD, and if so, these will be clearly identified in this 
report.  It is noted that to the extent the report relies on assumptions, these can give rise to 
discrepancies to the extent that they may or may not represent actual existing circumstances or 
eventuate to be correct assumptions.   

GHD has prepared this report on the basis of information provided by Department of Defence 
and others who provided information to GHD (including Government authorities), which GHD 
has verified or checked to the extent required by the agreed scope of work. GHD identifies the 
sources of information in this report.. 

The opinions, conclusions and any recommendations in this report are based on information 
obtained from, and testing undertaken at or in connection with, specific sample points. It is 
noted that site conditions at other parts of the site may be different from the site conditions 
found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site 
conditions, such as the location of buildings, services and vegetation. As a result, not all 
relevant site features and conditions may have been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may 
change after the date of this Report. GHD does not accept responsibility arising from, or in 
connection with, any change to the site conditions. GHD is also not responsible for updating this 
report if the site conditions change. 
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1.7 Basis for assessment and assumptions 

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

 The current site uses within the Investigation Area will remain as they were at the time of 
preparing this report. 

 The findings presented within this report are primarily based upon the field and analytical 
results obtained throughout the DSI by GHD including soil, sediment, surface water, 
groundwater and biota analytical data from the locations sampled. Reasonable effort has 
been made to collect and verify information from third parties such as State Agencies and 
anecdotal information provided by site personnel and community members. 

 The laboratory limits of reporting (LOR) and assessment levels used in this investigation 
were appropriate at the time of the assessment. 

 The term PFAS refers to a large number of perfluorinated and polyfluorinated substances. 
The analytical suite adopted for this assessment has included 28 compounds (refer to 
Appendix A), including PFOS, PFHxS, and PFOA, which were the focus of this report. 

  



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 9 

2. Site information 
2.1 Site location 

The site is located on the Bherwerre Peninsula, approximately 200 kilometres (km) south of 
Sydney, on the southern shores of Jervis Bay within the Commonwealth’s Jervis Bay Territory 
(JBT). HMAS Creswell is surrounded by BNP as shown on Figure 1-1. The region is renowned 
for its high aesthetic, natural and cultural heritage value. 

Access to the Royal Australian Naval College (RANC) at HMAS Creswell is via Jervis Bay Road 
and is located on the shores of Jervis Bay between Jervis Bay Road and the boundary of JBRF. 
The operational waterfront area and wharves are accessed through HMAS Creswell and are 
located to the west of Captains Point and east of where Flat Rock Creek enters Jervis Bay. 

JBRF is located to the south of Jervis Bay Road, immediately south of the RANC. This facility 
contains the functional areas of the RAN SSSS, and the JBRF Airfield and former Kalkara Flight 
facility. 

The Bherwerre Ridge Facilities, east of JBRF, consist of various communications facilities. 

2.2 Site identification 

The site location, boundary and Investigation Area are shown on Figure 1-1. The particulars of 
the site are listed in Table 2-1. 

Table 2-1 Site particulars 

Information Details 
Street Address JBRF and HMAS Creswell are accessed off Jervis Bay Road, 

Jervis Bay, Jervis Bay Territory 2540 (Figure 1-1) 
Site Area JBRF is approximately 313 hectares (Ha), and HMAS Creswell is 

approximately 274 Ha. The total Investigation Area (inclusive of 
JBRF and HMAS Creswell) is approximately 4689 Ha. 

Military Area Jervis Bay 

Local Government Area Jervis Bay Territory 

Current Land Use Naval airfield and training base 

Access to the site is via Jervis Bay Road, with HMAS Creswell to the north and JBRF to the 
south. HMAS Creswell is an active Royal Australian Navy (RAN) base and training facility and 
JBRF is an active airfield and training facility. 

2.3 Site description 

The following sections provide descriptions for both JBRF and HMAS Creswell based on 
observations by GHD during both the PSI and DSI stages of the works and also from 
information gained through interviews with available Defence representatives. The key site 
features are illustrated on Figure 2-1, Figure 2-2 and Figure 2-3. 
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2.3.1 JBRF 

JBRF is located to the south of HMAS Creswell. It is host to an operational airfield with two 
runways (approximately north-south and east-west) and associated buildings and infrastructure. 
The RAN SSSS (herein referred to as AEC A and shown on Figure 2-1) is located at JBRF and 
provides training to equip sea-going personnel with combat survivability skills including 
firefighting training. Whilst current firefighting training practices are conducted using PFAS free 
foams, historical firefighting practices have used legacy AFFF containing PFAS. The 
RAN SSSS was subject to a significant redevelopment to upgrade and enhance the training 
facilities in 2010. One specific feature of this upgrade was the design and implementation of 
onsite water treatment systems for firefighting foam. An annotated sketch plan of the RAN 
SSSS provided to GHD as part of this investigation is presented as Figure 2-2. 

The scope of the PSI and DSI included site inspections and interviews of individuals with 
knowledge of JBRF. The following relevant information was obtained: 

 Firefighting activities undertaken in the 1960/1970s were conducted at unsealed areas in 
the former fire-fighting training area (FFTA) located north of the east runway at JBRF 
(herein referred to as AEC C on Figure 2-1). Training fires were established in open pits or 
within shallow metal trays. Runoff of fuels and firefighting foam was uncontrolled. 
Historically, fires have been fuelled by diesel, petrol, gas and possibly solvents. PFAS 
products were historically used on liquid hydrocarbons only. This area is currently utilised 
by the parachute training school and was a former landing area for remote controlled target 
drones (mid 1980s through to 2000). 

 At the RAN SSSS (prior to its upgrade in 2009/2010) training fire pits were constructed on 
concrete slabs. It is thought that much of the existing concrete slab towards the centre of 
the RAN SSSS was part of the existing site prior to the upgrade works. Details on the 
removal and/or replacement of infrastructure during the 2009/2010 upgrade could not be 
confirmed. 

 The initial upgrade of the RAN SSSS, and a move away from fuel fire (diesel) training 
activities occurred around 1994. Currently the site uses gas and diesel during training 
exercises. 

 Around 2004, Defence commenced phasing out legacy AFFF containing PFAS, with 
existing onsite stores of products used until supply was exhausted. In 2009/2010 the site 
was converted to its existing layout, diesel fires were reintroduced, and a non-legacy AFFF 
product was introduced. 

 Four storage areas and potential sources of AFFF were noted including a mobile trolley, 
two fire cabinets and a former foam station to the north of the eastern runway at JBRF and 
in the area of the warehouse style buildings north-east of the runways (southern portion of 
AEC C). 

 Testing for PFAS in water at the RAN SSSS has been historically conducted. The reports 
for the testing are listed in Section 3.3 and were considered as part of the PSI and SAQP 
(GHD, 2018b). 
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 The south-eastern corner of the former FFTA forms part of the new Helicopter Aircrew
Training Systems (HATS) constructed during 2017 (see Figure 2-1). In this area it is
understood that groundwater was extracted as part of the construction process and treated
(through a pump and treat system) to remove PFAS prior to being returned to the aquifer.

 There are four closed water circuits at the RAN SSSS consisting of tanks and pits (GHD,
2018a). Water is recycled onsite from the fire-fighter training facility (FFTF) through a foam
treatment plant that uses an activated carbon filtration system. Oil and sludge from the
concrete training area, surface water capture tank S426 and associated oily water
separator is reportedly taken offsite by Veolia. As reported by GHD (2018a), the integrity of
underground pit tank S440 is poor and allows groundwater ingress. Although repairs to the
tank were undertaken in July 2017 (GHD, 2018a), observations and sampling and analysis
of water from within the tank in October 2017, suggests ongoing groundwater ingress.

 It was noted that there was reportedly an aircraft crash in the area of the former drum
disposal area (herein referred to as AEC H on Figure 1-2), however no further details on
the aircraft crash could be confirmed, including the date of the incident and what
emergency actions were undertaken at the time.

 During September 2017, and after the onsite component of the DSI was completed, a
bushfire within the Investigation Area burnt 1,700 Ha of bushland, encroaching on the
RAN SSSS, Jervis Bay Village and Wreck Bay Village. As this was an emergency situation,
firefighting activities in the vicinity of RAN SSSS included the use of approximately
120 litres of Ansulite. It is understood that soil impacted with Ansulite (as well as some pre-
existing asbestos) was stockpiled and contained in an area to the north of RAN SSSS. The
burned area is not assessed as a separate AEC, as the focus of the investigation was on
use of legacy AFFF.

During the site interviews and inspections, information on the specific legacy AFFF product type 
used at JBRF and historical methods of training including product usage rates could not be fully 
determined. 
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Figure 2-2 Layout of RAN SSSS 
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2.3.2 HMAS Creswell 

HMAS Creswell is a naval training facility. It provides accommodation, waterfront services and 
other support, including assistance to military activities conducted in the East Australian 
exercise area. It also hosts operational facilities including offices and accommodation, a fire 
station, STP and port facilities. A reticulation system for reclaimed water from the site’s STP 
operates across the base, primarily for irrigating the former golf course (herein referred to as 
AEC E) and the Quarterdeck. The Jervis Bay School, which is managed by JBTA, and with 
education services provided by ACT government, is located within the southern portion of 
HMAS Creswell, on the northern side of Village Road. 

The scope of the PSI and DSI included site inspections and interviews of individuals with 
knowledge of HMAS Creswell. The following relevant information was obtained: 

HMAS Creswell fire station (AEC F) 

 Currently houses fire trucks and has historically stored small volumes (drums) of AFFF, 
with no legacy AFFF observed. 

 There is a surface water drainage channel (grated drain) in front of the building which 
collects runoff from the fire station hardstand, leading to an underground storage tank 
which has a volume of approximately 2,000 L. Water is pumped from the tank through an 
oily water separator, which discharges to sewer. 

During the site interviews, information on the type of legacy AFFF (i.e., product type) used at 
HMAS Creswell fire station could not be confirmed. It was also not clear if fire training using 
legacy AFFF had ever occurred at the fire station. 

Sewage treatment plant (AEC G, managed by JBTA) 

 The STP comprises Imhoff tanks, trickling filters, an extended aeration lagoon, retention 
lagoon and an effluent storage dam. The tertiary treatment comprises a sand filter and 
chlorine treatment. 

 Untreated effluent is collected and pumped into the STP inlet works where it is treated 
within the plant. Treated water is pumped from the STP retention basin to the treated 
effluent dam for storage before distribution throughout HMAS Creswell as irrigation water 
(predominantly over the former golf course (AEC E)). The treated effluent distribution 
system was upgraded around 2010 to expand the irrigation network to include the 
Quarterdeck and the area in the vicinity of the gymnasium, to the east of the fire station. 
The upgrade included a tertiary treatment plant with sand filter, storage tanks and chlorine 
dosing. It is understood that the lined retention dam was constructed in the 1990s, with the 
addition of a level switch and automatic discharge pump to prevent overtopping added in 
recent years.  

 GHD was also provided with the following anecdotal information: 

– The aeration basins are drained occasionally with the sludge placed on the drying 
beds. The dried sludge is then distributed on the banks around the retention basin 
(located to the south-west of AEC E). 

– In emergencies, water from the settling pond has overflowed into Jervis Bay via a 
deep water outlet at Franklin Road. 

– During the 1990s there was a high level of foaming in the STP plant. 
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Former golf course (AEC E) 

 The former golf course and the Quarterdeck are irrigated with treated effluent from the STP.  

 Solids from the STP are distributed in an area adjacent to the former golf course and 
around the banks of the treated effluent dam. 

Sewer network 

GHD completed a Sewer Network PFAS Investigation (GHD, 2018c) in conjunction with the DSI 
field investigations. The report is contained in Appendix N and the key findings are summarised 
in Section 9.8.10. 

 The sewer network located within JBT consists of approximately 5 km of pressure and 
gravity main starting at Wreck Bay Village and terminating at the STP at HMAS Creswell. 
The sewer main passes through RAN SSSS, Jervis Bay Village and HMAS Creswell. 

 The major main sewer line is managed by JBTA, and Defence is responsible for the 
connections to lateral mains located on the Defence estate. 

2.4 Surrounding land use 

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

 North: Jervis Bay (including Jervis Bay Marine Park [JBMP]), beyond which is Hyams 
Beach (and village) and Vincentia residential areas. 

 East: Jervis Bay Village (a residential community with a primary school, police station, local 
store and the JBTA offices) and bushland of BNP (including Green Patch and Iluka 
camping grounds), beyond which is the Pacific Ocean. 

 South: Wreck Bay community lands and Wreck Bay Village residential area. This area 
belongs to the Wreck Bay community and is referred to herein as the 403 lands. 

 West: Bushland of BNP, including Lake Windermere and Lake McKenzie potable water 
supplies, Caves Beach, Bherwerre Barrier, beyond which is the estuary of St George’s 
Basin. 

The residential communities of Jervis Bay Village and Wreck Bay Village are home to 
Indigenous people with connection to country in and around the Investigation Area. 

The Jervis Bay Water Treatment Plant is located at the corner of Wreck Bay Road and Stoney 
Creek Road, south east of the RAN SSSS. The plant processes raw water drawn from Lake 
Windermere through a system of sand filters, ozonation, activated carbon filters and 
chlorination. Treated water is then fed to Jervis Bay Village, HMAS Creswell, JBRF, Wreck Bay 
Village and campgrounds at Green Patch, Bristol Point and the Murrays Bay and Iluka 
amenities block.  
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As discussed in the PSI (GHD, 2018b), a rural fire shed is located approximately 7 km south 
west of JBRF. It is part of the Christians Minde holiday accommodation located to the west of 
the Investigation Area. The fire shed has dimensions of approximately 10 m x 7 m. At the time 
of GHD’s inspection on 25 May 2017 it was observed to contain a small amount of equipment 
and four 20 L drums of foam concentrate labelled ‘3M Fire-Brake’, which is not considered to be 
a legacy AFFF product. 

Defence has obtained the following information from NSW Rural Fire Service in relation to their 
use of AFFF within the Investigation Area: 

 The following fire brigades operating under the Jervis Bay Territory Rural Fire Service are 
unlikely to have used legacy AFFF products at or near their fire stations: 

– Wreck Bay Rural Fire Brigade, Wreck Bay Road, Wreck Bay Village 
– Jervis Bay Rural Fire Brigade, College Road, Jervis Bay Village 
– Christians Minde Rural Fire Brigade, Via Elmoos Road, Christians Minde 

 All training with Class B foams1 was undertaken at the NSW Rural Fire Service Training 
Centre (Nowra) or at the RAN SSSS. 

 All old stock of Class B foams have been removed from stations located at Wreck Bay, 
Jervis Bay and Christians Minde. 

The Christians Minde holiday accommodation utilises tank water and also has a bore from 
which water is used for washing vehicles etc. GHD was informed that the bore is not used for 
drinking or servicing amenities, and is approximately 3 to 4 m deep. Historically, water was 
abstracted from an open well (not observed). During the preparation of the PSI (GHD, 
2018b),GHD received anecdotal information that Kullundi residents (located to the north of 
Christians Minde, and also outside of the Investigation Area) used borehole water for drinking 
and all other purposes, however this could not be substantiated during the DSI. 

2.5 Investigation Area 

The DSI included sampling and analysis from the site, as well as from a number of offsite 
waterways, BNP and properties within Wreck Bay and Jervis Bay Villages. The site and these 
surrounding areas are collectively referred to as the “Investigation Area”, and are shown on 
Figure 1-1. 

When establishing the Investigation Area GHD considered: 

 The results of the Water Use and Biota Survey (GHD, 2017a) conducted through 
consultation with the Wreck Bay community. 

 The environmental setting and high heritage value of the area (refer to Section 4) 

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

To protect the privacy of the Jervis Bay and Wreck Bay residents, information relating to offsite 
private properties where sampling was completed has not been provided. However, the 
sampling locations are indicated on the relevant figures, unless a property owner or occupant 
has requested otherwise.  

                                                      
1 Used to extinguish fires involving flammable liquids and more likely to contain PFAS. 
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3. Site history 
3.1 JBRF site history 

The main JBRF facility is located to the south of HMAS Creswell and was established during 
World War II. In 1949 the site consisted of a large airfield with a north-south runway and a 
crossing east-west runway surrounded by several small buildings which appear to be 
associated with airfield operations. Clearing operations continued throughout the 1950s to 
1970s in the north east corner of the airfield (potential FFTA) and the current RAN SSSS area 
with construction of buildings in these areas commencing in the 1980s and 1990s. Workshop 
type buildings were constructed in the north eastern portion of the airfield in the early 2000s and 
the RAN SSSS has continued to expand until present day. 

JBRF currently consists of an operational airfield with two runways (approximately north-south 
and east-west) and associated buildings and infrastructure. The RAN SSSS is located at this 
site, providing training to equip sea-going personnel with combat survivability skills including 
firefighting training. Whilst current firefighting training practices are conducted using PFAS free 
foams, historical firefighting practices used legacy AFFF containing PFAS. The RAN SSSS has 
been subject to a significant redevelopment to upgrade and enhance the training facilities. One 
specific feature of this upgrade was the design and implementation of onsite water treatment 
process for firefighting foam. 

3.2 HMAS Creswell site history 

HMAS Creswell was established in 1915 as the RANC to provide training of officers for service 
in the RAN. Although the facility was shut in 1930, it was later reoccupied by 1958 and 
consisted primarily of training facilities (offices, parade grounds, accommodation and amenities) 
and waterfront services (marina). General expansion of the site, including the clearing of areas 
and construction of additional buildings and a jetty, occurred throughout the 1960s to the 1990s. 
The onsite STP was constructed sometime between 1987 and 1997. 

HMAS Creswell currently comprises onsite training facilities, operational facilities including 
offices and accommodation, fire station, STP and port facilities. A reclaimed water reticulation 
system operates across the base, primarily for irrigation purposes of the former golf course. 

3.3 Previous environmental studies 

A review of the relevant previous environmental studies outlined in Table 3-1 was undertaken as 
part of the PSI and SAQP (GHD, 2018b). 

Table 3-1 Previous environmental studies 

Date Title Author Report 
reference  

1996 Mary Creek Headwaters, Soil and Water 
Quality Assessment Volume 1 to 3 – site 
assessment, 17 July 1996 

Coffey Partners 
International Pty 
Ltd 

(Coffey, 1996)  

1997 Round 2, surface water and groundwater 
quality monitoring, JBRF, Jervis Bay, 
April 1997 

Coffey Partners 
International Pty 
Ltd 

(Coffey, 1997) 

2001 JBRF Mary Creek and Headwaters 
Remediation Project – Preliminary 
Environmental Site Assessment Report, 
September 2001 

PPK Environment 
& Infrastructure, 

(PPK, 2001) 

2002 JBRF Mary Creek and Headwaters 
Remediation Project – Environmental site 

Parsons 
Brinkerhoff 

(PB, 2002) 
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Date Title Author Report 
reference  

assessment report – Wreck Bay 
Community Land, November 2002 

2004 JBRF Mary Creek Headwaters 
Remediation Project Remedial Action Plan 
(RAP), March 2004 

Parsons 
Brinkerhoff 

(PB, 2004) 

2005 JBRF stage one contamination 
assessment, June 2005 

GHD Pty Ltd (GHD, 2005a) 

2005 HMAS Creswell stage one contamination 
assessment, June 2005 

GHD Pty Ltd (GHD, 2005b) 

2005 HMAS Creswell Helo GFFTU upgrade 
contamination assessment, 
September 2005 

GHD Pty Ltd (GHD, 2005c) 

2006 Stage 2 Environmental assessment HMAS 
Creswell, August 2006 

AECOM (AECOM, 
2006a) 

2006 Stage 2 Environmental Investigations 
Shoalhaven Region, Jervis Bay Range 
Facilities, Part A – Stage 2 Environmental 
Investigation Report, August 2006 

AECOM (AECOM, 
2006b) 

2006 Stage 2 Environmental Investigations 
Shoalhaven Region, Jervis Bay Range 
Facilities, Part B – Site Management Plan, 
August 2006 

AECOM  (AECOM, 
2006c) 

2006 Mary Creek headwaters remediation 
project – baseline sampling and drum 
disposal validation report, June 2006 

Parsons 
Brinkerhoff 

(PB, 2006) 

2007 Creswell stage one environmental 
investigation, August 2007 

SMEC (SMEC, 2007) 

2007 Aboveground and underground storage 
tank management plan – Jervis Bay area, 
February 2007 

Department of 
Defence 

(Defence, 
2007) 

2008 HMAS Creswell Pistol Range stop butt 
remediation, April 2008 

Earth Tech (Earth Tech, 
2008) 

2014 Air 9000 Phase 7 Helicopter Aircrew 
Training System, HMAS Albatross & 
Jervis Bay Airfield, Geotechnical & 
Environmental Works – Detailed 
Investigation, December 2014 

Coffey 
Geotechnics Pty 
Ltd 

(Coffey, 2014) 

2016 PFAS environmental management 
preliminary sampling program, 
September 2016 

GHD Pty Ltd (GHD, 2016) 

2016 Contaminated soil and water management 
plan- AIR 9000 Phase 7 helicopter aircrew 
training system (HATS), Jervis Bay 
Airfield, October 2016  

Environmental 
Earth Sciences 
NSW 

(EES, 2016) 

2016 Jervis Bay water sampling, 2016 ACT Health (ACT Health, 
2016) 

2016 Jervis Bay water sampling data, 2016 Environmental 
Water, ACT 
Government 

(ACT 
Government, 
2016) 

2016 Jervis Bay water sampling data, 2016 JBTA (JBTA, 2016) 

2016 Jervis Bay Airfield for CivMec and 
LendLease, soil results data, 2016 

Environment and 
Natural Resource 
Solutions 

(ENRS, 2016) 

2017 Water treatment plant daily summary, 
2017 

Synergy Resource 
Management 

(Synergy, 
2017) 
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A detailed site history including summary of previous investigation, and aerial photography is 
included in the PSI (GHD, 2018b) and information obtained from these reports that is specific to 
PFAS source areas is included in Table 3-2. 

3.4 PFAS source areas 

The PSI (GHD, 2018b) included an evaluation of legacy AFFF storage, use, disposal and 
reported incidents based upon a review of relevant historical reports prepared by others (refer to 
Table 3-1), the Defence Contaminated Sites Register (CSR), site inspections and interviews 
with base personnel and other stakeholders within the Investigation Area. 

Based on the information reviewed, the most likely sources of PFAS are related to legacy AFFF 
usage at JBRF (primarily via fire training activities at RAN SSSS) and its storage/use at the fire 
station at HMAS Creswell. Other point sources include associated storage areas, disposal 
areas and to a lesser degree, miscellaneous, undocumented incidents. It is likely that soil and 
concrete impacted by AFFF could act as a secondary source of PFAS groundwater and surface 
water contamination. Furthermore, treated effluent storage and re-use is likely to be an ongoing 
source across the broader HMAS Creswell area, primarily across the golf course and other 
areas where treated effluent has been used for irrigation. 

Therefore, based on the site history information obtained throughout the investigation, and 
information from site walkovers and interviews with Defence personnel, GHD identified eight 
areas within the site that may have stored, used or disposed of PFAS containing legacy AFFF 
and could have affected soil, sediment, surface water or groundwater quality within the site. 

These areas, referred to as AECs A to H, are summarised in Table 3-2 and are presented on 
Figure 1-2. 

Potential use of AFFF that may have been employed during emergency response activities 
during historical bushfires across JBT, and incidents within JBRF cannot be ruled out. Historical 
activities such as this, may have contributed to broad, low level incidence of PFAS across the 
Investigation Area. 

Table 3-2 Potential source areas 

AEC Description 

JBRF 
AEC A – RAN SSSS 
(CSR_ACT_000108) 

The RAN SSSS is located within JBRF. It covers an area of 
approximately 11 Ha, with 2.4 Ha actively used. The first fire training 
facility was located to the south of the present day facility, and was 
relocated from the original FFTA (AEC C), in the early 1970s, with 
exercises predominantly comprising the burning of waste fuels and 
oils obtained from RAN ships and HMAS Albatross (Coffey, 1996). 
The area has previously been referred to as the Counter Disaster 
Training Area (CDTA) and the Fire Fighting Training Facility (FFTF) 
(AECOM, 2006b) and the area to the south is also known as HMAS 
Countersink. 
Fuel sources for fires, including petrol and diesel (and potentially other 
solvents), were historically stored in aboveground storage tanks 
(ASTs) and underground storage tanks (USTs) at the site, with fuels, 
oils and water used during the exercises collected and separated in 
concrete holding tanks downslope of the training area (AECOM, 
2006b). Surface water is noted to runoff this area to Mary Creek to the 
south of the airfield. 
The RAN SSSS has been redeveloped in 1985, 1993 to 1995 and 
2010, with the upgrades between 1993 and 1995 converting the 
facility to burn natural gas for exercises instead of waste oil and fuel 
(Coffey, 1996). 
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AEC Description 
AEC B – Area 
adjacent to RAN 
SSSS, Mary Creek 
(CSR_ACT_000109) 

AEC B is where surface water drains from the RAN SSSS under and 
around the airfield runway via multiple drainage culverts and 
discharges into the headwaters of Mary Creek. Mary Creek flows 
south to Wreck Bay. AEC B covers an area of approximately 
140,000 square metres (m2). The area is swampy and densely 
vegetated, with access limited to the periphery. 

AEC C – Former fire 
training area 

The approximate area of the current parachute training school was 
formerly used as a FFTA in the 1970s, where it was relocated from 
Balmoral, Sydney to JBRF in 1969 (Coffey, 1996). The FFTA was 
located adjacent to the main airfield tower (AECOM, 2006b) prior to 
being relocated to the present RAN SSSS (AEC A). 
AEC C covers an area of approximately 22 Ha; with the former FFTA 
considered to cover approximately 6 Ha. Fuel ignition sources 
included petrol, diesel and solvents. During a site visit by GHD as part 
of the PSI, three former AFFF lockers and a former foam station were 
also observed. 
A portion of this site is occupied by the new HATS facility. EES 
documented the presence of PFAS in soil (PFOS concentrations 
between 0.0002 and 0.18 mg/kg) in the upper 1.5 m of the soil profile) 
and groundwater (PFOS concentrations from <0.002 µg/L to 
40.3 µg/L) (EES, 2016). During the construction of the HATS facility, 
dewatering and subsequent water treatment was undertaken, with 
pre-treatment concentrations of PFOS + PFHxS up to 11.5 µg/L and 
post treatment <0.01 µg/L (Synergy, 2017). 

AEC D – Former 
building 

AEC D is a former building that was reportedly ‘exploded or 
demolished’ over an area greater than 20 m2. Although no information 
was provided during the site interviews it was assumed that legacy 
AFFF may have been used in an emergency situation as a fire 
suppressant. 

AEC H – Drum 
disposal area 
(CSR_ACT_000105) 

Buried drums and waste bitumen were previously identified in five 
shallow trenches (PB, 2002), with remediation activities completed in 
2006 (PB, 2006), with validation targeting petroleum hydrocarbons. 
Although the previous reports did not identify the potential for PFAS to 
be present, on the basis that waste may have been associated with 
previous fire fighting training activities within JBRF there is potential 
for legacy AFFF to have been contained within the waste. 
AEC H covers an area of approximately 10,215 m2 of densely 
vegetated bushland. The ground in the area is often saturated with 
pooled water. 
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AEC Description 

HMAS Creswell 
AEC E – Golf 
Course 
(CSR_ACT_000106) 

The former golf course area at HMAS Creswell is down gradient from 
the current fire station (AEC F). The former golf course (and the 
Quarterdeck) is irrigated by secondary treated effluent water (pumped 
from the retention dams to south), then collected from across the site 
and may contain PFAS. 
AEC E covers an area of approximately 214,000 m2. The area is 
covered by well-maintained grassland and trees. There are no known 
PFAS point sources within the footprint of this area. 

AEC F – Fire station 
(CSR_ACT_000101) 

The fire station at HMAS Creswell has been present since circa 1987. 
The historical usage of AFFF at this site included vehicle wash down / 
flushing and potential training activities. Historically, the storage of 
AFFF included approximately three 20 L on-board the fire trucks and 
within up to 12 x 20 L drums in an un-bunded hardstand storage area 
(GHD, 2005b). There is potential for historical flushing and testing in 
the area adjacent to the fire station. 
AEC F covers an area of approximately 1,255 m2, and is covered 
mainly by the footprint of the fire station building. 

AEC G – Sewage 
treatment plant and 
outfall 
(CSR_ACT_000118 
and 
CSR_ACT_000115) 

The STP collects effluent water from across HMAS Creswell, JBRF, 
Jervis Bay Village, Wreck Bay Village and BNP campgrounds. The 
water is treated and some is used for irrigation of the former golf 
course and the Quarterdeck. Following treatment of the water, the 
water is discharged via an overflow pipe into Captains Lagoon and 
subsequently into Jervis Bay. 
AEC G covers an area of approximately 6,210 m2 and is occupied by 
the STP systems including settlement dam and filter beds. 
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4. Environmental setting 
4.1 Climate 

The Jervis Bay region has an oceanic climate, with JBRF and HMAS Creswell located on a 
coastal peninsula. The temperatures are generally moderate and rainfall evenly spread 
throughout the year. The average seasonal temperatures and rainfall are summarised below, as 
recorded by the Bureau of Meteorology (BoM) between the years of 1907 and 2004, from the 
Point Perpendicular Lighthouse (site ID 068034), located approximately 10 km north-west of 
the site: 

 Summer – 17.3 to 23.5 degrees Celsius (ºC) and 92.9 millimetres (mm) rainfall per month 

 Autumn – 14.8 to 20.6 ºC and 129.4 mm rainfall per month 

 Winter – 9.7 to 15.7 ºC and 108.6 mm rainfall per month 

 Spring – 12.9 to 19.6 ºC and 82.9 mm rainfall per month 

The highest volume of rainfall typically occurs during the month of May with a mean monthly 
rainfall amount of 134 mm. 

The present day weather station is known as Jervis Bay (Point Perpendicular AWS) (station 
ID 068151), and is understood to be located in the vicinity of the above mentioned weather 
station. However as this only includes data from 2001 to 2018, the longer period of data was 
considered more applicable for commenting on the climate of the area. 

Rainfall data recorded during the fieldwork component of the DSI, together with when wet 
weather sampling events were undertaken, is provided on Figure 4-1. 

 
Figure 4-1 Rainfall during DSI 

The average wind directions at Jervis Bay (Point Perpendicular AWS) (Station ID 068151) vary 
depending on the season. Wind roses for 9 am and 3 pm averages are presented in Plate 4-1 
(February, representing summer) and Plate 4-2 (July, representing winter). 
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Plate 4-1 9 am and 3 pm February average wind roses for Jervis Bay (BOM, 

2018) 

 

 
Plate 4-2 9 am and 3 pm July average wind roses for Jervis Bay (BOM, 2018) 

The average wind directions in summer are predominantly southerly and north easterly in the 
morning, with mostly southerly and northerly winds in the afternoon. The winter average wind 
directions (Plate 4-2) are more variable in the morning, dominated by southerly winds and also 
westerly to northerly westerly winds. The primary afternoon winter wind direction is from the 
northwest, and to a lesser extent westerly to south westerly. 
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4.2 Topography and site drainage 

Topography and drainage figures are shown on Figure 4-2 and Figure 4-3 respectively. 

JBRF and HMAS Creswell are located on the southern peninsula of JBT. The JBRF airfield is 
located on the ridge line known as the Bherwerre Peninsula. The Bherwerre Peninsula is bound 
by the Tasman Sea to the south and east, and Sussex Inlet, St Georges Basin and Jervis Bay 
to the west, north-west and north-east respectively. 

JBRF is situated on the crest of a plateau at an elevation of approximately 50 m Australian 
height datum (AHD) that drains northwards via creeks such as Flat Rock Creek, Telegraph 
Creek and Captains Lagoon into Jervis Bay. It also drains southwards via Mary Creek into 
Wreck Bay. Summercloud Creek is located to the east of Mary Creek and drains to 
Summercloud Bay, while an unnamed creek to the west of Mary Creek drains into Wreck Bay. 

HMAS Creswell is located on a headland between Hyams Beach and Captains Beach at an 
elevation of approximately 30 m AHD on the foreshore of Jervis Bay. There is estimated to be 
over 20 different small catchments and creek lines, with JBRF located at the top of the 
catchment area. 

The Bherwerre Peninsula also has two large lakes to the west of JBRF, Lake McKenzie located 
within the botanic gardens of BNP, and Lake Windermere bordering the botanic gardens to the 
north. Lake Windermere is the JBT potable water source. JBTA is responsible for the 
management of the lake which has a trunk main connecting the lake to the water treatment 
plant located to the east of JBRF. 

Based on a review of the light detection and ranging (LIDAR) information, and as illustrated on 
Figure 4-2, the Investigation Area covers several primary catchments as follows: 

 Flat Rock Creek catchment, which is fed from the north western portion of JBRF, and 
covers the western two thirds of HMAS Creswell. 

 Captains Lagoon catchment, which originates from the eastern boundary of JBRF, and 
includes the eastern third of HMAS Creswell. 

 Telegraph Creek catchment is located to east of Captains Lagoon, and also discharges to 
Jervis Bay. 

 Mary Creek catchment is fed from the southern third of JBRF, with Summercloud Creek 
catchment to the east. It is noted that Summercloud Creek is judged to receive minimal 
runoff from JBRF. 

 The catchments associated with Lake Windermere and Lake McKenzie are situated to the 
west of JBRF and HMAS Creswell. Whilst Lake Windermere is separated from the site via a 
north to south trending ridgeline, the Lake McKenzie catchment includes a series of 
unnamed pools used by the Wreck Bay community and is also anticipated to receive runoff 
from the area of JBRF to the south of the east-west runway. 

There are further catchments within the Investigation Area to the east and west of those listed 
above, but as they are beyond the area where surface water flows from the AECs have the 
potential to migrate, they have not been considered further. Furthermore the northern most 
portion of HMAS Creswell has a catchment originating in the general vicinity of the fire station 
and is inferred to have northern overland surface water flows, discharging to Jervis Bay to the 
west of Captains Lagoon via overland flow, and most likely infiltrating into the highly permeable 
sandy soils along the coast of Jervis Bay. 
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Surface water runoff from JBRF and HMAS Creswell is likely to flow into natural features such 
as creeks and lagoons via open shallow drains and underground culverts alongside the airstrip 
and roadways at JBRF. Runoff from JBRF that travels to the north flows into Jervis Bay via 
creeks from the two main drainage catchments (Flat Rock Creek and Captains Lagoon) with 
some of the runoff infiltrating into the highly permeable sandy soils. The majority of surface 
water that flows to the south from JBRF is expected to form the headwaters of Mary Creek, 
which flow south into Mary Bay and Wreck Bay. 

4.3 AEC Drainage 

A summary of the surface water hydrology in relation to each of the AECs is provided in the 
sections below. 

4.3.1 AEC A (RAN SSSS) 

Surface water movement within AEC A, in the south eastern area of JBRF, is generally directed 
to three catchments as shown on Figure 4-2, and in more detail on Figure 4-4. The road running 
east to west intersects the area dividing the northern (Flat Rock Creek and Captains Lagoon) 
and southern catchments (Mary Creek). 

The LIDAR information indicates that surface water runoff from AEC A has limited potential to 
migrate towards Telegraph Creek and Summercloud Creek, and it is unlikely to migrate in a 
west or north-west direction towards Lake McKenzie or Lake Windermere as shown on 
Figure 4-2. Further details on potentially impacted catchments that are likely to receive surface 
water from AEC A, are discussed below. 

Mary Creek (via AEC B) 

All surface water south of the RAN SSSS main road is believed to flow via open drains, culverts 
and topographical lows through bushland to converge to a culvert under the north/south runway 
in the vicinity of AEC B. 

During maintenance activities associated with the school training units and other infrastructure 
in this area (Figure 2-2), water potentially flowing towards Mary Creek includes: 

 Contaminated groundwater ingress into the sump tank S440 (GHD, 2018a) feeds filter 
room S478 and supply tank S439. Tank maintenance, leaks and filter backwash water 
flows enter a local gutter and culvert system, which outputs towards the culvert under the 
north/south runway, towards AEC B. 

 S481 feeds filter room S482 and supply tank ID 20004071. Tank maintenance, leaks and 
filter backwash water enter open grassed areas, which outputs towards the culvert under 
the north/south runway, towards AEC B. 

Due to the generally low topographical relief in the western portion of AEC A, during periods of 
higher volumes of surface water flow, the RANS SSSS north-western drain may overflow 
towards AEC B catchment drains, and consequently into Mary Creek. 

Flat Rock Creek (to the west of AEC C) 

This catchment potentially receives surface water from the following RAN SSSS areas: 

 All surface water north of the RAN SSSS dividing road and west of the administration 
building carpark, via open drains and topographical lows through cleared areas and 
culverts, converging to a culvert under the east/west runway towards AEC C. 
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 Surface water from the fire training ground concrete areas, which normally enter recovery 
pit S426 for oily water separation, overflows via a sluice gate when S426 reaches capacity 
(i.e., during periods of wet weather). The sluice gate diverts outputs under overflow 
conditions to culverts under the east/west runway towards AEC C. 

 S426 feeds filter room S483 and supply tanks ID141356. Tank maintenance activity, 
overflows and filter backwash water flows enter open areas and drains, which discharge to 
culverts under the east/west runway towards AEC C. 

 Higher rates of surface water flows north of the RAN SSSS main dividing road and east of 
the administration building carpark, may see a percentage of surface water enter the 
system of open drains and culverts under the east/west runway towards AEC C. 

Captains Lagoon 

The area to the north of the RAN SSSS main dividing road and east of the fire training ground 
concrete area is expected to flow north, following topographical lows through bushland and the 
eastern threshold of the runway to culverts into the headwaters of Captains Lagoon. 

4.3.2 AEC B (Mary Creek headwaters) 

As shown on Figure 4-4 and discussed above, surface water from AEC A enters AEC B from 
the northeast, travelling southwest towards the Mary Creek headwaters. An open drainage 
channel extends beside the eastern side of the southern end of the airport runway, passing to 
the western side of the runway through two culverts. To the north of AEC B, surface water flows 
are judged to flow northward towards a third culvert (approximately 400 m north of the AEC), 
which discharges into an area which forms the north western headwaters to Mary Creek. 

The southern culvert of the north/south runway is located immediately south of the runway 
threshold bitumen and collects the surface water from the south-eastern side of the runway and 
RAN SSSS surface water, to direct the surface water to AEC B. The water then follows roadside 
drainage channels and topographical lows through bushland to a collection point at the 
headwaters of Mary Creek. 

The second north/south runway culvert is located approximately 300 m north of the first culvert 
and collects the surface water from the south-eastern side of the runway and RAN SSSS 
surface water. The surface water then follows roadside drainage channels and topographical 
lows through bushland to a collection point at the headwaters of Mary Creek. 

Surface water runoff from AEC B is judged to flow in a southerly direction into Mary Creek, 
which is consistent with observations during the DSI field investigations. 

4.3.3 AEC C (former FFTA) 

Surface water from the majority of AEC C is directed towards Flat Rock Creek via an open 
grassed drainage channel (detailed as the northern drain in some historical reports) that 
extends to the north-west boundary road of JBRF (see Figure 4-4). The open drainage channel 
is converted into a rock-lined drainage channel near the JBRF north-west boundary road before 
passing through culverts under the road towards the headwaters of tributaries that drain into 
Flat Rock Creek. 

As shown on Figure 4-4, another drainage channel is located along the western boundary of 
AEC C which is judged to receive surface water flows from: 

 AEC A via the culverts under the east/west runway 

 The tower and aircraft hardstand area via a culvert 
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 Topographical lows adjacent to the drainage channel from the open grassed areas in the 
west of AEC C 

Surface water from the eastern boundary of AEC C in the vicinity of AEC D is expected to flow 
towards Captains Lagoon via topographical lows, culverts and open drainage channels before 
discharging through culverts adjacent to JBRF, to pass under Wreck Bay Road to the 
headwaters of tributaries that drain to Captains Lagoon approximately 1 km north-east. 

The LIDAR information indicates that surface water runoff from AEC C is unlikely to migrate in a 
westerly direction towards Lake McKenzie and Lake Windermere. 

4.3.4 AEC D (Former building) 

The topography of the area slopes down towards the east. Surface water is expected to flow 
across the area via topographical lows, culverts and open drainage channels before discharging 
through concrete culverts passing under Wreck Bay Road to the headwaters of a tributary that 
drains to Captains Lagoon approximately 1 km north-east (see Figure 4-4). 

4.3.5 AEC E (Former golf course) 

LIDAR imagery indicates that the topography of the former golf course slopes down to its lowest 
point to the north-western corner, which has a similar elevation to the adjacent marshland. 
Surface water is expected to flow across the area and discharge to Flat Rock Creek at the 
northern boundary of HMAS Creswell. 

A second surface water pathway with a drainage culvert entering from the east is evident in the 
southern area of the golf course and extends from 100 m west of the treated effluent storage 
dam area to the headwaters of Flat Rock Creek. Anecdotal information identifies the presence 
of a natural spring in this location, which is presumed to be the source of the drainage culvert. 

The upper tributaries of Flat Rock Creek, which receive surface water from AEC A and AEC C, 
pass through open swampland immediately west of the golf course area. 

The former golf course is the primary area used to distribute treated effluent water from the 
storage dam, with the Quarterdeck, historic area and fire station grassed areas also irrigated to 
prevent the storage dam from overtopping. 

The treated effluent dam has an automated emergency overtopping level switch and pump out 
system which, if activated, would discharge to an area immediately west of the dam. The 
precise location of this discharge line could not be located or identified. 

4.3.6 AEC F (Fire station) 

Surface water that travels across the concrete hardstand in the area surrounding the fire station 
is anticipated to flow north along the adjacent road grated drain to discharge into a holding tank, 
where it is pumped to an oily water separator that subsequently discharges to sewer. 

Based on site observations, surface water from the road to the west of the fire station will follow 
depressions that run west through the northern boundary of the former golf course and feed into 
Flat Rock Creek some 400 m north-west. 

4.3.7 AEC G (STP and outfall) 

Surface water flows in the vicinity of the STP are judged to flow to the north east towards 
Captains Lagoon. 

At the time of the PSI and SAQP development (GHD, 2018b), a drainage channel was 
understood to extend north-east from the STP to an outfall discharge near the mouth of 
Captains Lagoon, however, during the DSI field works this could not be located. Surface water 
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from AEC G may flow east down an embankment some 70 m into Captains Lagoon, however 
no direct path or evidence was observed during DSI field works. 

The STP treated effluent is pumped to the treated effluent dam adjacent to AEC E. An 
emergency deep-water discharge pipe from the STP discharges into Jervis Bay opposite 
Franklin Road approximately 130 m east of the Quarterdeck. It is understood the emergency 
overflow system has rarely discharged into Jervis Bay – once in 2016 and many years earlier in 
extreme rainfall events. 

4.3.8 AEC H (Drum disposal area) 

Topographically, this area is relatively flat, with the elevation data (Figure 4-2) indicating surface 
water flows to the north towards Flat Rock Creek tributaries. 
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4.4 Soils 

4.4.1 Soil landscape 

Although the Office of Environment and Heritage (OEH) has developed soil and landscape 
maps for many parts of NSW and ACT, there are no soil and landscape maps currently 
available for the Jervis Bay area. 

4.4.2 Acid sulfate soils (ASS) 

With reference to The Land and Water Conservation Acid Sulfate Soil Risk Map (1997), 
Huskisson (Tulau, M.J., 1997a) and Sussex Inlet (Tulau, M.J., 1997b), JBRF and HMAS 
Creswell are described as follows in relation to ASS: 

 JBRF is located in the central portion of the peninsula and the ASS risk map describes the 
site and its surrounds as having no known occurrences of ASS materials, and that land 
management activities are not likely to be affected by ASS materials. 

 The main base area of HMAS Creswell is described as having no known occurrences of 
ASS, however there is the potential for ASS to be present in the north-west and 
south-eastern areas, around Flat Rock Creek and Captains Lagoon: 

– The Flat Rock Creek area and the north-west of the former golf course (AEC E) is 
described as having a low probability of ASS, with ASS potentially found in an 
estuarine/back swamp environment and at near surface (between 0 to 1 m below 
ground level [bgl]). 

– Captains Lagoon is described as having a high probability of ASS in the bottom 
sediments, and that there may be a severe environmental risk if bottom sediments are 
disturbed by activities such as dredging. The map also describes the area surrounding 
the lagoon as having a low probability of ASS. These are described as originating from 
both estuarine and aeolian environments, and potentially found at depths of up to 1 m 
below the surface. 

4.5 Geology 

With reference to Figure 4-5 and the Geoscience Map of Jervis Bay Territory and Beecroft 
Peninsula (1:25,000) (Abell, R.S., 1992), both JBRF and HMAS Creswell are underlain by the 
following geological units: 

 Quaternary, Holocene sediments – Grey-white and yellow-light brown sand. 

 Quaternary, Pleistocene sediments – Pale grey leached quartz sand veneering 
yellow-brown feldspathic sand with podzolic soil profiles. 

 Tertiary, Ferruginous quartz gravel. 

 Tertiary, White kaolinitic clay - weathered Permian dolerite. 

 Late Permian, Porphyritic dolerite - dykes and sills. 

 Early Permian, Snapper Point Formation (known locally as the Jervis Bay Sandstone) – 
Quartz pebbly sandstone and minor conglomerate. Exposed sandstone and conglomerate 
can be observed in sections of JBRF and around the upper catchment of Mary Creek. 

Previous environmental investigations across the AECs have generally encountered geology as 
described above with surface layers of imported fill (sandy gravelly clays), Pleistocene 
sediments (silty sands, sandy clays), Holocene sediments (sands and sandy clays) and 
Permian sandstone underlain by Permian sandstone and shales, late Permian igneous rocks 
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and Holocene sediments (sands and sandy clays). Previous investigations have drilled to a 
maximum depth of approximately 12 m bgl. 

In general, the drilling conducted during this DSI confirmed the geology presented in previous 
reports. A discussion of the site geology encountered during the DSI is provided in Section 8.1. 

4.6 Hydrogeology 

4.6.1 Investigation information 

Groundwater monitoring wells from previous investigations have been installed into the upper 
aquifer (Holocene and Pleistocene sediments) and the lower aquifer (Permian sandstone) to a 
maximum depth of approximately 12 m bgl. Groundwater gauging has recorded groundwater 
between 0.15 m to 2.0 m bgl at the site. 

4.6.2 Groundwater and surface water use 

JBRF, HMAS Creswell and Wreck Bay Village are supplied with mains water from the Jervis 
Bay Water Treatment Plant, which sources water from Lake Windermere (see Section 2.4). As 
discussed in Section 2.3.2, water within the effluent pond is used for irrigation across HMAS 
Creswell. 

GHD conducted a Water Use and Biota Survey in July 2017 (GHD, 2017a) regarding 
groundwater and surface water use with the following results: 

 All respondents use mains supplied water for drinking purposes. 

 No groundwater wells were licenced for potable abstraction. 

 On occasion, some members of the community use surface water for drinking and 
recreational (swimming) purposes. 

Additional discussion in regards to the community survey is discussed in Section 4.10. 

4.6.3 Hydrogeological mapping 

Based on the geology and topography, groundwater beneath JBRF would be expected to flow 
seaward to either the north or south side of the plateau, aligning with the general flow path of 
nearby creeks. Groundwater beneath HMAS Creswell would be expected to flow to the 
north-east and north-west into Captains Lagoon and Flat Rock Creek, respectively. This was 
confirmed as part of the completion the DSI and discussed further in Section 8.2.4. 

JBRF and most of HMAS Creswell are founded on Permian sandstone. The Geoscience Map 
(Abell, R.S., 1992) reports that the aquifer potential in the sandstone is poor. This contrasts with 
the extensive groundwater storage in the Quaternary sands, west and south of JBRF. 

The groundwater regime on the Bherwerre Peninsula as described in The Geoscience Map 
(Abell, R.S., 1992), is determined by topography, underlying geology and stratigraphy. Lake 
Windermere and Lake McKenzie influence groundwater flow from the higher parts of the central 
peninsula, with flows to the west and south. As shown on Figure 4-3, the north and east sides of 
Lake Windermere and Lake McKenzie are up-gradient relative to the westward-directed regional 
groundwater flow in the vicinity of the lakes and these sides of both lakes are largely incised into 
lower permeability bedrock that does not allow significant groundwater discharge into the lakes.  
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In other words, the up-gradient sides of Lake Windermere and Lake McKenzie are sealed 
geologically by relatively impermeable bedrock. The west and south sides of the lakes are 
down-gradient relative to the westward-directed regional groundwater flow in the vicinity of the 
lakes and these sides are largely incised into higher permeability sand and gravel overburden 
that allows surface water in the lake to recharge groundwater. This surface water recharge can 
have a controlling effect on groundwater levels immediately down-gradient from the lakes 
(i.e., the surface water recharge may sustain groundwater levels to some degree hydraulically 
down-gradient from the lakes to the west and south, particularly when the surface water level in 
the lakes is high). 

Figure 4-3 indicates that a coastal discharge zone with groundwater seepage is present on the 
eastern portion of Summercloud Bay, west of Blacks Waterhole. Discussions with the Wreck 
Bay community indicates that there are springs within BNP after periods of heavy rain. 
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4.6.4 Hydrogeological conceptual site model 

Review of regional geological conditions, topographical data, site based groundwater elevation 
data (in existing wells and excavations) and surface water features (particularly the presence of 
highland plateau wetlands) has resulted in the following conceptual understanding of 
hydrogeological conditions within the Investigation Area: 

 The JBRF runway and associated facilities are located in an upland plateau, which 
generally represents the upper catchment in this area. Conceptually, upper catchment 
areas tend to be associated with groundwater recharge zones whereas lower catchment 
areas tend to be groundwater discharge zones. In this instance, discharge zones would be 
the incised valley systems or lowland coastal aquifers that ultimately discharge to the 
ocean. 

 Downward head gradients usually prevail in upland catchment systems as they are 
recharge zones, whereas groundwater head gradients are generally upward in discharge 
areas. This means that in upland areas streams are more likely to be losing streams 
whereas as, in lowland area streams (within the same groundwater catchment) are more 
likely to be gaining streams. 

 In JBT, this conceptual condition is more complicated as indicated by the presence of 
wetland systems (including the clay pools as per sample locations UN2_SW01 to 
UN2-SW05 on Figure 6-13) on the upper plateau area and shallow groundwater systems 
(that have been observed in test pits and in shallow groundwater wells). The shallow 
surface water and groundwater systems are expected to be due to the following 
hydrogeological conditions: 

– Topographic relief creating trapped or slow surface runoff on the plateau. 
– Relatively slow infiltration rates into the subsurface bedrock geology from the 

groundwater in the shallow late Pleistocene sands overlying the sandstone. 
 The potential presence of a confined system in the underlying sandstone does not appear 

plausible as an extensive up-gradient recharge area directing groundwater beneath the 
plateau is not present and the overlying sediments are considered to be too porous to act 
as a confining unit. 

 The shallow groundwater system on the plateau is expected to be recharged by rainfall, 
which subsequently discharges to surface wetland systems. The wetland systems then 
connect to surface water drainage flowing off the plateau into incised valley systems and to 
the coast (either to the north or south). Discharge may also occur as seeps or stream 
discharge in the upper catchment where this aquifer is truncated on the edges of the 
plateau. 

There will be some slow vertical leakage into the bedrock underlying the shallow aquifer 
systems, however based on the conceptual conditions (i.e., the presence of a shallow aquifer 
system in a sand aquifer) this is expected to be a relatively small amount. 

A deeper, more regional aquifer will develop on the jointed and fractured bedrock which will 
subsequently discharge to streams, coastal Quaternary aquifers and/or as seeps where joints 
and fractures become exposed further down the catchment. 

When applying the above conceptual conditions to stream flows it is expected that: 

 Streams will generally be gaining streams across the plateau as they receive water from 
the shallow sand aquifer systems. Surface flow in sand aquifers is usually a surface 
expression of groundwater, however there may be short periods where rainfall occurs after 
an extended dry period where surface water does recharge groundwater in these areas. 
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 There will be potential for losing streams to develop within the steeply incised valleys,
although surface water runoff in these areas can be expected to be rapid and therefore
reduced potential for losses to groundwater. Discharge in areas of exposed jointing and
fracturing from the bedrock aquifer system may also result in small gains in flows.

 The streams would then be expected to become gaining streams again in lowland coastal
areas as discharge from the deeper bedrock aquifer occurs.

4.7 Heritage 

All areas of JBT have the potential to contain artefacts of Aboriginal heritage significance. The 
Aboriginal community of Wreck Bay is located south of JBRF and HMAS Creswell, and the 
Jervis Bay area is of high heritage and cultural significance to this community. 

Booderee is home to the Yuin and Koori people of Wreck Bay. The Wreck Bay settlement was 
established by Koori (Aboriginal) people in the early 1900s. Koories favoured the area because 
of strong traditional and cultural ties, proximity to both the bush and the sea for the collection of 
food and other resources, and distance from non-Aboriginal settlements (Renwick, 2000). Two 
Aboriginal sites are located on HMAS Creswell and seven recorded sites on JBRF (Gooden 
Mackay Logan, 2006), however it is possible that additional Aboriginal sites will exist within BNP 
and Wreck Bay 403 lands. 

GHD engaged with the Wreck Bay Aboriginal community prior to and during the DSI offsite field 
works and data collection. This included seeking community input via a survey (GHD, 2017a) on 
the community water use and biota consumption within the offsite areas. This included engaging 
Wreck Bay cultural advisors to accompany GHD staff to various sampling locations as well as 
providing advice on culturally sensitive locations where access was not possible. At the time of 
preparing this report there was no additional information on Aboriginal sites within the 
Investigation Area that could be documented. 

GHD conducted a review of the heritage information of the Department of Infrastructure, 
Regional Development and Cities (DIRDC, formerly the Department of Infrastructure and 
Regional Development [DIRD]) website on 9 March 2017 and the following information was 
presented: 

 JBT is listed on the Commonwealth Heritage Register under a number of entries:

– Cape Street George lighthouse ruins and curtilage Stony Creek Road
– Christians Minde settlement, Ellmoos Road
– Jervis Bay Botanic Gardens, Caves Beach Road
– Jervis Bay Territory, Jervis Bay Road
– Royal Australian Naval College, College Road

Each listing is subject to the provisions of the Environment Protection and Biodiversity 
Conservation Act 1999 (the EPBC Act) which covers development and management of the 
listings. Additionally, the now frozen Register of the National Estate covers: 

 Wreck Bay Aboriginal land Grant Wreck Bay Road

 Jervis Bay Nature Reserve (former), Jervis Bay Road

 Bowen Island

Figure 4-6 provides details of the locations of these places of heritage significance.

Registered places may be protected under the EPBC Act if they are also included in another 
Commonwealth statutory heritage list or are owned or leased by the Commonwealth. 
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4.8 Ecology 

4.8.1 Terrestrial ecology 

JBRF and HMAS Creswell are surrounded by BNP (Figure 1-1). Flora and fauna surveys have 
been conducted at the site and surrounding bushland areas ( (Biosis, 2015) and (SKM, 2006)). 
The area has been described as predominantly open forest and woodland at HMAS Creswell 
(55.4% of the site), and dry heath scrubland at JBRF (45.7% of the site) (SKM, 2006). The 
remaining habitats include wet heath/sedgeland, ponds, wetlands, and maintained areas (the 
latter accounting for 33.1% of the site at JBRF). The Atlas of Living Australia database was 
consulted to identify species identified within a 5 km radius of the Jervis Bay runways. This 
information was used to develop the biological component of the SAQP, and for ecological food 
webs and selection of indicator species relevant to the ERA. Additional information regarding 
species of interest can be found in the SAQP (GHD, 2018b) and within the ERA (in 
development at the time of reporting). 

Both the EPBC Act and NSW Biodiversity Conservation Act 2016 (BC Act) were consulted to 
identify threatened species and endangered ecological communities known or predicted within a 
5-km radius of the site. The EPBC Act is the Australian Government’s environmental legislation 
to protect and manage species of national and international significance. The BC Act provides 
the environmental legislation for classifying and protecting threatened species within NSW. 

4.8.2 Aquatic ecology 

HMAS Creswell is located within a Special Purpose Zone of the JBMP (Figure 4-7). Jervis Bay's 
clear waters are largely due to the joining of warm water from the East Australian Current and 
cooler water from the Bass Strait. With periodic upwelling of cold, nutrient-rich waters from the 
nearby Continental Shelf, these combined currents flow clockwise around the bay, completely 
flushing it out every 24 days or so (DPI, 2018). Landforms provide a variety of habitats including 
deep water, cliffs, exposed and sheltered sandy beaches, rock platforms, rocky reefs, 
soft-sediment bottoms, kelp forests, small estuaries, expansive seagrass meadows, mangrove 
forests and open ocean (DPI, 2018). The region supports over 230 algae, hundreds of 
invertebrate species and over 210 reef fish species, and sharks, rays, many marine mammals, 
birds and reptiles, including several threatened species. Aboriginal people have had strong ties 
to the Jervis Bay area over thousands of years and many culturally significant Aboriginal sites 
exist within JBMP (DPI, 2018). 

Two creeks discharge to Jervis Bay in close proximity to HMAS Creswell. Captains Creek runs 
in a north-easterly direction from JBRF before running parallel to the beach. The creek forms a 
natural lagoon, which opens to the sea periodically and contains both estuarine and freshwater 
zones. Flat Rock Creek is ephemeral at its headwaters, running north into a large swamp before 
running east into an estuary parallel to Hyams Beach and the golf course at HMAS Creswell. 

The freshwater zone of Flat Rock Creek is dry for the majority of the year, and the estuary is 
open to the sea permanently, resulting in tidal fluctuations in the lower reaches of the creek. The 
estuarine environments of both Flat Rock Creek and Captains Lagoon provide important 
nursery habitat for juvenile marine and freshwater fish species. 

JBRF is located adjacent to the 403 lands of the Wreck Bay Community. The main watercourse, 
Mary Creek runs south to Mary Bay, with its headwaters originating at JBRF. The creek is 
characterised by bedrock and boulders, forming a number of cascades and waterfalls along its 
flow path, before reaching a short estuary that opens to the sea regularly. To the east of the 
community, Summercloud Creek flows from BNP through a series of pool and riffle sequences 
before entering an estuary that is regularly open to the sea at Summercloud Bay. 
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The freshwater areas of Summercloud Creek and Mary Creek provide extensive habitat for 
small fish and a variety of crustaceans and macroinvertebrates. The closed canopies of both 
creeks and hard substrates have not allowed for the establishment of sedges or submerged 
macrophytes, with the riparian zone consisting of grasses, mosses and ferns The connection of 
both creeks to an estuary allows for a number of catadromous fish (life cycles that include 
reproduction in saltwater) such as eels to move between both areas, but there are physical 
barriers to the movement of larger fish in the form of cascades that separate salt and 
freshwaters in both waterways. The estuary within both creeks allows for juvenile marine 
species to feed and grow in the protected waters. Summercloud Creek, being longer, deeper 
and having greater connection to the ocean appears to be inhabited by a larger number of 
marine fish species, as well as benthic invertebrates such as polychaete worms, yabbies and 
pipis. 

The unnamed pools directly south of JBRF are home to a large population of eastern long-neck 
turtles, as well as dense communities of rushes and sedges. The area contains permanent 
water, and so also contains a variety of macroinvertebrates such as dragonflies, caddisflies and 
water skaters. 

4.8.3 Threatened ecological communities 

Three listed Threated Ecological Communities were identified in the EPBC Act Protected 
Matters Report generated on April 30, 2018. These occur or are likely to occur within 5 km of 
JBRF and include: 

 Illawarra and South Coast Lowland Forest and Woodland 

 Littoral Rainforest and Coastal Vine Thickets of Eastern Australia 

 Coastal Swamp Oak (Casuarina glauca) Forest 

Seven additional threatened ecological communities were identified in the NSW BC Act which 
occur or are likely to occur within 5 km of JBRF and include: 

 The Bangalay Sand Forest of the Sydney Basin and South East Corner bioregions 

 The Coastal Saltmarsh in the NSW North Coast, Sydney Basin and South East Corner 
Bioregions 

 Freshwater Wetlands on Coastal Floodplains of the NSW North Coast, Sydney Basin, and 
South East Corner Bioregions 

 The Milton Ulladulla Subtropical Rainforest in the Sydney Basin bioregion 

 The River-flat Eucalypt Forest on Coastal Floodplains of the NSW North Coast, Sydney 
Basin, and South East Corner Bioregions 

 The Swamp Sclerophyll Forest on Coastal Floodplains of the NSW North Coast, Sydney 
Basin, and South East Corner Bioregions 

 The Themeda Grassland on Seacliffs and Coastal Headlands Bioregion 

4.8.4 Threatened flora and fauna 

Flora 

Eleven threated flora species were identified by the EPBC Act Protected Matters Report and 
31 threatened flora species were identified per the BC ACT as of April 30, 2018. Additional 
details are provided in the PSI and SAQP (GHD, 2018b) and within the ERA (in development at 
the time of reporting). 
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Fauna 

One hundred and forty two threatened and/or migratory fauna species are known or expected to 
be present within 5 km of JBRF in either marine, freshwater, or terrestrial habitats. Fifty four 
migratory species were identified within 5 km of JBRF, 29 of which are also threatened species. 
Full details are provided in the PSI and SAQP (GHD, 2018b) and within the ERA (in 
development at the time of reporting). 

4.8.5 Bush food 

The Booderee Indigenous people utilise bush foods for both medicinal and food sources, 
targeting berries, leaves, tubers, flowers, seeds, nectars and roots (Renwick, 2000). Several 
plant species are targeted for their healing properties including bracken (Pteridium esculentum) 
roots used to aid itches and stings from insects, sarsaparilla (Smilax glyciphila) leaves which are 
boiled in tea to relieve the symptoms of colds and flu. Several varieties of berries are targeted 
seasonally, including wombat berry (Eustrephus latifolius), water vine (Cissus hypglauca), lilly 
pilly (Acmena smithii), pigface (Carpobrotus glaucescens) and several species of geebungs 
(Persoonia sp.). Members of the Wreck Bay community also use a variety of roots, flowers and 
tubers in cooking including mat rush (Lomandra longifolia) seeds for flour, heath-leaved banksia 
(Banksia ericifolia) flowers in teas and as a sweetener and bracken leaves used to wrap food 
and preserve flavour. Native animals such as kangaroos, possums and echidnas were also 
historically targeted when in abundance. 

Past and present practices include the foraging of crustaceans such as oysters (Saccostrea 
glomerata, Ostrea angasi), muttonfish (abalone, Haliotis rubra), conches (Pyrazus ebeninus), 
pipis (Donax deltoides) and mussels (Mytilus sp.) collected at low tide. Members of Wreck Bay 
Village are known to target mullet (Mugil cephalus), whiting (Sillago ciliata), bream 
(Acanthopagrus sp.), salmon (Arripis trutta) and tailor (Pomatomus saltatrix) using net-fishing 
methods and commonly catch blue groper (Achoerodus viridis) and squid (Sepioteuthis 
australis) off the rocky shoreline. 

Significant effort was made during field works to collect and analyse flora and fauna of 
relevance to the local communities. Those species targeted and collected for analysis are 
summarised in Sections 6.4.13, 6.4.14, and 6.4.15. GHD will continue to liaise with the local 
community to strengthen its existing understanding of the aquatic and terrestrial flora and fauna 
used to ensure potential exposure pathways are appropriately considered in the development of 
the HHRA. 

4.8.6 Defence and National Park sponsored non-native species 
management 

Both Defence and BNP manage non-native species such as rabbits, rats and foxes, either by 
shooting or baiting programs (including calcivirus (rabbit haemorrhagic disease virus), sodium 
fluoroacetate (1080 poison and standard rat baits) when populations in the region are of 
concern. 

4.8.7 Introduction of Quolls 

In a combined project with Parks Victoria, Rewilding Australia, Australian National University 
and the Wreck Bay Aboriginal Community Council (WBACC), the release of 20 eastern quolls 
(Dasyurus viverrinus) was undertaken at five sites along St Georges Head peninsula, a more 
remote area within BNP, away from the Investigation Area. 

The eastern quoll has not been seen on the mainland for 50 years and the reintroduction of the 
species represents a significant change in the food web. National parks are hoping the species 
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will breed and disperse and if the initial introduction is successful a further 80 will be released 
over a period of 4 years. 

Eastern quolls weigh up to 1.3 kg and will eat spiders, cockroaches and rabbits and represent a 
new higher order predator that in the absence of foxes and wild dogs will be the top predator 
within BNP. 

4.9 Marine fishing 

JBMP is a protected area, with habitat protection zones and general purpose zones allowing for 
recreational fishing, and sanctuary zones where no fishing is allowed. HMAS Creswell exists 
along a “special purpose zone”, which allows for recreational fishing (with a NSW fishing 
licence), including line fishing, trapping, spear fishing, and netting using scoop, landing, scissor, 
or hoop nets, collecting recreational bait (species restrictions apply) and hand gathering pipis 
and beach worms, spanner crab netting, crab trapping, lobster trapping, and fish and eel 
trapping commercially (DPI, 2018). Just beyond the special purpose zone is the Hyams Beach 
sanctuary zone, where collection of all biota is prohibited, unless fishing from the beach. Fishing 
from boats within 50 m of the coastline directly adjacent to HMAS Creswell is also prohibited, 
with large signs in place along the break wall. 

Additionally, part of the near-coastal waters surrounding HMAS Creswell fall inside the 
Commonwealth Waters of BNP. These marine zones, as well as the more common species 
present throughout the region, are presented on Figure 4-7. 

Jervis Bay is a popular recreational fishing destination with a diverse range of species targeted 
and consumed by local and visiting anglers. Most commonly targeted species using line from 
land and watercraft include mulloway, bream, flathead, whiting, luderick, tailor, snapper and 
squid. Pelagic fish such as marlin, kingfish and tuna are targeted from rock platforms adjacent 
to and on the north side of Point Perpendicular and by boat outside Jervis Bay. 

Jervis Bay is categorised as 'estuary' waters and only estuary general and ocean hauling 
fisheries can occur inside the bay. The remaining fisheries are restricted to the 'ocean' waters at 
the entrance to and outside Jervis Bay. The commercial fishing operations within Jervis Bay and 
Wreck Bay are reflected in Table 4-1. 

Wreck Bay to the south exists within a habitat protection zone. The same fishing restrictions 
apply to this area as the HMAS Creswell special purpose zone, with the addition of a ban on 
beach hauling/garfishing and lift netting of bait for commercial fishing. 
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Table 4-1 Licenced Commercial fishing Activity 

Type Target species (Common Name) Areas Human Consumption 
Beach haul 
(net) 

Mullet, Mulloway (Argyrosomus 
sp.), Bream, Flathead 
(Platycephalus sp.), Whiting, 
Luderick (Girella tricuspidata), 
Tailor, Squid, Snapper (Pagrus 
auratus) 

Callala Beach 
Callala Bay 
Long Beach 

Yes 

Ocean 
Haul (net) 

Pilchard (Sardinops sp.), 
Whitebait (Ambassis 
jacksoniensis) 

Jervis Bay all areas 
(excluding 
Sanctuary & 
Booderee zones) 

Yes 

Estuary 
General 
(hand line) 

Mullet, Mulloway, Bream, 
Flathead, Whiting, Luderick, 
Tailor, Squid, Snapper, Kingfish 
(Seriola lalandi) 

Jervis Bay all areas 
(excluding 
Sanctuary & 
Booderee zones) 

Yes 

Purse 
seine (net) 

Slimy mackerel (Scomber sp.), 
yellowtail, scad (Trachurus 
novaezelandiae) Pilchard, 
Whitebait, Bonito (Sarda 
australis), salmon 

Entrance to Jervis 
Bay 

No 

Beach haul 
(net) 

Mullet, Mulloway, Bream, 
Flathead, Whiting, Luderick, 
Tailor, Snapper 

Wreck Bay Yes 

Pipi 
collection 

Pipi Bherwerre beach Yes (Subject to 
water quality testing) 
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4.10 Community supplied information 

A summary of GHD’s community Water Use and Biota Survey report (GHD, 2017a) is presented 
in Table 4-2. The purpose of the survey was to obtain information from local residents about 
water and land use at their properties and across the Investigation Area to inform the scope of 
the DSI and as a basis for the CSM and HHERA. The results of the survey was based on the 
following: 

 23 people who live and/or use water within the Investigation Area were surveyed between 
19 June and 27 June 2017. 

 14 members of the Wreck Bay community were interviewed at community events on either 
9 or 11 July 2017, with nine new surveys completed, and coloured aerial maps of the 
Investigation Area to allow residents to place coloured coded dots to visually demonstrate 
how and where they have interacted with land and water in this area. 

Other information on use of plants and animals gained during interactions with the Wreck Bay 
Community (through cultural advisors or community information sessions) has also been 
provided in Table 4-2. Due to the sensitive nature regarding cultural knowledge, and the sharing 
of information between the cultural supervisors and some staff from GHD, the additional 
information gathered during the completion of the DSI (Table 4-2) has been discussed in 
general terms only. 

The results of the Water Use and Biota Survey report (GHD, 2017a) and community interactions 
as relevant to the HHERA will be reported further within the HHRA and ERA reports.  

Table 4-2 Summary of community survey and more recent community 
interactions 

Media Key findings Additional information 
gathered during community 
interactions as part of DSI 

Land use Most respondents resided in Jervis Bay 
Village or Wreck Bay Village. Some worked 
at the Jervis Bay Village Primary School, 
general store, Australian Federal Police 
Station or JBTA office. 

Extended family of the Wreck 
Bay community live in nearby 
villages such as Erowal Bay 
and St George’s Basin, a 
number of whom work for 
BNP and regularly visit 
403 lands to gather food or 
participate in cultural 
practices. 

Potable water All respondents used mains supplied water. - 
Groundwater No respondents had groundwater 

boreholes located on their properties. 
- 

Surface water Water in Lake McKenzie, Lake 
Windermere, Mary Creek, Blacks 
Waterhole, Summercloud Creek, and 
Green Patch Lagoon were used for 
drinking, cooking, washing and swimming; 
and Captains Lagoon for swimming. 
The primary school collected rainwater for 
watering its vegetable garden. 
Fishing across BNP occurs most frequently 
in Captains Lagoon, Lake McKenzie, 
Summercloud Creek, and Mary Creek. 
One respondent (Village Road) had a pond 
on their property filled using tap water. 
 
 

- 
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Media Key findings Additional information 
gathered during community 
interactions as part of DSI 

Marine water Swimming in Jervis Bay and Wreck Bay. 
Fishing in all beaches around Jervis Bay 
and Wreck Bay. 

- 

Soil/sediments Clay has been consumed and used as 
sunscreen, rubbing into sores, ceremony, 
playing from soils/sediments within BNP in 
areas including clay pits on Village Road, 
Bay Road, Summercloud Beach, Mary 
Beach, and lagoons near JBRF. 

- 

Terrestrial 
fauna 

No respondent indicated that they ate 
fauna from BNP, however they indicated 
that historically echidna, kangaroo, 
possum, rabbits, and birds had been 
collected for consumption. 
The survey has indicated that some 
members of the community historically 
reared chickens for eggs but this no longer 
occurs. Pet sheep are also housed but 
these were not eaten. 

One member of the 
community kept chickens for 
eggs. 

Terrestrial flora Flora collected across BNP includes 
geebungs, berries, lilly pilly fruit, pigface, 
passionfruit, sarparilla, five corners and 
other (non-specified). 
The respondents reportedly ate the various 
home grown produce including: beans, 
lettuce, leeks, potatoes, citrus including 
oranges and mandarins, cucumbers, 
tomatoes, corn, watermelon, carrots, 
pumpkins, herbs, strawberries, chillies, 
limes and peaches.  
 

Banksia flowers are used as 
a sweetener, and are often 
swirled in hot water to make 
a sweet tea. Children from 
the community also consume 
the nectar from the banksia 
tree when they are flowering. 
Lilly pilly fruit trees were 
sampled from the Jervis Bay 
Primary School, near the 
police station, and from a 
residential property. 

Freshwater 
fauna 

Fauna consumed from fishing included bait 
fish, crayfish and others (non-specified). 

Eels used to be caught and 
smoked before being 
consumed. No longer a 
common practice, and the 
location could not be 
confirmed by the community. 

Freshwater 
flora 

None were noted by respondents. Water lilies are used for 
medicinal purposes. 

Marine fauna Fauna consumed from fishing included 
pipis, periwinkles, whiting, lobsters, 
flathead, bream, mullet, squid and others 
(non-specified). 

Groper and other wrasses 
are caught and consumed 
regularly off the rocky areas 
of Wreck Bay. Snapper and 
kingfish are caught further 
from the shore, usually by 
boat. 

Marine flora None were noted by respondents. - 

During the WBACC Board meeting held on 1 August 2018 where GHD and Defence discussed 
the results of the sampling program, anecdotal evidence was provided by the community 
regarding the previous application of fire fighting foam to the basketball court as part of a fire 
fighting demonstration. The basketball court is located adjacent (to the north) of the lilly pilly 
trees that were sampled as part of the DSI (sample location VG_TS07 on Figure 6-11). There 
was no further information to substantiate that this activity occurred, and furthermore there was 
no information on the type of foam, when the activity occurred or who performed the 
demonstration.  



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 48 

5. Data quality objectives 
5.1 Data quality objectives framework 

Development of data quality objectives (DQOs) for the investigation was based on guidance 
presented in the NEPC National Environment Protection (Assessment of Site Contamination) 
Amendment Measure 2013 (No 1) (NEPC, 2013). The DQO process comprises the following 
seven steps: 

 Step 1: State the problem 

 Step 2: Identify the principal study question 

 Step 3: Inputs to the decision 

 Step 4: Boundaries of the study 

 Step 5: Decision rules 

 Step 6: Tolerable limits on decision errors 

 Step 7: Optimisation of the data collection process 

5.2 Context of the data quality objectives 

The DQOs prepared for the Phase I DSI (GHD, 2018b), were broad in nature, reflective of the 
early stage of the investigation and the information and data available at the time relating to the 
presence of PFAS in the environment and the characteristics of the site and Investigation Area. 
As further information and data became available to GHD throughout implementation of the DSI 
fieldwork, the DQOs were refined to better reflect specific data gaps and uncertainties identified. 
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5.3 Consolidated data quality objectives 

In light of the context provided in Section 5.2, the DQOs presented in Table 5-1 are a 
consolidation of the DQOs identified during the DSI. 

Table 5-1 Consolidated data quality objectives  

DQO and Sub-item Description 
Step 1: State the problem 
Problem description The historical use, storage and waste management of legacy AFFF 

containing PFAS at JBRF and HMAS Creswell has contributed to soil, 
sediment, surface water, groundwater and biota impacts on and off site. 
The overarching problem addressed by the DSI was to evaluate the nature, 
extent and magnitude of PFAS impacts onsite and within the Investigation 
Area and the level of risk posed to human and ecological receptors. 
More specifically, the primary objectives of the DSI were to: 
 Understand site characteristics such as soil types, geology, drainage 

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

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

 Provide data to support refinement of the CSM. 
 Provide data to inform PFAS fate and transport modelling including 

geological, hydrological and hydrogeological data and PFAS 
concentrations in soil, surface water and groundwater. 

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

 Provide information to assist in evaluating suitable contamination 
management and remedial options. 

Identify members of 
the planning team 

The project team structure is outlined as follows: 
Role Name 
Client Department of Defence 
Consultant GHD Pty Ltd 
Site Auditor Amanda Lee, AECOM 
Underground service location Costal Cable locator 

Soil boring and groundwater 
monitoring well installation  

Terratest 

Registered surveyor Engineering Survey Group (ESG) 

Primary Laboratory – soil, 
concrete, sediment, surface 
water, groundwater and biota 
analysis 

Australian Laboratory Services 
(ALS) Environmental 

Secondary Laboratory - biota Australian Government National 
Measurement Institute (NMI) 

Secondary Laboratory – soil, 
concrete, sediment, surface 
water and groundwater 

Eurofins mgt 

 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 50 

DQO and Sub-item Description 
Specify available 
resources and 
constraints 

GHD nominated a project team of suitably trained and experienced 
personnel, with relevant Defence and Base required clearances, with the 
capacity required to complete the investigation. 
Works carried out airside required close liaison with the JBRF Airside 
Engineer. Some fieldwork had to be completed outside of normal working 
hours in order to access specific airside test locations, this was also 
applicable to the assessment of the sewer (GHD, 2018c). 
In a few instances, the choice of sampling locations was influenced by the 
presence of underground services, land access and surface waters. 
Notwithstanding, it is considered the locations sampled have provided a 
robust, representative and reliable dataset. 
Timeframes of the investigation were governed by commitments to 
stakeholders, including the Permit for the work on 403 lands and BNP, 
which took a period of 6 months to obtain (August 2017 to February 2018), 
with initial discussions around access commencing in April 2017. 

Develop a 
conceptual site 
model (CSM) 

A preliminary CSM was developed at the PSI and SAQP stage of the 
investigation (GHD, 2018b). 
Based upon the data obtained during the DSI, an updated CSM has been 
developed and is presented in Section 13. 

Step 2: Identify the decision 
Identify the 
principal study 
questions 

The sampling design for the DSI initially aimed to resolve the following 
broad principal study questions: 
1. What is the status of PFAS in soil, sediment, surface water and 

groundwater, and biota at the site and Investigation Area? 
2. Has PFAS migrated offsite and is it present in groundwater or other 

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

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

Based upon the data gaps and uncertainties identified at completion of the 
PSI and other information obtained during the course of the investigation, a 
more refined set of principal study questions were developed. The sampling 
design of the DSI aimed to resolve each of these questions: 
4. By what means has PFAS migrated from JBRF to Jervis Bay (via 

HMAS Creswell)? 
5. Has PFAS impacted the drinking water supply for JBT (via the 

western lakes)? 
6. By what means has PFAS migrated beyond the southern site 

boundary of JBRF to Wreck Bay (via Mary Creek or Summercloud 
Creek)? 

7. What is the extent of impact to concrete hardstand within AECs A 
and C which could be acting as a secondary source of ground and/or 
surface water contamination? 

8. What is the extent of soil impact within the AECs, and what is the 
mass of soil which could be acting as a secondary source of ground 
and/or surface water contamination? 

9. What is the interaction between groundwater and surface water 
across the Investigation Area, and what is the groundwater flow 
direction across the Investigation Area? 

10. Is the regional deeper groundwater aquifer impacted by PFAS, and is 
this connected to Lake Windermere and Lake McKenzie? 

11. Has PFAS impacted groundwater migrated to the Bherwerre Barrier? 
12. What is the geology of the deeper aquifer underlying JBRF and is 

there a vertical difference in PFAS concentrations in the aquifer? 
13. Has surface water runoff from JBRF and HMAS Creswell contributed 

to the PFAS impacts identified in offsite surface waters? 
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DQO and Sub-item Description 
14. Has PFAS migrated into the marine areas of Jervis Bay or Wreck 

Bay? 
15. What ecological receptors are present within the conservation and 

native bushland areas of the Investigation Area where PFAS has 
been identified? 

16. Has home grown produce, or other forms of biota that are consumed 
by the local community, been impacted via uptake of PFAS from 
impacted soil, sediment, groundwater and/or surface water? 

17. Have terrestrial ecological receptors been exposed to PFAS? 
18. Have aquatic (freshwater and estuarine) ecological receptors been 

exposed to PFAS? 
19. Have aquatic (marine) ecological receptors been exposed to PFAS? 
20. Are there fluctuations of PFAS concentrations within groundwater 

and surface water following wet weather events? 
21. What is the behaviour (i.e., fate and transport) of PFAS in ground and 

surface water? 
The proposed approach to resolve each question is detailed within 
Table 6-3 and Table 6-4. 

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

Where PFAS levels in soil, sediment, surface water, groundwater or biota 
have exceeded relevant assessment levels or are significantly greater than 
background levels then a detailed risk assessment will be undertaken. The 
results of the risk assessment will inform the requirement for management 
or remediation. 
Given the uncertainty associated with many of the published assessment 
levels, a weight of evidence approach is adopted in the evaluation of the 
analytical data obtained during the DSI. This evaluation has been 
undertaken considering all of the potential PFAS exposure pathways 
identified for each individual scenario in the CSM (Section 13). Additional 
comments specific to the assessment levels adopted for individual media 
are provided in Section 7.2. 

Step 3: Identify the inputs to the decision 
Identify the 
information that will 
be required to 
resolve the decision  

The proposed approach to resolve each of the principal study questions 
outlined in Step 2 was detailed in the PSI and SAQP (GHD, 2018b) and is 
summarised in Section 6. 
The approach to resolving each of these questions generally involved the 
collection of soil, sediment, groundwater, surface water and biota data (both 
field and analytical) as appropriate, hydrogeological modelling and a 
detailed human health and ecological risk assessment. 

Determine the 
sources for each 
item of identified 
information 

Information was sourced from: 
 Defence and Base personnel. 
 Previous reports as discussed in Section 3.1. 
 Various publicly available online data bases (mostly government 

owned) for geology, hydrology, groundwater use, ecology and site 
history. 

 Field and analytical results from the DSI works. 
Identify the 
information needed 
to establish the 
assessment levels 

The basis for adoption of assessment levels is discussed in Section 7. 
Where an assessment level for a given analyte or media was not available, 
results were reviewed against ambient background concentrations at the 
site or other available published data. 
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DQO and Sub-item Description 
Confirm that 
appropriate 
analytical methods 
exist to provide the 
necessary data 

The laboratories used for analysis throughout the investigation possess 
National Association of Testing Authorities (NATA) accreditation for the 
analyses conducted. The only exception to this was for biota analysis as, at 
the time of planning for the sampling and analysis program, there were no 
Australian laboratories that were NATA accredited for biota analysis. ALS 
obtained NATA accreditation prior to the commencement of the biota 
analytical program, and were used as the primary laboratory, with 
secondary inter laboratory duplicates analysed by NMI. NMI is a recognised 
laboratory with a variety of internal quality assurance/quality control 
(QA/QC) procedures (described below) to validate results and on this basis, 
the analysis was considered suitable to meet the objectives of the DSI.  

Step 4: Define the study boundaries 
Specify the 
characteristics that 
define the 
population of 
interest 

The population of interest consisted of the concentrations of PFAS in the 
media sampled including soil, sediment, surface water, groundwater and 
biota onsite and offsite originating from historical use of legacy AFFF at the 
site. 

Define the spatial 
boundaries of the 
decision 

The lateral extent of the site, as presented on Figure 1-1, is defined in 
Section 2. 
Additional to onsite investigations within the identified potential AECs and 
onsite pathways (i.e., drainage system), offsite pathways and receptors also 
formed part of the DSI. Locations of these offsite sampling points were 
defined based on potential drainage lines and receptors down gradient from 
the site. 
The vertical extent of the investigation was a maximum of 35 m bgl at deep 
groundwater monitoring wells.  

Define the temporal 
boundaries of the 
decision 

The DSI was completed in two stages as follows: 
 Stage 1 – onsite field investigations between April 2017 and 

October 2017. 
 Stage 2 – primarily offsite investigations between February 2018 and 

May 2018, over the broader Investigation Area, with some additional 
onsite investigations. 

It is noted that the biota sampling program was undertaken entirely within 
the Stage 2 field investigation program, and further details on the program 
of works is presented in Section 6.2. 
Field investigations to assess the influence of wet weather events (after 
25 mm in a 24-hour period where practicable and safe) were targeted at 
catchments / water courses, so that data for each event was considered 
representative of contamination migration at that time. Two events were 
undertaken as shown on Figure 4-1. 
GHD considers that the locations that were sampled during each wet 
weather event have provided a robust, representative and reliable dataset.  

Define the scale of 
decision making 

The rationale behind the sampling design for the DSI was provided in the 
SAQP (GHD, 2018b). 

Step 5: Develop a decision rule 
Specify the 
statistical 
parameter that 
characterises the 
population of 
interest 

Reported concentrations of the key PFAS; PFOS, PFHxS and PFOA (for 
which relevant assessment levels have been derived), have been used to 
characterise the nature, extent and magnitude of PFAS impact at the 
sources, pathways and receptors. 
Where required, summary statistics were generated as per Table 8 of 
Schedule B2 of ASC NEPM (NEPC, 2013). 
Nominated laboratory LORs are below PFAS assessment levels outlined in 
Section 7. 

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

The data obtained during the DSI included PFAS detections above the 
adopted assessment levels discussed in Section 7. These elevated 
concentrations indicate the need for more detailed human health and 
ecological risk assessment. 
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DQO and Sub-item Description 
Step 6: Specify limits on decision errors 
Determine the 
possible range of 
the parameter of 
interest 

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

Decision errors Two types of decision errors are possible: 
 Sampling errors that occur when the sampling program does not 

adequately detect the variability of a contaminant from point to point 
across the site (i.e., the samples collected are not representative of the 
site conditions). 

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

To minimise the potential for decision errors, the following data quality 
indicators (DQIs) were adhered to: completeness, comparability, 
representativeness, precision and accuracy. An evaluation of the quality of 
the data obtained during the DSI with respect to these DQIs is provided in 
Appendix D. 
There are two main types of decision errors that may occur during the 
investigation process: 
Type I: Concluding that the site is contaminated when it is not. This may 
result in unnecessary expenditures for management, further investigation 
and/or remediation. 
Type II: Concluding that the site is not contaminated when it is. This may 
result in impact to human health and the environment.  

Step 7: Optimisation of the data collection process 
The DSI was prepared with regard to various guidelines relevant to assessment of contamination, 
and specifically PFAS contamination, as summarised in Section 1.5. 
Furthermore, to maintain the integrity and reliability of the data the following measures were 
adopted: 
• Potential PFAS sources were established to the extent practical with consideration to existing 

information, investigations conducted by others and information provided by Defence and 
Base personnel and surrounding community members. 

• Field and analytical data was collected in accordance with the SAQP (GHD, 2018b). 
• GHD field personnel were trained and had sufficient experience to complete the fieldwork to 

an acceptable standard. 
• Robust field and laboratory QA/QC protocols were adopted as outlined in Appendix D. 
• NATA accredited laboratories were used for all analyses including the use of suitable 

laboratory LORs. 
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6. Sampling analysis and quality plan 
6.1 Sampling design documents 

The DSI included a program of on and offsite soil, concrete, sediment, pore water, surface 
water, groundwater and biota sampling and analysis carried out in accordance with the 
sampling design and methods presented within the following Site Auditor approved documents: 

 (GHD, 2018b)- Jervis Bay Range Facility & HMAS Creswell Preliminary Site Investigation 
Sampling, Analysis and Quality Plan - Rev 3.0. GHD 7 February 2018. 

6.2 Program 

A summary of the program of works for the DSI is provided in Table 6-1 for the abiotic sampling 
and Table 6-2 for the biota field program. 

Table 6-1 Program of works – Soil, Sediment, Surface water and 
Groundwater 

Activity Dates Organisation 

Onsite 
Underground service 
location 

17 April 2017 GHD 
Coastal Cable 
Locators 

Drilling of boreholes, soil 
sampling and groundwater 
monitoring well construction 

Groundwater well installation (Round one): 
18 to 28 April 2017 

GHD 
Terratest 

Hand auguring 10 to 13 April 2017 
18 to 21 April 2017 
26 to 27 April 2017 
2 to 5 April 2017 

GHD 

Surface water sampling Round one: 10 to 13 April 2017 (Dry) 
Round two: 18 to 20 April 2017 (Dry) 
Round three: 17 October 2017 (Dry) 
Round five: 30 April to 1 May 2018 (Wet) 
Round six: 14 to 17 May 2018 (Wet) 

GHD 

Groundwater well 
development 

Following construction GHD 

Groundwater sampling Round one: 28 April to 1 May 2017 (Dry) 
Round three: 2 to 3 May 2018 (Wet) 

GHD 

Sediment sampling Round one: 10 to 13 April 2017 (Dry) 
Round two: 18 to 20 April 2017 (Dry) 
Round four: 30 April to 1 May 2018 (Wet) 
Round five: 14 to 17 May 2018 (Wet) 

GHD 

Sewer network 
investigation 

See JBRF & HMAS Creswell Sewer 
Network PFAS Investigation (GHD, 2018c), 
March 2018. 

GHD 

Offsite 
Offsite cultural induction 19 March 2018 GHD 

Terratest 
Coastal Cable 
Locators 

Underground service 
location 

19 March 2018 GHD 
Coastal Cable 
Locators 
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Activity Dates Organisation 
Drilling of boreholes, soil 
sampling and groundwater 
monitoring well construction 

Groundwater well installation (Round two): 
19 to 26 March 2018 
3 to 6 April 2018 

GHD 
Terratest 

Surface water sampling Round three: 27 July 2017 to 
25 August 2017 (Dry) 
Round four: 19 March to 6 April 2018 (Dry) 
Round five: 30 April to 1 May 2018 (Wet) 
Round six: 14 to 17 May 2018 (Wet) 

GHD 

Groundwater well 
development 

Following construction GHD 
Terratest 

Groundwater sampling Round two: 10 to 14 April 2018 (Dry) 
Round three: 2 to 3 May 2018 (Wet) 
Round four: 15 to 16 May 2018 (Wet) 

GHD 

Sediment sampling Round three: 19 March to 6 April 2018 (Dry) 
Round four: 30 April to 1 May 2018 (Wet) 
Round five: 14 to 17 May 2018 (Wet) 

GHD 

Groundwater well surveying 12 to 13 April 2018 
23 to 24 April 2018 
27 April 2018 

GHD 
ESG 

Rising and falling head 
tests 

9 to 13 April 2018 GHD 

Stream surveying and flow 
monitoring 

Stream surveying and Round one: 23 to 
24 April 2018 and 27 April 2018 (Dry) 
Round two: 30 April to 1 May 2018 (Wet) 
Round three: 4 May 2018 (Post wet) 
Round four: 14 May 2018 (Wet) 
Round five: 16 May 2018 (Post wet) 
Round six: 7 June 2018 (Wet) 

GHD 
ESG 

Table 6-2 Program of works – biota 

Activity Date Location Associated Figures 

Onsite 
Terrestrial biota 
sampling 

20 to 21 February 2018 
22 to 23 February 2018 
26 to 28 February 2018 
28 February 2018 
28 February to 2 March 2018 

HMAS_TS01 
HMAS_TS02 
JBRF_TS01 
HMAS_TS01 
JBRF_TS02 

Figure 6-15 
Figure 6-15B 
Figure 6-16 
Figure 6-16B 

Estuary biota 
sampling 

19 to 21 February 2018 
22 to 24 February 2018 
26 to 28 February 2018 
10 to 12 March 2018 

FC_ES01 
FC_ES02 
CL_ES01 
CL_ES02 

Figure 6-15 
Figure 6-15B 

Marine biota 
sampling 

6 to 7 March 2018 JB_MR01 Figure 6-17 
Figure 6-17B 

Soil sampling 23 February 2018 
26 February 2018 
28 February 2018 
1 March 2018 

HMAS TS02 
JBRF_TS01 
HMAS TS01 
JBRF_TS02 

Figure 6-4 
Figure 6-9 
Figure 6-5 

Surface water 
sampling 

18 February 2018 
22 February 2018 
28 February 2018 
12 March 2018 

FC_ES01 
FC_ES02 
CL_ES01 
JB_MR01 

Figure 6-10 
Figure 6-11 
Figure 6-17 
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Activity Date Location Associated Figures 
Sediment sampling 18 February 2018 

22 February 2018 
28 February 2018 
12 March 2018 

FC_ES01 
FC_ES02 
CL_ES01 
JB_MR01 

Figure 6-10 
Figure 6-11 
Figure 6-17 

Offsite 
Terrestrial biota 
sampling 

26 to 28 March 2018 
3 to 5 April 2018 
9 to 12 April 2018 
16 to 18 April 2018 

MC_TS01 
LM_TS01 
CL_TS01 
SC_TS01 

Figure 6-15 
Figure 6-15B 
Figure 6-16 
Figure 6-16B 

Freshwater biota 
sampling 

23, 26 to 27 March 2018 
3 to 5 April 2018 
9 to 10 April 2018 
12, 14, 17 to 18 April 2018 
16 April 2018 
19 April 2018 

MC_FW02 
LM_FW01 
CL_FW01 
SC_FW01 
UN_FW01 
MC_FW01 

Figure 6-15 
Figure 6-15B 
Figure 6-16 
Figure 6-16B 

Estuary biota 
sampling 

20 to 21 March 2018 
22 to 24 March, 10 April 2018 

MC_ES01 
SC_ES01 

Figure 6-16 
Figure 6-16B 

Marine biota 
sampling 

3, 12, 16 to 17 March 2018 
8, 9, 12 to 14 March 2018 
28 March, 13, 19 to 20 April 
2018 

JB_MR03 
JB_MR02 
WB_MR01 

Figure 6-17 
Figure 6-17B 

Surface water 
sampling 

14 March 2018 
4 April 2018 
5 April 2018 
10 April 2018 
16 April 2018 
18 April 2018 

JB_MR02 
JB_MR03 
SC_ES01 
LM_FW01 
MC_ES01 
UN_FW01 
MC_FW01 

Figure 6-12 
Figure 6-13 
Figure 6-14 
Figure 6-17 

Sediment Sampling 14 March 2018 
4 April 2018 
5 April 2018 
10 April 2018 
16 April 2018 
18 April 2018 

JB_MR02 
JB_MR03 
SC_ES01 
LM_FW01 
MC_ES01 
UN_FW01 
MC_FW01 

Figure 6-12 
Figure 6-13 
Figure 6-14 
Figure 6-17 

Soil sampling 28 March 2018 
5 April 2018 
12 April 2018 
18 April 2018 

MC_TS01 
LM_TS01 
CL_TS01 
SC_TS01 

Figure 6-13 
Figure 6-14 

6.3 Summary of sampling design 

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

 At the contaminant sources (e.g., soil, concrete and groundwater testing within identified 
source areas). 

 Within potential contaminant transport pathways (e.g., surface water sampling in drainage 
lines and creeks, plus sampling of groundwater, lakes and marine water across the wider 
Investigation Area. This included sewer network sampling targeting ground and surface 
water ingress).  



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 57 

 At potential contaminant receptors (e.g., testing of biota such as invertebrates 
(e.g., crayfish) and vertebrates (e.g., fish) in creeks and marine water, fruit and 
vegetables and eggs from poultry kept on private properties and in native bushland). 

These sources, pathways and receptors were identified in the CSM developed at the PSI stage 
and refined as necessary throughout the investigation. 

The DSI aimed to resolve the principal study questions (i.e., data gaps) which were identified at 
completion of the PSI and SAQP with respect to the characterisation of the sources, pathways 
and receptors. These data gaps are described as a series of study questions within the DQOs 
outlined in Section 5. 

Additionally, the groundwater flow modelling plan (GHD, 2017b) provided detail on additional 
components of the DSI that were undertaken specifically for the groundwater model, consisting 
of the stream flow monitoring within Mary Creek and Flat Rock Creek. 

In light of the iterative nature of this investigation, the sampling design presented in Table 6-3 
and Table 6-4 is a consolidation of the various phases of fieldwork. 

Figure 6-1 provides an overview of the sampling regime undertaken (soil, sediment, surface 
water and groundwater) and Figure 6-2 to Figure 6-14 detail the sampling locations for each 
area as detailed in Table 6-3. Flora and fauna (biota) sampling locations are presented on 
Figure 6-15 to Figure 6-17 and correspond to the sampling design as presented in Table 6-4, 
with the biota sample register, including photos, presented in Appendix H. 

The soil sampling program was targeted at areas where PFAS soil impact was likely based on 
the information identified in Section 3.4. GHD broadly selected a systematic centred grid within 
each AEC as the distribution of PFAS was likely to be widespread rather than at particular 
points (apart from firefighting areas, storage areas and drainage channels). 

The biota sampling program was targeted to areas based on the results of the Water Use and 
Biota Survey (GHD, 2017a), and to gain sufficient data to facilitate the HHERA (as per (GHD, 
2017c)). The biota sampling regime was extensive, given the myriad habitats (terrestrial, 
freshwater, estuarine and marine) and catchments present within the Investigation Area. Given 
the necessity to consider the many locations, it was also important to analyse sufficient numbers 
of species and samples to characterise PFAS impact and uptake throughout the system. As 
such, the quantity of biota samples required for the investigation was greater than that of the 
abiotic media. 

Deviations to the proposed sampling plan presented in Table 12 and Table 17 of the SAQP and 
comments on the implications to the DSI are presented in Appendix E. 
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Table 6-3 Consolidated DSI sampling design – soil, sediment, surface water, groundwater and concrete 

Area DQO Principal Study Question/Scope Analysis – PFAS based 

Source Identification 

JBRF 

AEC A – RAN SSSS 
(CSR_ACT_000108) 
(Figure 6-2) 

Table 5-1, Study questions 1, 7, 8, 9 and 20. 
 
Drilling, sampling and analysis of 40 boreholes (A_BH01 to A_BH40) to a maximum depth of 1.20 m bgl across two sampling 
events. Installation, sampling and analysis of nine groundwater monitoring wells (A_MW01 to A_MW09) to a maximum depth of 
4.00 m bgl across two sampling events. 
Twelve concrete core samples taken from their corresponding boreholes were analysed for PFAS (A_BH06_Concrete, 
A_BH07_Concrete, A_BH09_Concrete, A_BH10_Concrete, A_BH12_Concrete, A_BH13_Concrete_A, A_BH13_Concrete_B, 
A_BH14_Concrete_A, A_BH14_Concrete_B, A_BH15_Concrete, A_BH16_Concrete, A_MW02_Concrete). Concrete from a 
concrete stockpile was also collected and analysed (AEC A_Concrete_SP).  
Groundwater sampling of the nine installed wells (A_MW01 to A_MW09) and one existing well (MW024) was conducted in 2017. 
Tank sampling was undertaken across three sampling events: Five water tanks were initially sampled during Round 3 Dry 
Weather Surface Water sampling in October 2017 (A_S415_SW05, A_S416_SW02, A_S481_SW04, A_S439_SW03, 
A_S440_SW01), with A_S440_SW01 was also sampled in mid-2017 outside a designated sampling round and one water sample 
was also collected from A_S426_SW01 in November 2017. 

Primary soil samples: 
4 – Particle size analysis, pH, bulk density, exchangeable cations 
95 - Total Organic Carbon, full PFAS suite 
48 – Australian Standard Leachate Procedure with deionised water (ASLP) 
leachate preparation and full PFAS suite 
Primary concrete samples (including concrete stockpile): 
13 – full PFAS suite 
13 – ASLP leachate preparation and full PFAS suite 
Primary groundwater samples: 
10 – Major Ions 
10 – full PFAS suite 
Primary surface water samples (tank): 
7 – Major Ions 
7– full PFAS suite 

AEC B – Area adjacent 
to RAN SSSS, Mary 
Creek 
(CSR_ACT_000109) 
(Figure 6-3) 

Table 5-1, Study questions 1, 8, 9 and 20. 
 
Completion of 10 hand augers (B_HA01 to B_HA10) to a maximum depth of 1.00 m bgl and installation of four groundwater 
monitoring wells (B_MW01 to B_MW04) to a maximum depth of 2.50 m bgl. 
All four new wells (B_MW01 to B_MW04) and one existing monitoring well (MW021) were sampled in 2017 as part of Round 1 
Dry Weather Groundwater sampling. 
Samples from three surface water and sediment locations were collected and analysed during the Round 1 Dry Weather Surface 
Water and Sediment sampling events (B_SW01 to B_SW03 and B_SD01 to B_SD02). B_SW01 was later resampled as part of 
Round 5 Wet Weather Surface Water sampling. 

Primary soil samples: 
2 – Particle size analysis, pH, bulk density, exchangeable cations 
28 – Total Organic Carbon, full PFAS suite 
13 – ASLP leachate preparation and full PFAS suite 
Primary sediment samples: 
31 – Total Organic Carbon, full PFAS suite 
2– ALPS leachate preparation and full PFAS suite 
Primary groundwater samples: 
6 – Major Ions 
6 – full PFAS suite 
Primary surface water samples: 
4 – Major Ions 
4– full PFAS suite 

AEC C – Former fire 
training area (Figure 6-4) 

Table 5-1, Study questions 1, 7 and 8. 
 
Drilling, sampling and analysis of one borehole (C_BH01) to 1.00 m bgl and installation of seven groundwater wells (C_MW01 to 
C_MW07) to a maximum depth of 3.00 m bgl. A concrete sample from C_BH01 (C_BH01_Concrete_A) was also collected and 
analysed. 
Completion of 19 hand augers (C_HA01 to C_HA19) to a maximum depth of 1.00 m bgl. 
Groundwater sampling of the seven new wells (C_MW01 to C_MW07) and two existing wells (MW028 and MW030) was 
undertaken during Round 1 Dry Weather Groundwater sampling. 

Primary soil samples: 
4 – Particle size analysis, pH, bulk density, exchangeable cations 
54 – Total Organic Carbon 
55 – full PFAS suite 
26 – ASLP leachate preparation and full PFAS suite 
Primary concrete samples: 
1 – full PFAS suite 
1 – ALPS leachate preparation and full PFAS suite 
Primary groundwater samples: 
9 – Major Ions 
9 – full PFAS suite 

AEC D – Former building 
(Figure 6-4) 

Table 5-1, Study questions 1 and 8. 
 
Three hand augers (D_HA01 to D_HA03) were completed to a maximum depth of 1.00 m bgl in 2017.  

Primary soil samples: 
6 - Total Organic Carbon, full PFAS suite 
1 – pH, Particle Size Analysis, exchangeable cations, bulk density 
4 – ALPS leachate preparation and full PFAS suite 
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AEC H – Drum disposal 
area 
(CSR_ACT_000105) 
(Figure 6-8) 

Table 5-1, Study questions 1 and 8. 
 
Five hand augers were completed and sampled to a depth of 1.00 m bgl (H_HA01 to H_HA05). 
Groundwater sampling of three existing wells (MW025, MW026 and MW027) was undertaken in 2017 during Round 1 Dry 
Weather Groundwater sampling. 
One surface water sample (H_SW01) was collected during Round 1 Dry Weather Surface Water sampling. 

Primary soil samples: 
1 - pH, Particle Size Analysis, exchangeable cations, bulk density 
11 – Total Organic Carbon, full PFAS suite 
4 – ASLP leachate preparation and full PFAS suite 
Primary sediment samples: 
1 – Total Organic Carbon, full PFAS suite 
1 – ASLP leachate preparation and full PFAS suite 
Primary groundwater samples: 
3 – Major Ions 
3 – full PFAS suite 
Primary surface water samples: 
1 – Major ions 
1 - full PFAS suite 

HMAS Creswell 

AEC E – Golf Course 
(CSR_ACT_000106) 
(Figure 6-5) 

Table 5-1, Study questions 1, 4, 8, 9 and 20. 
 
Completion of 15 hand augers to a maximum depth of 1.20 m bgl (E_HA01 to E_HA15). 
Drilling, installation, sampling and analysis of five groundwater wells (E_MW01 to E_MW05) to a maximum depth of 2.50 m bgl. 
A groundwater sampling event comprising the five new wells (E_MW01 to E_MW05) and two existing wells (MW017 and 
MW037) was undertaken in 2017 during Round 1 Dry Weather Groundwater sampling. E_MW04 was later resampled in 2018 
during the Round 3 Wet Weather Groundwater sampling event. 
Four surface water/sediment samples were collected and analysed from the retention pond (E_SW01 to E_SW04 and E_SD01 to 
E_SD04, respectively). 

Primary soil samples: 
3 – pH, bulk density, particle size analysis, exchangeable cations 
45 – Total Organic Carbon, full PFAS suite 
20 – ALPS leachate preparation and full PFAS suite 
Primary sediment samples: 
4 – full PFAS suite 
1 – ASLP leachate preparation and full PFAS suite 
Primary groundwater samples: 
8 – Major Ions 
8 – full PFAS suite 
Primary surface water samples (including irrigation system samples): 
7 – Major Ions 
7 – full PFAS suite 

AEC F – Fire station 
(CSR_ACT_000101) 
(Figure 6-6) 

Table 5-1, Study questions 1, 4, 8 and 9. 
 
Drilling, installation, sampling and analysis of two groundwater monitoring wells (F_MW01 and F_MW02) to a maximum depth of 
4.00 m bgl. 
The two new groundwater wells (F_MW01 and F_MW02) and one existing well (MW037) were sampled in 2017. 
As part of the Round 1 Dry Weather Sediment and Surface Water sampling events, two sediment/surface water locations were 
sampled and analysed (F_SW01 to F_SW02 and F_SD01 to F_SD02). 
 
 
Note: sample count for MW037 included in AEC E. 

Primary soil samples: 
1 – pH, bulk density, particle size analysis, exchangeable cations, 
4 – Total Organic Carbon, full PFAS suite 
2 – ASLP leachate preparation and full PFAS suite 
Primary sediment samples: 
2 – Total Organic Carbon, full PFAS suite 
Primary groundwater samples: 
2 – Major Ions 
2 – full PFAS suite 
Primary surface water samples: 
2 – Major Ions 
2 – full PFAS suite 

AEC G – Sewage 
treatment plant and 
outfall 
(CSR_ACT_000118 and 
CSR_ACT_000115) 
(Figure 6-7) 

Table 5-1, Study questions 1 and 4. 
 
Three surface water samples were collected from the STP ponds (G_SW01 to G_SW03) during the Round 1 dry sampling event.  

Primary surface water samples: 
3 – Major Ions 
3 – full PFAS suite 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 60 

Area DQO Principal Study Question/Scope Analysis – PFAS based 

Pathway characterisation 

JBRF 

Stormwater drainage 
pathways between 
AEC A and AEC B 
(Figure 6-9) 

Table 5-1, Study questions 1, 13 and 20. 
 
Samples from six surface water (AB_SW01 to AB_SW05) and five sediment locations (AB_SD01 to AB_SD04, AB_SD06) were 
collected in 2017 during Round 1 and 2 Dry Weather Sediment and Surface Water sampling. 

Primary sediment samples: 
1 – pH, bulk density, particle size analysis, exchangeable cations 
5 – Total Organic Carbon, full PFAS suite 
3 – ASLP leachate preparation and full PFAS suite 
Primary surface water samples: 
6 – Major Ions 
6 – full PFAS suite 

Mary Creek 
(Figure 6-9) 

Table 5-1, Study questions 1, 6 and 13. 
 
Three sediment locations (MC_SD06 and MC_SD08 [at two depths]) were sampled and analysed along drainage channels 
leading to Mary Creek during the Round 3 Dry Weather Sediment sampling event. 
A corresponding surface water sample was collected and analysed as part of Round 4 Dry Weather Surface Water sampling 
(MC_SW06).  

Primary sediment samples: 
2 – Total Organic Carbon, full PFAS suite 
1 – short PFAS suite 
Primary surface water samples: 
1 – Major Ions 
1 – full PFAS suite 

Drainage lines onsite 
(excluding the area 
between AEC A and 
AEC B) 
(Figure 6-9) 

Table 5-1, Study questions 1, 13 and 20. 
 
Six surface water and sediment locations were sampled and analysed (DC_SW01 to DC_SW06 and DC_SD01 to DC_SD06) 
along various drainage channels within this area during Round 1 and 2 of Dry Weather Surface Water and Sediment sampling. 

Primary sediment samples: 
1 - pH, bulk density, particle size analysis, exchangeable cations 
6 – Total Organic Carbon, full PFAS suite 
2 – ASLP leachate preparation and full PFAS suite 
Primary surface water samples: 
6 – Major Ions 
6 – full PFAS suite 

Site boundary wells 
(Figure 6-9) 

Table 5-1, Study questions 1, 4, 5, 6, 9, 10, 11 and 12. 
 
Drilling, installation, sampling and analysis of 11 groundwater wells (FC_MW01 to FC_MW03, CL_MW01, TC_MW01, 
LW_MW01, LM_MW01, LM_MW02, BB_MW01 to BB_MW03) to a maximum depth of 30.60 m bgl. 
A groundwater sampling event was conducted in May 2017 and included the sampling and analysis of CL_MW01, FC_MW02, 
FC_MW03, LM_MW01 and TC_MW01. In April 2018, BB_MW01 to BB_MW03 and LM_MW02 were sampled. During May 2018 
BB_MW01 to BB_MW03, CL_MW01, FC_MW01, LW_MW01, LM_MW01 and LM_MW02 were sampled. Five existing 
groundwater wells were sampled in 2017 (MW018, MW020, MW021, MW022 and MW024). 
Rising head tests were conducted at six onsite locations (C_MW05, A_MW07, MW025, MW026, MW027, FC_MW01). Loggers 
were also installed onsite at LM_MW01, C_MW02, A_MW01, B_MW04, MW027 and MW025. 
An additional two rising head tests were conducted offsite at MC_MW04, LW_MW01 and BB_MW04. Offsite loggers were 
installed at MC_MW04 and LW_MW01. 

Primary soil samples: 
7 - pH, exchangeable cations 
6 – bulk density, particle size analysis 
10 – Total Organic Carbon 
17 – full PFAS suite 
8 – ASLP leachate preparation and full PFAS suite 
Primary groundwater samples: 
19 – Major Ions 
21 – full PFAS suite 

HMAS Creswell 

AEC E – STP treated 
water irrigation system 
(Figure 6-5) 

Table 5-1, Study questions 1, and 4. 
 
Three samples were collected and analysed from golf course sprinklers during 20171 (E_Irrigation_01, E_Irrigation_02, 
E_Irrigation_03). 

- 

Flat Rock Creek 
(Figure 6-10) 

Table 5-1, Study questions 1, 4, 13, 14 and 20. 
 
Eleven surface water and 10 sediment locations were sampled in 2017 as part of Round 2 Dry Weather Surface Water 
(FC_SW01 to FC_SW11) and Round 2 Dry Weather Sediment sampling (FC_SD01 to FC_SD04 and FC_SD06 to FC_SD11). 
Two surface water samples (FC_ES01_SW and FC_ES02_SW) were collected in February 2018 outside of a designated 
sampling period. An additional sediment location (FC_SD13) was targeted in 2018 during Round 3 Dry Weather Sediment 
sampling. As part of the Round 5 Wet Weather Sediment sampling event, three locations were resampled (FC_SD01, FC_SD02 
and FC_SD04). 
An additional surface water location (FC_SW13) was sampled in 2018 as part of Round 4 Dry Weather Surface Water sampling. 
FC_SW05 was resampled during the Round 5 Wet Weather Surface Water sampling event in 2018 and three locations were 
resampled during the Round 6 Wet Weather Surface Water sampling event (FC_SW01, FC_SW02 and FC_SW04). 

Primary sediment samples: 
2 – pH, exchangeable cations 
1 - Bulk density, particle size analysis 
10 – Total Organic Carbon 
18 – full PFAS suite (some locations analysed at multiple depths) 
9 – ASLP leachate preparation and full PFAS suite 
Sediment pore water samples: 
2 – full PFAS suite 
Primary surface water samples: 
17 – Major Ions 
18 – full PFAS suite 
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Captains Lagoon 
(Figure 6-11) 

Table 5-1, Study questions 1, 4, 13 and 22. 
 
CL_SD10 was collected in 2017 during Round 1 Dry Weather Sediment sampling. Ten locations were sampled during the 2017 
Round 2 Dry Weather Sediment sampling event (CL_SD01 to CL_SD09 and CL_SD11).  
CL_SW10 was collected during Round 1 Dry Weather Surface Water sampling, whilst an additional 10 locations were sampled 
during the Round 2 Dry Weather Surface Water sampling event (CL_SW01 to CL_SW09 and CL_SW11). 
Four locations were resampled during the 2018 Round 4 Wet Weather Sediment sampling event (CL_SD01, CL_SD02, 
CL_SD07 and CL_SD08). 
Five locations were resampled during the 2018 Round 5 Wet Weather Surface Water sampling event (CL_SW01, CL _SW02, CL 
_SW07, CL _SW08 and CL _SW09). 
Two sediment samples (CL_SD01_0.0_180501 and CL_SD07_0.0_180501) were submitted for pore water extraction and the 
results pore water analysed for PFAS. 

Primary sediment samples: 
2 – pH, bulk density, particle size analysis, exchangeable cations 
11 – Total Organic Carbon 
15 – full PFAS suite 
10 – ASLP leachate preparation and full PFAS suite 
Sediment pore water samples: 
2 – full PFAS suite 
Primary surface water samples: 
16 – Major Ions 
16 – full PFAS suite 

Site boundary wells 
(Figure 6-10 & 
Figure 6-11) 

Table 5-1, Study questions 1, 4 and 9. 
 
Drilling, installation, sampling and analysis of one groundwater monitoring well in 2017 to a depth of 3.00 m bgl (CL_MW03). An 
additional three wells were installed and sampled in 2018 to a maximum depth of 12.00 m bgl (CL_MW02, CL_MW04 and 
CL_MW05). CL_MW02A was installed alongside CL_MW02, however no samples were collected. 
Two existing monitoring wells, MW001 and MW007, were sampled in 2017 and 2018, respectively. 

Primary soil samples: 
1 - pH, bulk density, particle size analysis, exchangeable cations 
2 – Total Organic Carbon 
6 – full PFAS suite 
1 – ASLP leachate preparation and full PFAS suite 
Primary groundwater samples: 
6 – Major Ions 
6- full PFAS suite 

Jervis Bay 
Background(Figure 6-17) 

Table 5-1, Study question 14. 
 
Collection of one marine water sample (JB_MR03_SW) during March 2018, outside a designated sampling event. 

Primary surface water samples: 
1 – full PFAS suite 

Both Sites: STP system  
(Appendix N) 

Table 5-1, Study questions 1 and 4. 
 
As part of the STP system investigation, 28 locations were sampled during the day and night in three sampling events in 
September, October and December 2017 (STP01 to STP05, STP07 to STP13, STP15, STP17 to STP20, STP35 to STP38, 
STP40 to STP42). 
Note that these results are reported in the Sewer Network PFAS Investigation report (GHD, 2018c). 
 

Primary surface water samples 
21 – Major Ions 
35 – full PFAS suite 

Receptor Characterisation 

Groundwater offsite 
points 
(Figure 6-13) 

Table 5-1, Study questions 1, 6, 9 and 20. 
 
Drilling, installation, sampling and analysis of four groundwater monitoring wells in March 2018 (MC_MW01 to MC_MW04) to a 
maximum depth of 11.50 m bgl. 
Three wells were sampled as part of the Round 2 Dry Weather Groundwater sampling event (MC_MW02 to MC_MW04). 
MC_MW02 and MC_MW04 were also resampled during the Round 3 Wet Weather Groundwater sampling event. 

Primary soil samples: 
2 - pH, bulk density, particle size analysis, exchangeable cations 
6 – full PFAS suite 
Primary groundwater samples: 
5 – Major Ions 
5 – full PFAS suite 

Potable water sources 
(Figure 6-14) 

Table 5-1, Study questions 1, 2, 5, 13 and 20. 
 
Six primary sediment samples were collected and analysed during the 2018 Round 5 Wet Weather Sediment sampling event 
(LW_SD01 to LW_SD03 and LM_SD01 to LM_SD03). One sediment sample (LM_FW01_SD) was collected during April 2018 
outside of a designated sampling event. 
Three locations from the above ground water tanks (AST_SW01 to AST_SW03) were sampled in June 2017 and later resampled 
as part of Round 6 Wet Weather Surface Water sampling. 
The raw water inlet to the treatment plants was initially sampled in June 2017 and resampled during the Round 6 Wet Weather 
Surface Water sampling event (RAW_SW04). 
Four locations were sampled from both Lake Windermere and Lake McKenzie. LM_SW01 to LM_SW03 and LW_SW01 to 
LW_SW03 were initially sampled at the beginning of the Round 3 Surface Water sampling event and were resampled during the 
end of the Round 3 and during the Round 6 Wet Weather Surface Water sampling events. LM_SW04 was sampled twice during 
the Round 3 Surface Water Sampling event. One surface water sample (LM_FW01_SW) was collected during April 2018, outside 
of a designated sampling event. A single sample was collected from LW_SW05 during Round 6 of Wet Weather Surface Water 
sampling. 

Primary sediment samples: 
7 – full PFAS suite 
Primary surface water samples (including tanks and raw water inlet): 
22 – Major Ions 
30 – full PFAS suite 
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Telegraph Creek – two 
surface water channels 
and a Green Patch 
lagoon and spring 
(Figure 6-12) 

Table 5-1, Study questions 1, 13 and 14. 
 
Sediment samples were collected and analysed from 12 locations (TC_SD01 to TC_SD11 and UN4_SD01) during the Round 3 
Dry Weather Sediment Sampling event. 
Seven surface water locations were sampled during the Round 4 Dry Weather Surface Water Sampling event (TC_SW01, 
TC_SW05 to TC_SW07, TC_SW10, TC_SW11, UN4_SW01). 
A marine water sample JB_MR02_SW was collected during March 2018 outside a designated sampling event. 

Primary sediment samples: 
2 - pH, particle size analysis, exchangeable cations 
1 – bulk density 
11 – Total Organic Carbon 
12 – full PFAS suite 
1 – short PFAS suite 
Primary surface water samples: 
5 – Major Ions 
8 – full PFAS suite 

Mary Creek, 
Summercloud Creek and 
Unnamed Creek and 
lagoon springs 
(Figure 6-13) 

Table 5-1, Study questions 1, 6, 9, 13, 14 and 20. 
 
Twenty three locations were initially sampled for sediment during Round 3 Dry Weather Sediment sampling (MC_SD01 to 
MC_SD03, SC_SD01, SC_SD02, SC_SD04, UN1_SD01 to UN1_SD04, UN2_SD01 to UN2_SD05, UN3_SD01 to UN3_SD08). 
MC_SD04, MC_ES01_SD, MC_FW01_SD, SC_ES01_SD and UN_FW01_SD were sampled during April 2018.  
MC_SD10 and MC_TS01_SOIL01 were sampled in March 2018, outside designated sampling events. 
MC_SD01 and MC_SD03 were resampled during and immediately outside the Round 4 Wet Weather Sediment sampling event. 
UN3_SD03 was resampled during Round 5 Wet Weather Sediment sampling. 
25 locations were sampled and analysed during Round 4 Dry Weather Surface Water sampling (MC_SW01 to MC_SW04, , 
SC_SW01 to SC_SW03, UN1_SW03, UN1_SW04, UN2_SW01 to UN2_SW05, UN3_SW01 to UN3_SW08, WB_SW01 to 
WB_SW03). MC_SW10 was sampled twice in March 2018 outside of designated sampling events. 
The following locations were also sampled MC_ES01_SW, MC_FW01_SW, SC_ES01_SW and UN_FW01_SW were also 
sampled in April 2018 outside of a designated surface water sampling round. 
Three locations were resampled during Round 4 Wet Weather Surface Water sampling (MC_SW01 to MC_SW03). MC_SW04 
and UN3_SW03 were resampled outside of a designated sampling event. MC_SW11 was sampled during the Round 5 Wet 
Weather Surface Water sampling event. 

Primary soil samples: 
1 – full PFAS suite 
Primary sediment samples: 
1 - pH, bulk density, particle size analysis, exchangeable cations 
22 –  Total Organic Carbon 
33 – full PFAS suite 
11 – short PFAS suite 
Sediment pore water samples: 
2 – full PFAS suite 
Primary surface water samples: 
33 – Major Ions 
34 – full PFAS suite 

Flat Rock Creek – 
connection with Jervis 
Bay 
(Figure 6-10) 

Table 5-1, Study questions 1, 4, 9, 13, 14 and 20. 
 
Samples at two sediment (FC_SD14, FC_SD15) and three surface water (FC_SW14, FC_SW15 and JB_SW01) locations were 
collected and analysed during Round 3 Dry Weather Sediment sampling. 
Follow up sampling was completed at FC_SD14 as part of the Round 5 Wet Weather Sediment sampling event and at FC_SW14 
during the Round 6 Wet Weather Surface Water sampling event. 
A marine sample JB_MR01_SW was collected in March 2018 outside a designated sampling event.  

Primary sediment samples: 
3 – full PFAS suite 
Primary surface water samples: 
4 – Major Ions 
5 – full PFAS suite 

Captains Lagoon – 
connection with Jervis 
Bay 
(Figure 6-11) 

Table 5-1, Study questions 1, 4, 9, 13, 14 and 20. 
 
As part of Round 4 Dry Weather Surface Water sampling and Round 3 Dry Weather Sediment sampling, samples at two 
sediment (CL_SD12, CL_SD13) and three surface water (CL_SW12, CL_SW13 and JB_SW02) locations were collected and 
analysed. 
Wet weather sampling of CL_SD12 and CL_SW12 was undertaken as part of Round 5 Sediment and Round 6 Surface Water 
events. 
Surface water samples at CL_ES01_SW, CL_ES02_SW and CL_FW01_SW were sampled during 2018 outside designated 
surface water sampling events. 

Primary Sediment samples: 
3 – full PFAS suite 
Primary Surface Water Samples: 
4 – Major Ions 
7 – full PFAS suite 

Mary Creek and Flat 
Rock Creek  

Table 5-1, Study questions 4, 6, 9, 13, 20 and 21. 
 
The scope of works and results for the stream flow monitoring is presented in (GHD, 2018e) in Appendix B. 

 

Note: 
1 For completeness, some samples are mentioned in the table within multiple AECs or migration pathways, however the primary sample analyses have only been included in the sample count once. 
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Data source:  Imagery - Nearmap (Imagery Date: 2016/08/14); Streets, Waterways - NSW LPI 2015 DTDB; Contours - NSW LPI 2016.  Created by:mweber
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Data source:  Imagery - Nearmap (Imagery Date: 2016/08/14); Streets, Waterways - NSW LPI 2015 DTDB; Contours - NSW LPI 2016.  Created by:mweber
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Table 6-4 Consolidated DSI sampling design – biota 

Area DQO Principal Study Question and summary of collected organism totals Analysis – PFAS based 

Flat Rock Creek 
FC_ES01 
FC_ES02 
(Figure 6-15) 

Table 5-1, Study questions 1, 18 and 19. 
 
Primary biota sampling (estuary): 
 10 aquatic plant samples including roots 

 15 invertebrate samples  

 30 vertebrate samples - fish 

Secondary biota sampling (estuary): 

 10 aquatic plant samples including roots 

 15 invertebrate samples - composites of functional feeding groups (i.e., insects, gastropods, or molluscs), whole body crustacean 
homogenates, edible crustacean tissue 

 16 vertebrate samples – fish 

10 primary plant samples – full PFAS suite 
15 primary invertebrate samples – full PFAS suite 
30 primary vertebrate samples – full PFAS suite 
4 secondary invertebrate samples – full PFAS suite 
16 secondary vertebrate sample – full PFAS suite 

HMAS Creswell 
HMAS_TS01 
HMAS_TS02 
(Figure 6-15) 

Table 5-1, Study questions 1, and 17. 
 
Primary biota sampling (terrestrial): 
 12 plant samples – including grasses with roots and soil attached 

 32 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants and spiders 

 Four vertebrate muscle samples from Defence sponsored cull 

 Four vertebrate liver samples from Defence sponsored cull 

Secondary biota sampling (terrestrial): 

 10 plant samples – including grasses with roots and soil attached 

 28 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants, and spiders 

11 primary plant samples – full PFAS suite 
32 primary invertebrate samples – full PFAS suite 
Eight primary vertebrate samples – full PFAS suite 

Captains Lagoon 
CL_FW01 
CL_ES01 
CL_ES02 
CL_TS01 
(Figure 6-15) 

Table 5-1, Study questions 1, 2, 17, and 18. 
 
Primary biota sampling (freshwater): 
 15 plant samples including roots 

 11 invertebrate samples – Two feeding groups, one juvenile freshwater crayfish 

Secondary biota sampling (freshwater) 
 Five plant samples including roots 

Primary biota sampling (estuary): 
 10 aquatic plant samples including roots 

 11 invertebrate samples - composites of functional feeding groups (i.e., worms, gastropods, or molluscs), whole body crustacean 
homogenates, edible crustacean tissue 

 30 vertebrate samples - fish 

Secondary biota sampling (estuary): 
 10 plant samples including roots 

 Six invertebrate samples 

Secondary biota sampling (terrestrial) 
 20 plant samples - grasses, roots (with soil attached), fruit and/or flowers from two species 

 30 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants, and spiders 

Freshwater: 
15 primary plant samples – full PFAS suite 
11 primary invertebrate samples – full PFAS suite 
5 secondary plant samples – full PFAS suite 
Estuary: 
10 primary plant samples – full PFAS suite 
11 primary invertebrate samples – full PFAS suite 
30 primary vertebrate samples – full PFAS suite 
20 secondary vertebrate samples (whole body 
residuals from primary samples) – full PFAS suite 
One secondary invertebrate sample – full PFAS suite 
Terrestrial 
5 secondary plant samples – full PFAS suite 
25 secondary invertebrate samples – full PFAS suite 
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Area DQO Principal Study Question and summary of collected organism totals Analysis – PFAS based 

JBRF 
JBRF_TS01 
JBRF_TS02 
(Figure 6-16) 

Table 5-1, Study questions 1, and 17. 
 
Primary biota sampling (terrestrial): 
 10 plant samples – including grasses with roots and soil attached 

 26 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants, and spiders 

 Six vertebrate muscle samples from Defence sponsored cull 

 Six vertebrate liver samples from Defence sponsored cull 

 One primary vertebrate scat sample 

Secondary biota sampling (terrestrial): 

 10 plant samples – including grasses with roots and soil attached 

 26 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants, and spiders 

10 primary plant samples – full PFAS suite 
26 primary invertebrate samples – full PFAS suite 
12 primary vertebrate samples – full PFAS suite 
1 primary scat sample – full PFAS suite 

Residential Vegetable 
Gardens 
VG_TS01 
VG_TS02 
VG_TS03 
VG_TS06 
VG_TS07 
VG_TS08 
(Figure 6-15) 
VG_TS04 
VG_TS05 
VG_TS09 
(Figure 6-16) 

Table 5-1, Study questions 1, 2, and 16. 
 
Primary produce samples: 
 Five vegetable samples 

 35 fruit samples 

 One chicken egg sample 

Secondary produce samples: 
 Three fruit samples (lilly pilly stones) 

41 primary produce samples – full PFAS suite 
3 secondary produce samples (composite stones from 
primary fruit samples) – full PFAS suite 

Jervis Bay 
JB_MR01 
JB_MR02 
JB_MR03 
(Figure 6-17) 

Table 5-1, Study questions 1, 2, and 19. 
 
Primary biota sampling (marine): 
 30 aquatic plant samples 

 47 invertebrate samples - composites of invertebrates (including pipis and periwinkles), worms, individual echinoderms, cephalopods, 
oysters (composited to achieve required mass if necessary), crustaceans 

 45 vertebrate samples - fish 

Secondary biota sampling (marine): 
 15 aquatic plant samples 

 25 invertebrate samples - composites of invertebrates (including pipis and periwinkles), worms, individual echinoderms, cephalopods, 
oysters (composited to achieve required mass where necessary), crustaceans 

30 primary plant samples – full PFAS suite 
47 primary invertebrate samples – full PFAS suite 
45 primary vertebrate samples – full PFAS suite 

Lake McKenzie 
LM_FW01 
LM_TS01 
(Figure 6-16) 

Table 5-1, Study questions 1, 2, 17, and 18. 
 
Primary biota sampling (freshwater) 
 10 aquatic plant samples including roots 

 Six invertebrate samples - Composites of functional feeding groups (i.e., insects, gastropods, or molluscs), whole body yabby 
homogenates, edible yabby tails 

 Five vertebrate samples 

Primary biota sampling (terrestrial): 
 20 plant samples - grasses, roots (with soil attached), fruit and/or flowers from two species 

 30 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants and spiders 

Freshwater: 
10 primary plant samples – full PFAS suite 
Six invertebrate samples – full PFAS suite 
Five vertebrate samples – full PFAS suite 
Terrestrial: 
20 primary plant samples – full PFAS suite 
30 primary invertebrate samples – full PFAS suite 
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Area DQO Principal Study Question and summary of collected organism totals Analysis – PFAS based 

Unnamed Pools 
UN_FW01 
(Figure 6-17) 

Table 5-1, Study questions 1, 2, and 18. 
 
Primary biota sampling (freshwater): 
 10 aquatic plant samples including roots 

 11 invertebrate samples - Composites of functional feeding groups (insects) 

10 primary plant samples – full PFAS suite 
11 primary invertebrate samples – full PFAS suite 

Mary Creek 
MC_FW01 
MC_FW02 
MC_ES01 
MC_TS01 
Figure 6-17) 

Table 5-1, Study questions 1, 2, 17, and 18. 
 
Primary biota sampling (freshwater) 
 10 aquatic plant samples including roots 

 10 invertebrate samples – composites of functional feeding groups (insects) 

 13 vertebrate samples - fish 

Secondary biota sampling (freshwater): 
 10 aquatic plant samples including roots 

 Two invertebrate samples – composites of functional feeding groups (insects) 

Primary biota sampling (estuary): 
 15 aquatic plant samples including roots 

 Seven invertebrate samples – composites of worms, yabbies, edible prawns 

 14 vertebrate samples - fish 

Primary biota sampling (terrestrial): 
 20 plant samples - grasses, roots (with soil attached), fruit and/or flowers 

 30 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants and spiders 

Freshwater: 
10 primary plant samples – full PFAS suite 
10 primary invertebrate samples – full PFAS suite 
13 primary vertebrate samples – full PFAS suite 
Five secondary invertebrate samples (whole body 
residuals from primary samples) – full PFAS suite 
Estuary: 
10 primary plant samples – full PFAS suite 
Seven primary invertebrate samples – full PFAS suite 
14 primary vertebrate samples – full PFAS suite 
Terrestrial: 
20 primary plant samples – full PFAS suite 
30 primary invertebrate samples – full PFAS suite 

Summercloud Creek 
SC_FW01 
SC_ES01 
SC_TS01 
Figure 6-17) 

Table 5-1, Study questions 1, 2, 17, and 18. 
 
Primary biota sampling (freshwater): 
 10 aquatic plant samples including roots 

 15 invertebrate samples - composites of functional feeding groups (i.e., insects), whole body crustacean homogenates, edible 
crustacean tissue 

 10 vertebrate samples - fish 

Primary biota sampling (estuary): 
 10 aquatic plant samples including roots 

 24 invertebrate samples - composites of functional feeding groups (i.e., insects, gastropods, or molluscs), whole body crustacean 
homogenates, edible crustacean tissue 

 15 vertebrate samples - fish 

Secondary biota sampling (terrestrial): 
 20 plant samples - grasses, roots (with soil attached), fruit and/or flowers from two species 

 30 invertebrate samples - composites of functional feeding groups including flying insects, worms, gastropods, bees, ants and spiders 

Freshwater: 
10 primary plant samples – full PFAS suite 
15 invertebrate samples – full PFAS suite 
10 vertebrate samples – full PFAS suite 
Estuary: 
10 primary plant samples – full PFAS suite 
24 primary invertebrate samples – full PFAS suite 
15 primary vertebrate samples – full PFAS suite 
5 secondary vertebrate samples (whole body residuals 
from primary samples) – full PFAS suite 
Terrestrial: 
21 primary invertebrate samples – full PFAS suite 

Wreck Bay 
WB_MR01 

 

 

(Figure 6-17) 

Table 5-1, Study questions 1, 2, and 19. 
 
Primary biota sampling (marine): 
 15 aquatic plant samples 

 23 invertebrate samples - composites of invertebrates (including pipis and periwinkles), worms, individual echinoderms, cephalopods, 
oysters (composited to achieve required mass where necessary), crustaceans 

 19 vertebrate samples – fish 

15 primary plant samples – full PFAS suite 
22 invertebrate samples – full PFAS suite 
19 vertebrate samples – full PFAS suite 
5 secondary vertebrate samples (whole body residuals 
from a primary composite sample) – full PFAS suite 
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Note: The sample register which provides sample IDs for all of the sample locations is presented in Appendix H of the DSI.
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Biota Species
X Bivalve, Whole
X Mud Crab, Claw
X Prawn, Tail
X Spiney Crayfish, Tail
# Banksia ericifolia, Plant
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# Homegrown Fruit/Vegetable
# Lomandra longifolia, Plant
# Persoonia linearis - Geebung, Plant
# Moss, Plant (Used for Wound Coverings)
" Chicken Egg
" Rabbit (liver, muscle)
" Bream, Fillet
" Mullet, Fillet
" Whitebait, Whole
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6.4 Field methods 

All works were carried out in accordance with GHD’s Job Health Safety and Environment (HSE) 
Plan and the SAQP (with variations to the SAQP presented in Appendix E) (GHD, 2018b). 
Underground utility clearances were carried out prior to drilling operations, and an unexploded 
ordnance (UXO) contractor was engaged to conduct a risk assessment where intrusive 
investigations were carried out in areas with a potential UXO risk. 

6.4.1 General sample collection and handling 

An environmental consultant from GHD was involved in all fieldwork performed for the DSI. Soil 
logs, photographs and field data sheets have been included in Appendix F, Appendix G, and 
Appendix L respectively. Coordinates of sampling locations were recorded using a hand held 
global position system (GPS) with an approximate accuracy of 5 m. Groundwater wells were 
surveyed by a professional surveyor. It is noted that for some locations, field data was recorded 
on a field tablet, and loaded to the project data base, and as such there are no scanned copies 
of these field sheets. 

Soil, groundwater, surface water, sediment and biota samples were collected using new 
disposable gloves and placed directly into laboratory provided Teflon-free sample jars and 
bottles, and then placed in chilled insulated containers for transport to the laboratory. A label 
was attached to each sampling container showing job number, date, sample location, depth and 
sampler initials. Sample details were entered onto a chain of custody (CoC) form that 
accompanied the samples to the laboratory. A CoC form was used for every batch of samples 
submitted to the laboratory and included the scheduled analysis for each sample to be 
undertaken. Delivery of samples to the laboratory was in compliance with sample holding times. 

When handling samples, no Teflon coated materials or aluminium foil was used. All re-usable 
sampling equipment was made from high-density polyethylene (HDPE) or stainless steel and 
decontaminated prior to use (refer to Section 6.4.17). All equipment was sourced from suppliers 
for use in the specific process outlined in the following sections. 

During field sampling of PFAS, the sampling personnel adhered to the sampling 
recommendations ( (DER, 2017), followed by (HEPA, 2018)), which included the following: 

 No brand new field clothing was worn.

 No waterproof clothing (e.g., GoreTex, Teflon or Tyvek clothing).

 No fast food wrappers/containers or pre-wrapped foods or snacks.

 No use of self-sticking notes or similar office products.

 No reusable chemical or gel packs were used to cool samples. Instead food-grade ice
contained in polyethylene bags was utilised to cool the samples.

 Natural sunscreens and insect repellents were utilised.

6.4.2 Concrete sampling methodology 

Concrete cores were analysed from the soil/groundwater boreholes, where available. The whole 
concrete core was sent to the laboratory, where the top 5 centimetres (cm) of the concrete core 
was crushed and analysed by the laboratory. 
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6.4.3 Soil investigation methodology 

Soil samples were collected by direct push probe (at groundwater monitoring well locations) or 
hand auger (at soil sampling locations) following concrete coring, if necessary. All soil samples 
were visually inspected and all field observations and subsurface conditions were recorded on 
electronic field lithological logs, including presence of fill materials and any visual or olfactory 
indications of contamination. 

Hand auger locations were extended to a maximum depth of 1 m bgl, if possible, based on the 
ground conditions. Groundwater monitoring wells were drilled using a Geoprobe drilling rig with 
direct push methodology to the target depth of 3 m. Sampling was conducted at the surface, at 
0.5 m bgl, at 1 m bgl and at approximate 1 m intervals thereafter (for groundwater well and soil 
borehole locations). 

GHD submitted two samples per soil bore and groundwater monitoring well location for analysis 
nominally from close to the surface (surface and 0.5 m bgl) or at a depth where signs of 
contamination were noted. The remainder of samples were placed on hold at the primary 
laboratory for a period of six months, pending further analysis of deeper samples, if required. 
Photographs were taken of the soil cores and sampling locations throughout the sampling 
activities where possible. 

6.4.4 Groundwater well installation 

Prior to commencing the groundwater well installations, concrete coring of the proposed 
locations was completed (where required), and soil sampling undertaken as per Section 6.4.3. 

The shallow groundwater monitoring wells were drilled using a Geoprobe drilling rig using direct 
push methods to the targeted depth to allow for collection of undisturbed samples, followed by 
solid or hollow flight augers (whichever was more appropriate based on soil conditions) to a 
maximum depth of 3 m below the encountered groundwater table. The deeper groundwater 
wells (i.e., those installed in the sandstone) were drilled as per the shallow groundwater 
monitoring wells until refusal, and completed to depth by air rotary/hammer drilling. The 
groundwater installation was targeted to one strata (being the unconsolidated sands overlying 
the sandstone) and had the following general characteristics: 

 50-mm polyvinyl chloride (PVC) class 18 blank and screened casings 

 Screened casing slots (commercial factory manufactured) were no greater than 1 mm in 
width 

 Blank and screened PVC casings were attached using flush mounted factory-threaded 
joints 

 Due to the variable groundwater conditions, screens were installed crossing the 
encountered water strike 

 Filter pack material was uniformly graded clean, coarse, sub-rounded to rounded silica 
sand or similar material, with a high coefficient of uniformity extending at least 0.5 m above 
the screened PVC casing 

 Bentonite pellets were used as annular sealant and extend at least 0.5 m above the filter 
pack where possible 

 Wells were grouted from the top of the bentonite to the surface 

 Monitoring wells were finished with a stainless steel monument cover or a flush mounted 
gatic cover and cemented (depending on Defence requirements for certain areas) 

 Wells were developed following completion using Teflon-free equipment by purging at least 
three well volumes (where possible) 
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Following installation, the new and existing monitoring wells were accurately surveyed by a 
licensed surveyor to AHD and Map Grid of Australia (MGA). The depth to groundwater in the 
installed and existing wells was measured to allow an estimate of the groundwater flow 
direction. 

The monitoring wells installed during this investigation are considered to be valuable as 
long-term infrastructure and should be retained for any future proposed monitoring events. 

6.4.5 Groundwater sampling (onsite) 

After a settling period of at least one week, all wells were gauged to determine the standing 
water levels by the use of an interface water level probe and sampled using low-flow sampling 
techniques. Depth measurements were referenced to the top of well casing as an established 
datum. Where possible, depth measurements were recorded to the nearest mm. Where 
possible, total well depth and the height difference between the well head and the ground level 
was recorded. 

The wells were purged and sampled using Teflon-free dedicated and disposable HDPE tubing 
coupled to a peristaltic pump system. Using this approach, only dedicated disposal equipment 
came into contact with the sample, to reduce the risk of cross contamination between sampling 
locations. The collection point was placed within the screen interval and the flow rate reduced to 
achieve a low flow sampling effect whereby water is preferentially drawn in through the well 
screen. This was verified through monitoring of the water level during sampling and by avoiding, 
to the extent practicable, drawdown of the water in the well due to pumping. 

Field parameters measured during purging on a calibrated water quality meter, included 
temperature, pH, electrical conductivity (EC), dissolved oxygen (DO) and oxidation reduction 
potential (ORP). Field parameters were recorded on field data sheets and can be found in 
Appendix L. 

Wells were purged until parameters stabilised, after which the sample was collected in 
laboratory supplied bottles. Following sampling, the sample containers were placed into a 
chilled cooler box for transport to the laboratory for analysis. 

Low yielding wells that were purged dry were left to recover. Following recovery of groundwater 
levels, sampling proceeded on the assumption that the water that accumulated in the well 
represented inflow from the aquifer screened by the well. In this instance, measurement of one 
round of stabilisation parameters was conducted to provide a cross check and ensure 
representative formation water is being collected. 

Groundwater sampling locations were sampled twice (where possible) to include a period of dry 
weather (at least two weeks prior) and a period of wet weather (after 25 mm in 24-hour period 
where practicable and safe). 

6.4.6 Groundwater sampling (offsite) 

Offsite groundwater wells were installed as part of the offsite investigation program. These were 
gauged and sampled using the same methodology as onsite monitoring wells as described in 
Section 6.4.5. 

Deep groundwater wells were installed in offsite locations as part of the investigation program. 
These wells were purged and sampled using Teflon-free dedicated and disposable HDPE 
tubing coupled to a low-flow micropurge kit. Reusable equipment was decontaminated between 
each location using phosphate-free and PFAS-free detergent (Liquinox Decon) and rinsed using 
tap and deionised water. 

Field parameters measured during sampling included temperature, pH, EC, DO, and ORP. Field 
parameters were recorded on field data sheets (Appendix L). 
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Water sampling locations were sampled twice (where possible) to include a period of dry 
weather (at least two weeks prior) and a period of wet weather (after 25 mm in 24-hour period 
where practicable and safe). 

6.4.7 Surface water sampling 

On and offsite surface water sampling locations were selected with the aim of identifying areas 
of potential or likely runoff from PFAS sources. 

Surface water samples from the STP retention pond (E_SW01 to E_SW04 on Figure 6-5), Lake 
McKenzie (LM_SW01 to LM_SW03 on Figure 6-14) and Lake Windermere (LW_SW01 to 
LM_SW03 on Figure 6-14) were collected from the edge of the water bodies. It was considered 
that the distribution of PFAS in surface water would be homogenous following effective diffusion 
and potential convection, and as such the sampling strategy was considered appropriate for 
characterising these water bodies. 

Surface water samples were collected directly from the water body from the embankment using 
a long handled sampler (where necessary) and decanted directly to laboratory prepared sample 
bottles. Where embankment stability allowed, the capped sampling container was inserted into 
the surface water with the opening pointing down to avoid the collection of surface films (DER, 
2017). In this case, the sample container was opened for sampling when at least 10 cm from the 
sediment bed and below the surface water level (DER, 2017). Field parameters, as per the 
groundwater sampling, were measured at the time of sampling using a calibrated water quality 
meter and recorded on field sheets (Appendix L). 

Surface water sampling locations were sampled twice (where possible) to include a period of 
dry weather (at least two weeks prior) and a period of wet weather (after 25 mm in 24-hour 
period where practicable and safe). 

6.4.8 Sediment sampling 

Sediment samples were collected using a decontaminated stainless steel trowel from open 
drains where water depth and embankment stability allowed. GHD used a hand auger to collect 
undisturbed sediment samples in areas where sampling with the trowel was not possible. 
Samples were collected at the surface and at a maximum depth of 0.3 m bgl. The depth of the 
sample was determined by the amount of recovery within the auger and the obvious sediment 
layer differences observed such as colour, moisture content, organic content and composition. 

Sediment samples from Captains Lagoon, Flat Rock Creek, Summercloud Creek, Mark Creek, 
Lake McKenzie, Lake Windermere, Jervis Bay, Wreck Bay and the unnamed water bodies were 
also collected using the above method if possible, however depending on site conditions, some 
samples were taken from a boat using a steel grab sampler to obtain samples from the bottom 
of the deep water areas. The sampler is activated as the device hits the top of the sediment (the 
sediment/surface water interface), where it fires a spring-loaded pin releasing the grab sampler. 
The grab sampler then collects sediment from the base of the sediment to up to 0.1-0.15 m 
below the sediment base, with the recovery dependant on the sediment type. 

Samples were collected from the sediment/water interface. The depth of the water column 
(recorded with tape) and a description of the sediment type at each location was measured and 
recorded (Appendix L). 

Sediment samples from the STP retention pond, Lake McKenzie and Lake Windermere were 
collected from the edges of the water bodies consistent with surface water samples as 
discussed in Section 6.4.7. It was anticipated that the fringes of the water bodies would have 
the highest concentrations of PFAS in sediment, given that the areas sampled were near inflow 
or outflow areas to the respective features. Specifically in regards to the lakes, sample areas 
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were also located on the eastern boundary, closest to surface water discharge points emanating 
from JBRF. 

Sediment sampling locations were sampled twice (where possible) to include a period of dry 
weather (at least two weeks prior) and a period of wet weather (after 25 mm in 24-hour period 
where practicable), coinciding with surface water sampling where practicable and safe. 

Pore water was extracted from selected sediment samples by the laboratory via centrifuge. 
Samples were selected based on laboratory results, soil profile, and geographic location.  The 
resultant pore water samples were then analysed for PFAS. 

6.4.9 Aquifer testing 

Rising head tests on 11 representative wells onsite and offsite (including alluvial and sandstone 
wells, see Table 8-4), were completed to assess hydraulic parameters and characteristics of the 
aquifer for the purposes of collecting data for groundwater modelling. 

The rate of water level recovery observed during the test allowed a simple assessment of the 
hydraulic conductivity (K) and assisted with the interpretation of the rate of groundwater flow. 
Slug test data was analysed using the Hvorslev Method (Freeze & Cherry, 1979). 

Further details on the locations for the hydraulic testing, including screen unit and lithology is 
presented in Section 8.2.5. 

Twelve data loggers were deployed to monitor the groundwater levels between monitoring 
events to review the effects of rainfall and tides, and to assist with groundwater modelling. The 
monitoring was undertaken at 19 locations, over two data logging events, as summarised in 
Table 8-3. 

6.4.10 Biota sampling 

All flora and fauna handling was conducted in compliance with the GHD Animal Ethics 
Committee’s requirements. This involved following Standard Operating Procedures (SOPs) for 
the survey methods employed and species targeted. The ethical treatment of animals remained 
a priority for all tasks. Maintaining biodiversity, by avoiding local extinctions and being culturally 
sensitive in collection practices was also an important consideration of sampling methods. 

A field team consisting of at least one ecologist was responsible for species identification and 
organism collection. Dissections and/or compositing (if necessary) was completed by GHD 
personnel in the field prior to submission to the laboratory (with the exception of terrestrial 
vertebrates, see Section 6.4.13). A sufficient sample volume to allow for duplicate samples and 
matrix spiking was achieved for all samples, where practicable. Decontamination of reusable 
equipment (such as trowels, forceps, scissors, etc., if required) was undertaken as described in 
Section 6.4.17. GPS coordinates and photographs of each sample (or composite) were taken. 
All biota samples collected were placed into laboratory verified PFAS-free containers and 
labelled with a unique tracking code. Samples were frozen prior to submission to the laboratory. 

Attributes of biota collected (such as weight, length and health condition) were recorded 
electronically on field tablets during dissection and in the field during collection, including 
photographs (Appendix H). 

Samples were collected from all locations identified in the SAQP, with some minor changes 
based on cultural advice, accessibility and safety (GHD, 2017a), with samples from primary 
locations being submitted for analysis and secondary samples frozen and placed on hold, 
pending analysis of co-occurring soil, surface water, and/or sediment results. A number of 
secondary samples were submitted following the review of the results of the primary samples. 
These included: 
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 Moss samples (known to be used by the Wreck Bay community for wound coverings) from 
Captains Lagoon freshwater location (detections were reported in mosses collected from 
Mary Creek). 

 Geebung samples from Captains Lagoon (samples collected were flora with immature fruit), 
as geebungs are known to be consumed by the Wreck Bay community). 

 Ground based insects (beetles, spiders, earthworms and ants) from Captains Lagoon and 
Summercloud Creek catchments to delineate range of impact to these organisms as 
primary samples were submitted from predominantly onsite areas. Further to this, the 
higher concentrations from onsite insects were expected to bias the calculations used for 
food web modelling within the ERA. 

 Additional analysis of yabbies and lilly pilly fruit, known to be consumed by the Wreck Bay 
community and to verify the consistency of the analytical results from both the primary and 
secondary laboratories. 

 Whole organism homogenates (fish and crayfish) in cases where PFAS was detected in the 
fillet/edible tissue. 

6.4.11 Biota processing and laboratory analysis 

Samples were sent to ALS for analysis, with inter-laboratory duplicate samples submitted to 
NMI for verification. All samples were shipped by cold freight with the appropriate CoC 
documentation. During field efforts, samples were shipped direct from the field teams to each 
laboratory. Samples that were analysed after field works were completed (i.e., secondary 
samples or samples resubmitted for confirmation following initial results) were submitted to ALS, 
where samples were homogenised (if relevant) and then split and sent to NMI. 

Sampling was conducted at each location for each species of interest identified in the SAQP 
(GHD, 2018b). Final sample numbers and types varied slightly, depending on access and 
abundance of biota at each location. Generally, a minimum of three species of each trophic 
level (flora, invertebrates and vertebrates) were targeted from each location. Unless otherwise 
specified, five individuals from each location were targeted, but for smaller organisms such as 
terrestrial invertebrates, composites of additional individuals were required to meet minimum 
sample weight requirements. Variations to the SAQP are presented in Appendix E. 

6.4.12 General Biota Sampling Techniques 

The most appropriate sampling technique at each location was determined based upon the field 
conditions at the time of sampling and the species being targeted. Detailed sampling 
techniques, as well as ethical considerations, are outlined below, and were undertaken in 
accordance with methods approved by GHD’s Animal Ethics Committee. Post survey reports for 
biota sampling are presented in Appendix O. 

During biota sampling, ecologists used passive survey methods to record the presence of 
non-target species in both aquatic and terrestrial sampling locations. This data may be useful in 
understanding the exposure pathways. Generally, direct observation surveying was conducted 
during sampling operations at each location. The method of direct observation can include a 
variety of techniques which encompass; scat searches, habitat searches, visual observations 
and auditory observations. These techniques were used to survey for a suite of birds, mammals, 
fish, reptiles and amphibians, and are used by GHD ecologists in all fauna surveys. These 
observations can also be referred to as ‘opportunistic’ or ‘incidental’ observations and will be 
used to inform the ERA.  
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Invertebrate sampling 

Sampling for aquatic or terrestrial invertebrates included light traps, dip nets and/or crab pots 
and shrimp traps. 

Light traps 

Light traps are used in marine, estuarine and freshwater environments to sample primarily 
invertebrate species that are positively phototactic. These traps commonly consist of an 
electrical light source placed inside a collecting funnel. The traps were left out overnight and 
collected in the morning. Target species were accumulated in collecting jars below the light trap. 

Dip nets 

Dip netting was used in estuarine and freshwater habitats to sample invertebrates and fish. 
Field personnel manually removed the organism(s) from the waterway and into a receptacle 
(e.g., bucket) for processing (identification, weight, measurement, count, etc.). 

Crab pots, lobster pots and shrimp traps 

Crab pots and shrimp traps were used in marine, estuarine and freshwater environments for 
collection of crustaceans. GHD deployed recreational crab pots that were approximately 80 cm 
in diameter with four or two funnel openings. Shrimp traps used were similar to bait traps 
described below. Lobster pots were approximately 60 cm wide and consisted of a single 
opening at the top. Traps were set by baiting, securing the trap to a float and placing the trap in 
the water. In freshwater environments where freshwater turtles and other air breathing aquatic 
fauna may enter the traps, traps were fixed to the bank on short ropes to ensure a portion of the 
trap was above water level and allowed access to air. The traps were set for a period of no 
more than 16 hours. Pots were set to catch lobsters and crabs overnight, whereas shrimp traps 
were set to catch small fish and invertebrates. 

Vertebrate sampling 

Sampling for fish was conducted using fyke nets, freshwater bait traps, seine nets, cast nets, 
electrofishing, or angling depending on species targeted and site conditions. Fish of edible size 
were filleted and the edible portion sent to the laboratory for testing. All other fish not of edible 
size or not known to be consumed by humans were sent as whole animals. 

Fyke nets 

GHD utilised large dual wing fyke nets. Generally, fyke nets were set with the cod end attached 
to a bank. If a suitable bank was not present then a timber stake pegged securely into marginal 
shallows was sufficient. The main aim of setting the net in this way is to ensure that any 
air-breathing aquatic fauna that may be trapped will have access to air. A float was placed in the 
cod end to keep it afloat should it become unattached from the bank or stake. The nets were 
laid at an angle to the creek bank from the attached cod end. The net angle was dependant on 
a number of factors including flow velocity and mesh size, water depth and in-stream structures 
(woody debris). The wing of the net was outstretched and staked into the substrate to guide any 
passing fish into the opening of the net. The nets were compartmented and designed for one 
way movement of aquatic fauna through to the cod end. Visual survey of the waterway was 
conducted for 10-15 minutes to identify presence of non-target species, including platypus. Nets 
were set overnight for a maximum of 12 hours where platypus were not considered to be 
present. In all other situations, nets were set for a maximum of six hours. Fyke nets were used 
in freshwater and estuarine habitats. 
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Freshwater bait traps 

GHD deployed bait traps with a funnelled opening at each end (0.22 m x 0.22 m x 0.4 m, with 
2 mm stretched mesh) and were set baited in the littoral zone close to emergent vegetation, 
submerged macrophytes and woody debris. Bait traps are a quick and easy method of sampling 
small fish amongst woody debris, dense vegetation, steep banks and deep water. Traps were 
set by baiting, securing the trap to the bank and placing the trap in the water. 

Seine nets 

Seine nets were used to actively sample fish species. GHD utilised 10 m and 5 m seines of 
2 mm mesh size. Operation was via two people, one at each end, dragging the net through 
open sections of water. Each seine haul was standardised to 10 m transects. Multiple hauls 
were conducted at each site to target the following habitat types: 

 Stands of emergent and submerged vegetation (requiring great care during retrieval to 
prevent fish escaping) 

 Areas adjacent to snags/woody structure 

 Areas underneath overhanging vegetation 

 Open water 

 Isolated pools 

After each seine haul, fish were placed in a bucket of water for recovery and processing. 
Non-target organisms were placed in buckets to recover before being returned to the 
waterbody. Oxygen levels in recovery buckets were maintained using battery-operated aerating 
pumps. 

Electrofishing 

Backpack electrofishing involved a two-person team operating in freshwater pools and riffles to 
a maximum depth of operator hip height. Electrofishing is undertaken using electricity provided 
from batteries and transferred into the water, as a pulsed DC waveform, via a backpack unit 
which was carried by the operator. Immobilised fish were dip-netted from the water by the 
assistant, and placed in a bucket of water (from the sampled water body) for recovery and 
processing. Recovery buckets were not overcrowded, and water was kept oxygenated using a 
battery-operated aerating pump. This method was utilised where conductivity of water allowed 
(EC=<1000 µS/cm). 

Angling 

Boat and shore based angling was employed at marine and estuarine sites, as relevant. Angling 
was undertaken using specific baits, jigs, and lures known to be attractive to target species. A 
particular method or gear type was used until the maximum number of individuals were 
collected per site. All additional non-target species caught were returned to the water as soon 
as possible to reduce stress and injury. 

Euthanasia of aquatic fauna 

Fish were euthanised by pithing using the ike jime method before being frozen. Crustaceans 
and cephalopods were euthanised using a two-step approach set out in the American 
Veterinary and Medical Association (AVMA) euthanasia guidelines. Individuals were first 
immersed in a bath of ethanol before being frozen. These approaches were selected as they 
were the least likely methods to cause cross-contamination of samples with products that may 
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contain PFAS, whilst being acceptable low-stress forms of euthanasia. All non-target species 
were returned to the water unharmed. 

A summary of the techniques used for collection of species relevant to the DSI are included in 
Table 6-5. 

Table 6-5 Summary of biota sampling techniques utilised during the 
investigation 

Species Common Name Gear Type 

Acanthopagrus australis Yellowfin Bream A 
Ambassis jacksoniensis Port Jackson Glassfish F, SN, BT 
Platycephalus bassenis Southern Bluespot Flathead A 
Mugil cephalus Sea Mullet A, S, FN 
Sepioteuthis australis Southern Calamari A 
Nelusetta ayraudi Leatherjacket A 
Gobiomorphus australis Striped Gudgeon EF, FN 
Pomatomus saltatrix Tailor A 
Sarda australis Australian Bonito A 
Sillago ciliata Sand Whiting S 
Platycephalus fuscus Dusky Flathead A 
Retropinna semoni Australian Smelt EF 
Galaxias olidus Mountain Galaxia EF, BT 
Hypseleotris sp. Gudgeon EF, BT 
Heteroscarus acroptilus Rainbow Cale A 
Chelodina longicollis Eastern Long-necked Turtle FN, CP, 
Euastacus spinifer Giant Spiny Crayfish CP, F 
Scylla Serrata Mud Crab CP 
Oryctolagus cuniculus European Rabbit Shoot 
Vulpes Fox Shoot 
Notes: 
EF – Electrofishing 
BT – Bait trap 
CP – Crab pot 
S – Seine net 
A – Angling 
FN – Fyke nets 
MC – Manual collection 
Shoot – Defence sponsored shoot 

6.4.13 Terrestrial sampling 

Flora 

At each terrestrial sampling location, 10 flora species were targeted, as available. These 
included bracken, wombat berry, heath banksia, coastal health (Epacris mirophylla), grasses 
(Poaceae spp.), bladey grass (Lomandra longifolia), water vine mountain devil (Lambertia 
formosa), narrow-leaved geebung (Personia linearis), and pigface (leaves) (Carbobrotus 
glauceseens). 
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Grasses were trimmed and collected above ground surface to approximate the edible portion for 
rabbits and other herbivorous mammals and marsupials. Roots were collected by digging with a 
small hand trowel (or similar). Excess soil was knocked off gently by hand, but roots were left 
unrinsed, leaving some soil attached to approximate exposure to ecological receptors. Fruits 
and/or flowers, depending on seasonal availability, were sampled to approximate the exposure 
to nectarivorous birds or insects, and humans, where present. For fruits expected to be 
consumed by humans, the edible portion was sampled (i.e., rinds, seeds or husks were 
removed). Care was taken to minimize damage to any individual plant. 

Invertebrates 

Opportunistic sampling of invertebrates was conducted at each location for eight functional 
feeding groups (ants, beetles, worms, spiders, flying insects, snails, millipedes/centipedes and 
leeches). Active sampling techniques, including hand collection using tweezers, butterfly nets, a 
small trowel and a shovel were used to capture the majority of invertebrates. Ant nests were 
targeted at each location with bull ants (Myrmecia) and carpenter ants (Camponotus) the most 
dominant species across the Investigation Area. Species of worms (Oligochaeta), spiders 
(Araneae), millipedes/centipedes (Arthropoda) and leeches (Clitellata) were all collected from 
the leaf litter with similar species collected where possible for consistency. Samples of flying 
insects including bees (Apidae), butterflies and moths (Lepidoptera) and flying ants (Formicidae) 
were preserved in Liquinox in sampling jars to assist in collection. Strict decontamination 
practices were used in the field including use of new gloves for each sample, washing of all 
equipment in Liquinox between each sample and use of appropriate clothing to avoid false 
positive readings. 

Some passive sampling techniques were also used when more cryptic invertebrates could not 
be obtained. These included use of a UV bug light trap set up overnight used to collect a variety 
of moths (Lepidoptera), use of a flight interceptor trap used to collect beetles (Coleoptera) and 
small scale pitfall traps which aided in collection of ants, however these techniques proved 
much less successful and were used infrequently. 

Fauna 

Frequent communication was maintained with BNP and Defence personnel throughout the 
sampling process. Rabbits and foxes were present in sufficient abundance to result in a 
Defence sponsored cull onsite on 8 February 2018 and 23 February 2018. 

The shoot on 8 February 2018 took place within both JBRF and HMAS Creswell. Two young 
adult foxes (one female, one male) and two young adult rabbits (both female) were shot and 
collected from JBRF with no rabbits or foxes observed at HMAS Creswell. 

An additional shoot took place on 23 February 2018 within both JBRF and HMAS Creswell (see 
Figure 6-15). Two female rabbits (one juvenile, one adult) were shot and collected at JBRF. Two 
foxes were culled within the runway area however these were not collected or sampled. Four 
male rabbits (two juvenile, two adults) were shot and collected from within the HMAS Creswell 
guardhouse area. 

No marsupial culls occurred during the sampling works, however, sampling may occur during 
future culls to address this pathway if required. 

6.4.14 Freshwater sampling 

Flora 

Various macrophytes were collected at each freshwater location. These included mosses, 
algae, ferns, rushes and other various macrophytes, as available. Edible roots were targeted 
and submitted unrinsed, leaving some soil attached to approximate exposure to herbivorous 

https://en.wikipedia.org/wiki/Clitellata
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bird species. Mosses were reportedly used by the Wreck Bay community for medicinal purposes 
and were therefore targeted at freshwater locations, as available. Care was taken to minimise 
damage to surrounding plants. 

Macroinvertebrates 

Sampling of macroinvertebrates was conducted at each location for aquatic insects, gastropods 
(snails), bivalves (mussels) and yabbies. Passive sampling included box trapping and any 
by-catch resulting from fish sampling. Active sampling including sweep and kick-net sampling. 
Invertebrates sampled included dragonflies (Odonata), caddies flies (Trichoptera), freshwater 
shrimp (Decapoda), spiny crayfish (Decapoda), flatworms (Turbellaria), water skaters and water 
boatmen (Hemiptera), and beetles (Coleoptera). Spiny crayfish were checked for external 
parasites with the edible tissue (tail) collected for inclusion in the human health risk assessment 
and the whole bodies placed inside containers provided by the laboratory and homogenized for 
whole body analysis to include in the ecological risk assessment. 

Vertebrates 

Small fish species were encountered at most freshwater locations, many of which were 
unsuitable for human consumption. These species included mountain galaxias (Galaxias 
olidus), striped gudgeon (Gobiomorphus australis) and Australian smelt (Retropinna semoni). 
Fish sampling was undertaken using netting (fyke nets or seine nets), or electrofishing along 
Mary Creek, Summercloud Creek and Lake McKenzie. All native fish, with the exception of 
those identified above, were returned to the water. Composite weight and length of the largest 
individual per composite were recorded. Fish were checked for external parasites. Individuals 
were placed inside containers provided by the laboratory and homogenized for whole body 
analysis to include in the ecological risk assessment. Sampling effort and methods employed at 
each site were recorded, in addition to GPS coordinates and photographs taken for each 
sample. 

6.4.15 Marine/estuary sampling 

Noting the seasonal variability with marine species, the sampling program was considered to be 
generally successful in collecting the anticipated species. Sampling was undertaken using 
methods employed by anglers in the area and so it is likely that the recreationally targeted 
species were captured. 

Flora 

Various macroalgae were collected at each marine/estuarine location. These included seaweed, 
kelp (Ecklonia radiata), ribbonweed (Posidonia spp.), Neptune’s necklace (Hormorisa banksii), 
bulrush (Schoenaplectus spp.), and common reed (Phragmites australis). Samples were not 
rinsed to approximate exposure to herbivorous fish species. Care was taken to minimise 
damage to any individual plant. 

Invertebrates 

Opportunistic sampling was conducted at each location for six marine sample types including 
worms (Ophunidae spp.), urchins (Centrostephanus rogersii), bivalves (Saccostrea glomerata 
and Plebidonax deltoides), gastropods (Pyrazus ebeninus, Turbo torquatus and Haliotis spp.), 
cephalopods (Sepioteuthis australis) and crustaceans (whole organism and edible tissue) 
(Parataya sp. Trypaea australiensis, Grapsidae and Metapenaeus macleayi.). 

Bivalves, snails and other hard-surface dwelling invertebrates were collected by levering from 
substrates before being placed inside laboratory verified PFAS-free containers. Oysters were 
shucked in the field prior to being supplied to the laboratory. 
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Squid (southern calamari) were collected opportunistically during fishing operations. 
Crustaceans were collected using commercial round crab pots deployed in backwater areas. 
Pots were deployed in appropriate habitats determined during field investigations. GPS 
locations for each pot were recorded. Pots were appropriately marked in accordance with NSW 
Department of Primary Industries (DPI) - Fisheries and SOP requirements with details 
(e.g., contact name/number) provided on labels attached to surface floats. 

All native crustaceans and fish caught within traps were removed and returned to the water at 
the end of the soak time with the exception of mud crabs or any target fish species. A maximum 
of five individuals were kept for sampling purposes. Individuals were euthanized using an 
ethanol bath. Claw tissue from each of the five individuals was removed and retained on ice 
before being frozen for sample analysis. The remains of the five individuals were kept on hold 
should further analysis be required. Only individuals of legal size were sampled as permitted by 
DPI - Fisheries. 

Fish 

Fish sampling was undertaken nearshore for smaller bait fishes as well as along rock shelves 
and outcrops up to 1 km from the shore, adhering to sanctuary and special purpose zone 
requirements in Jervis Bay and Wreck Bay, as applicable. Where larger individuals were 
collected, edible fish tissue was collected for inclusion in the human health risk assessment. 
Collected species included yellowfin bream, sea mullet, whitebait, blue spot flathead, 
leatherjacket, bonito, tailor, gudgeon, dusky flathead, whiting and rainbow cale. In general, 
species with known recreational and/or commercial significance were targeted. All native fish 
besides those identified above were returned to the water. 

Fish sampling was undertaken using netting and box traps along the inflows of Mary Creek into 
Wreck Bay, at Flat Rock Creek and at a small, unnamed creek east of Telegraph Creek (upper 
reaches of Captains Lagoon) into Jervis Bay. On the edges of rocky outcrops and shelves, boat 
or land based angling was employed to catch target species. 

A maximum of 25 individuals of each of the target species were euthanized via the ike jime 
method per sampling location. Weights and lengths of individuals were recorded. Fish were 
checked for internal and external parasites, and gill health was observed and recorded during 
filleting of larger, legal-sized fish. Scales were removed from edible portion samples (fillets) prior 
to submission to the laboratory. Samples collected from secondary locations, and the remains of 
larger organisms submitted for fillet analysis were retained on hold following initial results. Thirty 
five whole organisms (where PFAS was identified in the edible tissue) were homogenised for 
whole body analysis to include in the ecological risk assessment. 

6.4.16 Collection and disposal of waste 

At the conclusion of this project, biota that have been found to have concentrations below the 
limit of reporting will be disposed of through general waste. Those with concentrations of PFAS 
detected will be disposed of through a provider certified to receive PFAS impacted material. 

All waste soils, concrete and water generated as part of the project have been managed onsite 
by Defence. 

6.4.17 Decontamination of sampling equipment 

To avoid cross-contamination between samples and sampling locations, all reusable sampling 
and drilling equipment was decontaminated prior to use and at the completion of sampling at 
each sample location. Two separate mobilisations were undertaken as part of this project (2017 
and 2018), and different methods of decontamination of equipment were utilised based on the 
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available resources and guidance at the time of the investigations. These are summarised 
below. 

During the onsite investigation mobilisation in 2017, the following decontamination procedure of 
all reusable equipment was undertaken: 

• Equipment washed and scrubbed using tap water, after each sampling location. 

• Rinsed with deionised water (supplied by the laboratory), and allowed to air dry. 

• No detergents were utilised, as no PFAS-free detergent was able to be confirmed at the 
time of the 2017 mobilisation. 

• At the completion of the sampling day, all equipment was again washed and scrubbed using 
tap water. Warm or hot water was utilised where available. Equipment was rinsed with 
deionised water, and allowed to air dry. 

During the offsite investigation mobilisation in 2018, the following decontamination procedure of 
all reusable equipment was undertaken: 

• Preliminary wash and scrub in tap water, after each sampling location. 

• Washed utilising Liquinox® which is considered suitable for decontamination when 
assessing for PFAS (NHDES, 2016), and rinsed with clean tap water. 

• Rinsed with deionised water (supplied by the laboratory), and allowed to air dry. 

• At the completion of the sampling day, equipment was checked and the above washing 
procedure undertaken again if required. 

During the completion of the field investigation program seven rinsate samples, out of a total of 
170 samples, had reportable PFAS concentrations. A complete review of the significance of 
these detects is presented in Appendix D. It was concluded that the quality of the data set had 
not been compromised as a result of equipment decontamination procedures. 

Prior to sampling/drilling, a rinsate sample was collected from all new equipment brought onto 
site using laboratory supplied and certified PFAS free water (Appendix D). In addition, all 
samples were handled by field staff in accordance with DER requirements (DER, 2017) (prior to 
the release of the NEMP (2018)) and using clean disposable nitrile gloves which were replaced 
between each sample. 

6.5 Laboratory analysis 

The objective of the analytical program was to gather quantitative data on potential 
contamination that is of high quality, which is definitive and suitable for comparison against 
relevant assessment guidelines. 

6.5.1 Laboratories 

The nominated laboratories utilised in this investigation, which are NATA accredited for the 
specific analytical procedures were: 

 Primary laboratory: ALS Environmental, Smithfield, New South Wales 

 Secondary laboratory: Eurofins mgt, Lane Cove West, New South Wales 

 Secondary laboratory for biota samples: NMI, North Ryde, New South Wales 

6.5.2 Analytical methods 

All soil, sediment and groundwater samples (onsite and offsite) were analysed using a standard 
LOR for all analytes including PFAS, with standard PFAS LORs provided in Appendix A. 
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All surface water samples (onsite and offsite) were analysed using a standard LOR for all 
analytes excluding PFAS. PFAS was analysed at super trace levels to meet the respective 
regulatory guidelines where required. 

Analytical methods for the primary and secondary laboratories for all analytes are shown in 
Table 6-6. Methods (apart from PFAS which are not mentioned) are in accordance with the ASC 
NEPM (NEPC 2013) Schedule B3 Guidelines for the laboratory analysis of potentially 
contaminated soils and were developed by the laboratories with respect to the assessment 
levels outlined in Section 7. 
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Table 6-6 Laboratory methods 

Sample handling Upon receipt of a batch of samples, the CoC form was signed and 
dated by the laboratory. A hard copy of the CoC was filed and stored 
and an electronic copy was filed under a unique work order number. A 
copy of the signed CoC was emailed to GHD along with the sample 
receipt notification. 
The temperature of the samples was recorded at receipt, along with a 
description of the chilling method (e.g., ice) and condition of insulated 
container (i.e., security seals intact). Bench space was allocated per 
work order so samples cannot be mixed with other work orders. 
The work order was logged and unique, water-proof labels were 
produced and adhered to each sample container. 
Samples were organised by sample type and/or preservative and were 
stored below 6ºC until analysed. 
The laboratories follow Good Laboratory Practice including the 
maintenance of clean equipment and instrumentation to minimise the 
potential for cross-contamination of samples. 

PFAS PFAS in soil, sediment, concrete, water and biota were analysed by 
NATA accredited laboratories, ALS, Eurofins and NMI. Samples were 
analysed via liquid chromatography tandem mass spectrometry 
(LC-MS/MS) instrumentation. Isotopically labelled analogues were 
used for quantification, where available, or internal standards with 
similar chemistries and comparable retention times were used. 
Extraction and analytical methodology was in accordance with 
DOE/DOD Quality System Manual (QSM) 5.1 (Table B15) (DOD/DOE, 
2018). The ‘sum PFAS’ reported by ALS and Eurofins includes all 
compounds of the analysed suite where concentrations were reported 
above the LOR. 

PFAS reference 
standards 

A mixed standard of linear and branched PFOS isomers was used for 
abiotic media, while branched and linear isomers were analysed 
separately in biota samples by ALS. The analytical standards are 
purchased commercially from an overseas supplier and are regarded 
as a certified reference material as the concentrations of the PFAS in 
the mixture are known and carefully considered. The ratio of branched 
to linear isomers approximates those normally encountered in industry 
and the environment. The mixture of branched and linear isomers is 
then utilised to determine the concentrations of PFAS submitted to the 
laboratory for analysis. 

6.5.3 Non-PFAS sampling and analysis 

Consistent with the Golder Associates Technical Memorandum dated 30 March 2017 (reference 
1652034-060-M-Rev2) entitled “Laboratory Analysis Suite”, a portion of soil, sediment, surface 
water and groundwater samples were analysed for a broad suite of non-PFAS contaminants 
(Golder Associates, 2017). In this respect, Defence’s objectives are to: 

 Optimise the collection of environmental data at Defence sites while PFAS investigations 
are underway. 

 Gain an understanding of other chemicals of potential concern (COPCs) that may be 
present on the site and/or may be migrating offsite. 

 Implement a baseline consistent approach across the Defence estate properties subject to 
a PFAS investigation. 

 Incorporate the analysis of 1,4-Dioxane into the groundwater monitoring program. 

A factual report detailing the non-PFAS sampling, analytical program, QA/QC procedures and 
results is presented in Appendix P. 
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6.6 Compliance with the Sampling and Analysis Quality Plan 

While the investigation completed as part of the DSI generally complied with the SAQP (GHD, 
2018b), there were some deviations (Appendix E). Any deviations from the SAQP were 
discussed with the Site Auditor. 

The variances to the original SAQP for soil, concrete, sediment, surface water and groundwater 
program are summarised and the implications to the DSI discussed in Table E1 in Appendix E. 
The variances to the biota sampling program, with reference to the SAQP are discussed in 
Table E2 in Appendix E. 

Overall, the data set that was obtained during the DSI was considered suitable to meet the 
project objectives. A review of the QA/QC program is presented in Appendix D and discussed in 
Section 10. 
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7. Assessment levels 
The following sections focus on assessment levels and results of the PFAS investigation. A 
factual report detailing the non-PFAS sampling, analytical program, QA/QC procedures and 
results is presented in Appendix P. 

7.1 Guidelines 

The PFAS assessment levels adopted for the DSI are based upon the Heads of Environmental 
Protection Authorities Australia and New Zealand (2018) PFAS NEMP (HEPA, 2018). 

Where the NEMP (2018) does not present an assessment level for a particular medium or 
exposure scenario, assessment levels presented in other regulatory made or endorsed 
guidelines have been adopted, including: 

 Food Standards Australia New Zealand (2017) Perfluorinated Chemicals in Food (FSANZ, 
2017a). 

 Government of Canada. Interim Advice to Federal Custodian Departments for the 
Management of Federal Contaminated Sites Containing Perfluorooctane Sulfonate (PFOS) 
and other Per- and Polyfluoroalkyl Substances (PFAS) Version 1.4.1, April 2018. 
(Government of Canada, 2018). 

As identified by the ANZAST (2018), “water resources have important cultural and spiritual 
values, particularly for indigenous peoples.” Whilst consideration of cultural issues was beyond 
the scope of the DSI at the Tier 1 screening stage, extensive community engagement was 
undertaken throughout the investigation to aid in evaluation of risk as part of the HHERA (Tier 
2/3) process and in the event of evaluating contamination management and remediation 
options. GHD considers that the community engagement strategy adopted during the 
investigation is in accordance with incorporating cultural and spiritual values into water quality 
planning as outlined by ANZAST (2018), noting that this guidance was released following the 
investigation and initial reporting.  

7.2 Comments on assessment levels adopted 

Due to the emerging nature of PFAS contamination, assessment levels have not been endorsed 
by environmental regulators for all media and potential human and ecological exposure 
scenarios and there is considerable uncertainty associated with a number of the published 
assessment levels. In this context, a weight of evidence approach has been adopted in the 
evaluation of the analytical data obtained during the DSI. Multiple environmental media have 
been collected throughout the Investigation Area and the requirement for an ERA and/or HHRA 
for each individual exposure scenario has been evaluated on the basis of the outcomes of the 
screening process for the data set as a whole. This evaluation has been undertaken considering 
all potential PFAS exposure pathways identified for each individual scenario in the CSM 
(Section 14). Additional comments specific to the assessment levels adopted for individual 
media are provided as follows. 

7.2.1 Biota 

This DSI has incorporated the direct measurement of terrestrial and aquatic biota to evaluate 
the potential health and ecological implications of indirect (i.e., food chain) PFAS exposures. 
This approach is consistent with the NEMP (HEPA, 2018), which recommends using organism 
concentrations to evaluate whether or not bioaccumulation is an issue of concern at an 
individual site. 
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PFAS concentrations in tissue samples have been evaluated with respect to the ecological 
wildlife dietary guidelines (avian 0.0082 mg/kg; mammalian 0.0046 mg/kg) published in the 
NEMP (HEPA, 2018) and the Government of Canada (2018) Federal Fish Tissue Guideline 
(FFTG) (8.3 mg/kg). The FFTG value was derived on the basis of a study in which mortality, 
rather than potentially more sensitive chronic effects, was monitored as an endpoint. In this 
context, the FFTG has not been used to inform the decision to progress to an ERA, with the 
environmental implications of all samples reporting PFAS concentrations in excess of the NEMP 
ecological wildlife diet guidelines being evaluated in the ERA. 

The potential human health risks associated with the consumption of biota containing PFAS 
have been evaluated with direct reference to the FSANZ (2017a) guideline values. 

7.2.2 Surface water 

Ecological 

This DSI has adopted the 80% and the 95% species protection values presented in the NEMP 
(HEPA, 2018) as the ecological assessment levels to assist in characterising PFAS in surface 
water, rather than the 99% value. The 95% protection level was derived to protect against direct 
toxicity, whereas the 99% protection level broadly encompasses PFAS bioaccumulation within 
the aquatic food chain.  

The 95% species protection levels (for slightly to moderately disturbed ecosystems) presented 
in the NEMP (HEPA, 2018) have been adopted for offsite waterbodies, including the creeks and 
marine portions of the Investigation Area. The 95% species protection levels have also been 
adopted for the majority of onsite drainage channels within JBRF and HMAS Creswell, which 
flow through areas of native low-lying vegetation and may provide valuable habitat for aquatic 
and terrestrial organisms. 

The 80% species protection levels (for highly disturbed systems) presented in the NEMP 
(HEPA, 2018) have been adopted for the onsite drainage channels within AEC A2, which are 
ephemeral and located within highly modified operational areas, with limited value as ecological 
habitat. PFAS concentrations in a range of terrestrial organisms have been used in this 
assessment to evaluate whether PFAS bioaccumulation is occurring within organisms that may 
intermittently use onsite drainage. 

It is acknowledged that the NEMP identifies the 99% species protection level as being most 
appropriate for high conservation value systems, and for use for bioaccumulative compounds, 
however the 99% species protection value (0.00023 µg/L) is less than the LOR achievable by 
commercial laboratories (~0.0003 µg/L). Therefore, any detection of PFAS will be in excess of 
this screening criteria. 

Of the 145 surface water samples collected from surface waterbodies within the Investigation 
Area (not including samples from tanks), 30 samples did not report detectable PFOS 
concentrations3. Notably, PFAS was not detected in surface water collected from Wreck Bay 
and only a single surface water sample collected from Jervis Bay reported detectable 
concentrations.  The samples with PFOS concentrations below the LOR were primarily collected 
from Jervis Bay, Wreck Bay, Lake McKenzie and Lake Windemere; the remainder (115 surface 
water samples) reported PFOS concentration in excess of the LOR (and therefore also in 
excess of the 99% species protection values of 0.00023 µg/L), with all other waterbodies 
reporting multiple PFAS detections. The evaluation of PFOS bioaccumulation in aquatic biota is 
therefore relevant across all of the Investigation Area, outside of the marine environments. 

                                                      
2 Sample locations AB_SW01, AB_SW02 and AB_SW03 on Figure 6-9 
3 The LOR varied from 0.0003 µg/L to 0.05 µg/L 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 104 

There were no concentrations of PFOA exceeding the > 99% species protection level of 
19 µg/L.  

Notably, the derivation of species protection values adopts a species sensitivity distribution 
approach, which results in inherent uncertainty. For emerging contaminants and PFAS in 
particular, the variability and inconsistency in laboratory trials to date has resulted in a 99% 
species protection value that spans seven orders of magnitude of uncertainty. Given these 
limitations, noting that the 99% protection levels were published in draft at the time of reporting 
and that the PFOS 99% value is less than the laboratory LOR, PFAS concentrations in a range 
of aquatic organisms at the receptor level have been used in this assessment to evaluate 
whether bioaccumulation is occurring within the Investigation Area, rather than relying on the 
99% species protection value in the environment (surface water) in which the species are living 
as a predictor of ecological impacts. This approach is consistent with advice provided by NSW 
DPI (M Taylor pers comm 2017) to not use surface water quality investigation levels as a 
predictor of effects, with a preference to use direct measurement of PFAS in biota tissue. 

Based on the availability of potable water to the community, the use of the drinking water 
guideline value from the NEMP (HEPA, 2018) (also published in (NHMRC, 2011)) is considered 
to be highly conservative for the screening of surface water bodies which are unlikely to be the 
primary drinking water supply for community members. Furthermore, the aforementioned 
guideline value is based on daily water consumption of 2 litres and considered to be highly 
conservative for primary drinking water sources (NHMRC, 2011), which indicates that an 
exceedance of this value for surface waters in the Investigation Area may not be representative 
of an elevated risk to consumers of the water. 

7.2.3 Soil 

As outlined in Section 7.2.1, this DSI has used biota sample data to directly evaluate the 
potential health and ecological implications of PFAS accumulation within food chains 
(i.e., indirect PFAS exposures). 

The NEMP (HEPA, 2018) provides screening values for ecological direct soil exposures to 
PFOS and PFOA in soil of 1 mg/kg and 10 mg/kg respectively. These values are noted to be 
interim and were not derived on the basis of ecotoxicity data. Notwithstanding these limitations, 
these values have been used to indicate the order of magnitude of soil concentrations that may 
be associated with direct ecotoxic effects, in conjunction with the lines of evidence approach to 
data screening outlined in Section 7.2. A detailed evaluation of the ecological risk associated 
with the presence of PFAS in soil will be undertaken in the ERA. 

The potential human health risks associated with the presence of PFAS in soil have been 
evaluated with direct reference to the NEMP (HEPA, 2018) human health screening values. 

7.2.4 Sediment 

There are currently no Australian regulatory endorsed assessment levels to evaluate the risk 
posed by PFAS in sediments to ecology or human health. As outlined in Section 7.2.1, this DSI 
has used the direct measurement of PFAS in terrestrial and aquatic biota to evaluate the 
potential health and ecological implications of PFAS accumulation from sediment into biota 
(i.e., indirect PFAS exposures). 

In the absence of an appropriate published alternative, the sediment assessment level of 
0.22 milligrams per kilogram (mg/kg), published for PFOS in marine sediments in Norway 
(Bakke, Källqvist, Ruus, Breedveld, & Hylland, 2010) has been adopted for the screening of 
sediment data for direct contact PFOS and PFOA exposures. No data or references were 
provided to support the derivation of this value and it has not been endorsed by Australian 
environmental regulators, however. All sediment results have therefore been evaluated in 
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conjunction with the results obtained in other abiotic and biotic media and in the context of the 
CSM applicable to the individual area, to ensure that any potential risks are progressed to the 
HHRA and/or ERA. 

In most instances, sediments are expected to be infrequently encountered by human receptors 
(for example, in onsite drainage channels). Locations such as the clay pools (Unnamed Water 
Feature #2), which have high cultural significance to the Wreck Bay community or are 
commonly used to source bush food, will automatically be carried forward to the HHRA as a 
conservative approach. 

7.2.5 Leachate and pore water 

There are no nationally accepted assessment levels for PFAS in leachate or pore water. 
Leachability analysis considers the potential for PFAS mobilisation from soils or concrete into 
surface water or groundwater. Pore water measurements were recorded to gain an 
understanding of the potential partitioning in the vadose zone between the soils and the pore 
space. Pore water was not identified as a particular source to which humans or environment 
receptors could be exposed as it would be impossible for a receptor to only be exposed to this 
medium.  

The analytical methodology to assess leachability is aggressive, and does not represent the 
likely natural leaching potential in the environment. Regardless, the results from leachability 
testing have been presented as a ratio to gauge the relative release of PFAS from the soils in 
the Investigation Area. A similar approach has also been adopted for the evaluation of sediment 
pore water data. 
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7.3 Summary of assessment levels 

Table 7-1 provides a summary of assessment levels adopted for the DSI. 

Table 7-1 Summary of adopted PFAS assessment levels 

Exposure scenario Receptor Location PFOS+PFHxS 
(PFOS Only) 

PFOA 

Tolerable daily 
intake (µg/kg/d)ab 

Human 
Health 

N/A 0.02 0.16 

Water 
Health-based 
guidance value, 
drinking water 
(µg/L)ab 

Human 
Health 

All non-saline offsite 
freshwater^ locations 
(Lake Windermere, Lake 
McKenzie, Mary Creek, 
Summercloud Creek, 
Telegraph Creek, Captains 
Creek, freshwater unnamed 
water bodies) 

0.07 0.56 

Health-based 
guidance value, 
recreational water 
(µg/L)ab 

Human 
Health 

All groundwater and all 
surface water locations 

0.7 5.6 

Freshwater 95% 
species protection – 
slightly to 
moderately 
disturbed systems 
(µg/L)a 

Ecological 
Health 

All offsite freshwater 
locations (Lake Windermere, 
Lake McKenzie, Mary Creek, 
Summercloud Creek, 
Telegraph Creek, Captains 
Creek, freshwater unnamed 
water bodies), AEC B, 
AEC  E, AEC F, AEC G, 
AEC H and  drainage 
channels within JBRF 

0.13 220 

Freshwater 80% 
species protection – 
highly disturbed 
systems (µg/L) a 

Ecological 
Health 

AEC A 31 1824 

Interim Marine – 
95% species 
protection – slightly 
to moderately 
disturbed systems 
(µg/L)a 

Ecological 
Health 

All offsite saline locations 
(estuarine and marine) 
(Jervis Bay, Wreck Bay, 
Captains Lagoon, Flat Rock 
Creek, Mary Creek estuary, 
Summercloud Creek estuary, 
saline unnamed water 
bodies) 

0.13 220 

Soil 
Soil – human health 
screening value, 
residential with 
garden / accessible 
soil (mg/kg)a  

Human 
Health 

Residential properties where 
produce is grown 

0.009 0.1 

Soil – human health 
screening value, 
public open space 
(mg/kg)a 

Human 
Health 

AEC E, all offsite soil 
samples 

1 10 

Soil – human health 
screening value, 
industrial / 
commercial (mg/kg)a 

Human 
Health 

AEC A, AEC B, AEC C, 
AEC D, AEC F, AEC G, 
AEC H 

20 50 
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Exposure scenario Receptor Location PFOS+PFHxS 
(PFOS Only) 

PFOA 

Interim Soil – 
ecological indirect 
exposure – 
residential (mg/kg)a‡ 

Ecological 
Health 

All HMAS Creswell 
(excluding AEC F and 
AEC G) and offsite soils  

0.01 -- 

Interim Soil – 
ecological indirect 
exposure –industrial 
/ commercial 
(mg/kg)a* 

Ecological 
Health 

All JBRF soils and AEC F 
and AEC G soils 

0.14 -- 

Interim Soil – 
ecological direct 
toxicity – public open 
space (mg/kg)a 

Ecological 
Health 

All soils 1 10 

Sediment 
Sediment (mg/kg) † Human 

and 
Ecological 
Health 

All sediment locations 0.22 0.22 

Biota 
Crustaceans 
(µg/kg)b 

Human 
Health 

Crustaceans and molluscs 65 520 

Finfish (all) (µg/kg)b Human 
Health 

Edible fish tissue 5.2 41 

Fruit (µg/kg)b Human 
Health 

As applicable 0.6 5.1 

Vegetables (µg/kg)b Human 
Health 

As applicable 1.1 8.8 

Poultry Eggs 
(µg/kg)b 

Human 
Health 

As applicable 11 85 

Offal Mammalian 
(µg/kg)b 

Human 
Health 

As applicable 96 765 

Meat Mammalian 
(µg/kg)b 

Human 
Health 

Edible mammalian tissue 3.5 28 

Interim – ecological 
direct exposure for 
wildlife diet – 
Mammalian diet 
(µg/kg)a 

Ecological 
Health 

All flora and invertebrate 
biota samples 

4.6 -- 

Interim – ecological 
direct exposure for 
wildlife diet – Avian 
diet (µg/kg)a 

Ecological 
Health 

All biota samples 8.2 -- 

Canadian Federal 
Fish Tissue 
Guideline (FFTG) 
(µg/kg)c 

Ecological 
Health  

Whole body fish tissue 8,300 -- 

Notes: 
mg/kg milligram per kilogram 
µg/kg microgram per kilogram 
µg/L microgram per litre 
† The Predicted No Effect Concentration (PNEC) of 0.22 mg/kg for marine sediments in Norway (Bakke, 

Källqvist, Ruus, Breedveld, & Hylland, 2010) 
a PFAS National Environmental Management Plan (NEMP) (HEPA, 2018) 
b Food Standards Australia New Zealand (FSANZ) Proposed Trigger Points (FSANZ, 2017a) 
c Canadian Interim Federal Contaminated Sites Action Plan (FCSAP) (Government of Canada, 2018) 
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Exposure scenario Receptor Location PFOS+PFHxS 
(PFOS Only) 

PFOA 

^ The suitability of water for use as drinking water has been based on the total dissolved solids (TDS) with a 
screening level of 1,200 mg/L (unpalatable as per (NHMRC, 2011)) 

‡ Ecological indirect soil criteria for residential/parkland scenarios is protective of soil ingestion by a secondary 
consumer 

* Ecological indirect soil criteria for commercial/industrial scenarios is protective of potential impacts on 
freshwater life from PFOS originating in soil that may enter groundwater and/or surface water. 

Note: Factual presentation of additional biota data only within this DSI. The data will be evaluated with respect to a 
site-specific food web model within the ERA.  

Generally, commercial/industrial criterion were adopted across JBRF given that the area has no 
public access, and ecological habitat is limited and disturbed within the areas where abiotic 
samples were collected. Commercial/industrial criterion were also adopted at AEC F and AEC G 
at HMAS Creswell, given limited human and ecological use of these areas. AEC E and other 
areas of HMAS Creswell however were considered against public open space criterion given 
the observed ecological fauna (i.e., kangaroos and echidnas) and residences across HMAS 
Creswell. Non-saline, offsite surface water features were screened against drinking water 
criteria as it was conservatively assumed that members of the Wreck Bay community and/or 
BNP workers may encounter the streams and drink from them on occasion. 

Summary of the application of screening levels for biota are provided in Table 7-2 (flora) and 
Table 7-3 (fauna).  
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Table 7-2 Summary of the application of biota screening criteria - flora 

Species Fruit – 
Human Health 

Vegetables - 
Human Health 

Interim Ecological - 
Mammalian 

Interim 
Ecological - 
Avian 

Banksia ericifolia, Plant     

Branched algae, Plant     

Cissus hypoglauca, 
Plant 

    

Epacris microphylla, 
Plant 

    

Eustrephus 
latifolius - Wombat 
berry, Plant 

    

Fern growing with roots 
in water, Plant 

    

Fruit/vegetable, Carrot     

Fruit/vegetable, Lemon     

Fruit/vegetable, Lilly 
Pilly (stone removed) 

    

Fruit/vegetable, Lilly 
Pilly Stones 

    

Fruit/vegetable, 
Orange 

    

Fruit/vegetable, 
Tomato 

    

Kelp, Plant     

Lomandra longifolia, 
Plant 

    

Macrophyte, Plant     

Moss from boulders, 
Plant 

    

Moss from logs in 
creek, Plant 

    

Neptunes Necklace, 
Plant 

    

Persoonia 
linearis - Geebung, 
Plant 

    

Poaceae, Plant     

Pteridium 
esculentum - Bracken, 
Plant 

    

Ribbonweed, Plant     

Seaweed, Plant     

Tree Fern, Plant     

Unknown rush, no 
flowers, Plant 
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Table 7-3 Summary of the application of biota screening criteria for human health – fauna 

Species Finfish –  
Human Health 

Crustaceans 
and Molluscs – 
Human Health 

Offal Mammalian -  
Human Health 

Meat Mammalian - 
Human Health 

Interim Ecological - 
Mammalian 

Interim Ecological - 
Avian 

Canadian 
Federal 
Fish Tissue 
Guideline 

Poultry - 
Human 
Health 

Abalone, Fillet         

Ant, Invertebrate         

Beach Worm, 
Whole         

Terrestrial beetle, 
Invertebrate         

Bivalve, Whole         

Blue spot 
flathead, Fillet         

Bonito, Fillet         

Bream, Fillet         

Bream, Whole         

Bull ant, 
Invertebrate         

Bush cockroach, 
Invertebrate         

Chicken Egg         

Cockroaches/ 
mixed beetles, 
Invertebrate  

        

Conch without 
shell, Whole         

Corixidae, Whole         

Dragonfly, Whole         

Dusky Flathead, 
Fillet         

Earthworm, 
Invertebrate         
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Species Finfish –  
Human Health 

Crustaceans 
and Molluscs – 
Human Health 

Offal Mammalian -  
Human Health 

Meat Mammalian - 
Human Health 

Interim Ecological - 
Mammalian 

Interim Ecological - 
Avian 

Canadian 
Federal 
Fish Tissue 
Guideline 

Poultry - 
Human 
Health 

Fly, Invertebrate         

Flying insect, 
Invertebrate         

Fox (liver, muscle)         

Freshwater 
Beetle, Whole         

Freshwater 
Shrimp, Whole         

Gerridae, Whole         

Gudgeon, whole         

Intertidal Crab, 
Whole         

Leatherjacket, 
Fillet 

        

Leech, 
Invertebrate 

        

Leptoceridae, 
Whole 

        

Millipede, 
Invertebrate 

        

Moth, butterflies, 
bees and march 
flies, Invertebrate 

        

Galaxia, Whole         

Mud Crab, Claw         

Mullet, Fillet         

Mullet, Whole         

Myriapod, 
Invertebrate 
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Species Finfish –  
Human Health 

Crustaceans 
and Molluscs – 
Human Health 

Offal Mammalian -  
Human Health 

Meat Mammalian - 
Human Health 

Interim Ecological - 
Mammalian 

Interim Ecological - 
Avian 

Canadian 
Federal 
Fish Tissue 
Guideline 

Poultry - 
Human 
Health 

Oyster, Whole         

Rainbow Cale, 
Fillet 

        

Prawn, Tail         

Rabbit, (liver, 
muscle) 

        

Sand Whiting, 
Fillet 

        

Scat         

Shrimp, Tail         

Shrimp, Whole         

Smelt, Whole         

Snail, Invertebrate         

Spider, 
Invertebrate 

        

Spiny Crayfish, 
Tail 

        

Spiny Crayfish, 
Whole 

        

Squid, Tube         

Sydney Rock 
Oyster, Whole 

        

Tailor, Fillet         

Tailor, whole         

Temnocephalidae, 
Whole 
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Species Finfish –  
Human Health 

Crustaceans 
and Molluscs – 
Human Health 

Offal Mammalian -  
Human Health 

Meat Mammalian - 
Human Health 

Interim Ecological - 
Mammalian 

Interim Ecological - 
Avian 

Canadian 
Federal 
Fish Tissue 
Guideline 

Poultry - 
Human 
Health 

Urchin, Whole         

Whelk, whole         

Whitebait, Whole         

Worm, 
Invertebrate 

        

Yabby, Whole         
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8. Field results 
8.1 Geology 

The geology encountered within the Investigation Area from intrusive investigation was 
consistent with published information (see Section 4.5), and without significant variation. 

Fill material was encountered in the built up areas during the investigation, predominantly 
around the JBRF facility and AEC A. Fill in the area generally consisted of reworked natural 
material, including sand and sandy clays. Imported materials of sand and gravels were also 
observed, particularly underneath the concrete hardstand in the area. Inclusions of 
anthropogenic material weren’t observed in the fill material encountered, though hydrocarbon 
odours where noted in fill at AEC A, particularly around the control tower Helo Gas Fired Fire 
Training Unit (GFFTU) and Section Control Room at the RAN SSSS. 

The natural soil encountered within the Investigation Area was generally dominated by 
brown/grey sands, sandy clay and clayey sands. The sand was generally unconsolidated and 
was often moist/wet at the interface with the bedrock. This sand layer was generally shallow in 
areas around HMAS Creswell and JBRF, with most investigation locations encountering 
bedrock from near surface to depths of 2.5 m bgl. 

The sand layer is dominant in the western portion of the Investigation Area, with thicknesses of 
unconsolidated sand to a maximum depth of 24.6 m bgl at offsite well LW_MW02, located to the 
south west of JBRF, south east of Lake Windermere. There were several other offsite locations 
where the depth to rock was not determined, including three in the Bherwerre Barrier (locations 
BB_MW01, BB_MW02, and BB_MW03, all drilled to a maximum depth of 9 m bgl), and one to 
the south of Wreck Bay Village (MC_MW01, drilled to 10 m bgl). The Bherwerre Barrier 
landscape is dominated by large sand dunes with large valleys and hills. The sands became 
saturated in the valleys at shallow depths during drilling, however bedrock was not encountered. 

Bedrock across the Investigation Area was encountered at a number of locations, with 
groundwater generally observed in the sands above the bedrock. The bedrock was generally 
described as grey sandstone, with quartz gravel clast inclusions. Groundwater was encountered 
within this aquifer, and following water strike during drilling, the groundwater levels were 
observed to rise several metres, which indicates potential confined/partly confined groundwater 
aquifer conditions. 

Lithological bore logs, including monitoring well installation and survey details are presented in 
Appendix F. 

8.2 Hydrogeology 

The results of the hydrogeological investigations undertaken during the DSI have been used in 
the development of the 3D numerical groundwater model (Section 11 and Appendix C) and 
CSM (Section 14). 

8.2.1 Aquifer types 

Based on the results of the DSI, GHD has adopted the following terminology to describe the 
hydrogeological units identified in the Investigation Area: 

 “Upper aquifer” refers to unconfined groundwater within the Holocene and Pleistocene 
sediments, and includes the upper weathered and highly fractured portion of the Permian 
sandstone bedrock. The overburden and upper weathered/fractured bedrock are in direct 
hydraulic communication and are expected to have similar hydraulic properties and behave 
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similarly with regards to the groundwater regime. Given the similarity in hydraulic properties 
between the overburden and weathered/fractured sandstone, the two strata will influence 
groundwater flow in the same manner. Thus, it is appropriate to combine the two into a 
single 'aquifer' for the purpose of assessing the hydraulic behaviour of groundwater flow, 
even though the two strata consist of different lithology. In some areas (e.g., bores 
C_HA01, Cl_MW02) moisture profiles were observed during drilling that could be 
considered indicative of perched groundwater; however, the occurrence was isolated and 
discontinuous. As a result, the potential for perched groundwater within the Investigation 
Area has not been considered further, and the isolated presence of perched groundwater, if 
it exists, is unlikely to contribute significantly to the overall groundwater flow regime or 
potential groundwater migration pathways. Parts of this aquifer near the coastal areas are 
subject to tidal influence. 

 “Lower aquifer” refers to the deeper more competent bedrock of the Permian sandstone 
formation that is present throughout the Investigation Area. Given the presence of more 
competent bedrock, the lower aquifer is expected to have a lower bulk permeability relative 
to the upper aquifer4, with some groundwater flow occurring through secondary porosity 
features, such as isolated fracturing. The upper and lower aquifer are in direct hydraulic 
communication; however, the lower hydraulic conductivity of the lower aquifer (being more 
competent bedrock) relative to the upper aquifer (being sand and gravel overburden and 
weathered/fractured sandstone bedrock) means that shallow groundwater flow, and thus 
shallow groundwater migration, will occur preferentially within the upper aquifer. This 
aquifer is considered to be the likely source of groundwater discharging to Lake 
Windermere, the source of potable water for JBT. Monitoring wells installed as part of the 
DSI have targeted two portions of the regional aquifer, namely: 

– “Shallow portions of the regional aquifer” which refers to a depth of approximately five 
to 12 m bgl, within the sandstone bedrock formation. 

– “Deeper portions of the regional aquifer” which refers to a depth of approximately 25 to 
35 m bgl, within the sandstone bedrock formation. 

8.2.2 Existing monitoring wells 

GHD used 20 existing groundwater monitoring wells in this investigation, most of which were 
onsite. Where available, the installation logs from previous reports were reviewed and 
summarised. These borehole logs are presented in Appendix F, with new well IDs and survey 
data from 2018 annotated onto the log where available. During the onsite DSI works, one 
additional groundwater well was identified (MW12). This well was sampled and the existing well 
ID was used. It is noted that no borehole logs were available for review for MW001 (former well 
ID CRMW1) and MW008 (former well ID CRMW2), therefore installation and construction 
details for these wells are unknown. A summary of the existing monitoring wells utilised during 
GHD’s investigation is presented in Table 8-1. The monitoring well locations are presented on 
Figure 6-2 to Figure 6-13. 

  

                                                      
4  Hydraulic conductivity values obtained from slug tests conducted in deeper monitoring wells screened within 

bedrock were somewhat lower than the hydraulic conductivity values obtained from slugs tests conducted in 
overburden monitoring wells. However, slug tests have a limited radius of influence and provide only 
localized hydraulic conductivity estimates that likely are not representative of the bulk hydraulic conductivity 
of the deeper bedrock. In order to match observed groundwater flow conditions, the bulk hydraulic 
conductivity specified for the lower aquifer was much lower than the hydraulic conductivity specified for the 
upper aquifer (see Appendix C). 
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Table 8-1 Summary of existing monitoring wells 

Aquifer Monitoring wells Screened interval 
range (m bgl) 

Associated Figures 

Upper aquifer MW001, MW007, 
MW008 

0.75-8.0 m bgl Figure 6-10 

MW12 Figure 6-7 

MW017 Figure 6-5 

MW025 Figure 6-8 and Figure 6-9 

MW019†, MW020, 
MW023† 

Figure 6-9 
 

Lower aquifer  MW024 2.0-11.25 m bgl Figure 6-2 and Figure 6-9 

MW021  Figure 6-3 and Figure 6-9 

MW026, MW027 Figure 6-8 and Figure 6-9 

MW028, MW030, 
MW029†, MW033^ 

Figure 6-4 

MW037  Figure 6-5 and Figure 6-6 

MW018†, MW022, 
MW035†, MW036† 

Figure 6-9  

MW014*, MW015*, 
MW016* 

Figure 6-11 

Note:  
^ Gauged during DSI, but not sampled 
* Not sampled or gauged during the DSI 
† Assumed destroyed.  

8.2.3 Monitoring well installation 

Monitoring well construction details for wells installed during GHD’s investigation including 
co-ordinates, elevation, screen interval and depth are presented in the monitoring well 
construction borehole logs presented in Appendix F. Table 8-2 presents a summary of the 
aquifers targeted by the wells installed by GHD and the relevant screen intervals. The 
monitoring well locations are presented on Figure 6-2 to Figure 6-13. 
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Table 8-2 Summary of monitoring well installation 

Aquifer Monitoring wells Screened interval 
range (m bgl) 

Associated Figure(s) 

Upper aquifer A_MW01, A_MW02, 
A_MW03, A_MW04, 
A_MW05, A_MW06, 
A_MW07, A_MW08, 
A_MW09 

0.8-9.0 m bgl Figure 6-2 and 
Figure 6-9 (A_MW01 
and A_MW07) 

B_MW01, B_MW02, 
B_MW03, B_MW04 

Figure 6-3 and 
Figure 6-9 
(B_MW04) 

C_MW01, C_MW02, 
C_MW03, C_MW04, 
C_MW05, C_MW06, 
C_MW07  

Figure 6-4 and 
Figure 6-9 
(C_MW02 and 
C_MW05) 

E_MW01, E_MW02, 
E_MW03, E_MW04, 
E_MW05 

Figure 6-5 
 

F_MW01, F_MW02 Figure 6-6 
BB_MW01, BB_MW02, 
BB_MW03, FC_MW01, 
FC_MW02, FC_MW03 

Figure 6-9 

CL_MW01, CL_MW02A, 
CL_MW03 

Figure 6-11 and  
Figure 6-9 
(CL_MW01) 

MC_MW02 Figure 6-13 

Lower aquifer  LM_MW01, TC_MW01 2.3-12.0 m bgl Figure 6-9 
 

CL_MW02, CL_MW04, 
CL_MW05 

Figure 6-11 
 

MC_MW03 Figure 6-13 

LM_MW02, LW_MW01 26.0-35.0 m bgl Figure 6-9 

8.2.4 Groundwater levels and flow direction 

Water levels were measured during sampling events (both during wet and dry weather), and 
also via the use of downhole water level loggers (pressure transducers). A summary of data 
logging undertaken is presented in Table 8-3. 

Table 8-3 Summary groundwater wells for data logging events 

Aquifer Well ID Data logging Event #1 
May 2017 to April 2018 

Data logging Event #2 
April 2018 to July 2018 

Upper overburden 
aquifer 

A_MW01   
B_MW04 -  
C_MW02   
C_MW03  - 
CL_MW03 -  
E_MW03  - 
E_MW04^  - 
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Aquifer Well ID Data logging Event #1 
May 2017 to April 2018 

Data logging Event #2 
April 2018 to July 2018 

E_MW05   
FC_MW01  - 
MW017  - 
MW001*  - 

Lower 
Bedrock - Shallow 

CL_MW04 -  
LM_MW01 -  
MC_MW04   
MW021  - 
MW025 -  
MW027 -  
MW037   

Lower Bedrock - Deep LW_MW01 -  
Notes: 
* Assumed that MW001 is screened in the upper overburden aquifer 
^ Data logger lost/stolen 

The results of the water level logging with the pressure transducers are presented in Appendix I, 
and have been used to develop and calibrate the groundwater model (Appendix C). As part of 
this process, recorded groundwater elevations and the above mentioned transducer data were 
used to interpolate the model, and are presented on Figure 8-1 and Figure 8-2. 

The groundwater regime is generally consistent with the topography of the Investigation Area, 
with the groundwater elevations highest in the vicinity of RAN SSSS, and groundwater flow from 
this area to the north, west and south, generally radiating from this high point. As discussed in 
the groundwater model, as the upper and lower aquifers appear to be hydraulically connected, 
separate groundwater contours have not been generated. 

The inferred groundwater flow direction is generally consistent for the two aquifers, and the 
difference is considered to be a result of the available data points used in the interpolation of 
groundwater isopleths for Figure 8-1 and Figure 8-2. It is noted that the lower aquifer, 
corresponding to competent sandstone bedrock, is of much lower bulk hydraulic conductivity 
than the overburden of the upper aquifer (see Table 8-4). Thus, contaminant migration generally 
would be restricted in the lower aquifer, except where bedrock fracturing might provide a 
preferential migration pathway. 

Groundwater gradients for the upper aquifer across the Investigation Area vary from 0.01 
(AEC F, fire station to Flat Rock Creek) to 0.03 (AEC A, RAN SSSS to Wreck Bay and AEC C to 
HMAS Creswell. 

8.2.5 Hydraulic conductivity tests 

In order to assess the hydraulic properties and permeability of the aquifer, hydraulic aquifer 
tests (“slug tests”) were undertaken on a selection of wells following groundwater sampling 
during the April 2018 monitoring event. The tests were performed on wells that targeted both 
the unconsolidated and shallow portions of the regional aquifer in the source areas and 
surrounding areas. Calculated aquifer properties from the wells where hydraulic aquifer testing 
was undertaken are summarised in Table 8-4. 

An average hydraulic conductivity of 0.212 m/day and 0.061 m/day have been estimated for the 
upper overburden and lower bedrock aquifer, respectively. 

Generally the overburden aquifer was observed to have higher hydraulic conductivities in some 
wells, particularly those screened in materials described as sand and clayey sands. 
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In two of the monitoring wells within the overburden aquifer (BB_MW03 and E_MW05), the 
groundwater response was too rapid to allow an accurate determination of aquifer properties. In 
these wells, which were screened within sand, an estimated hydraulic conductivity of greater 
than 1 m/day can be expected. 

Based on the range of hydraulic conductivity values recorded, a horizontal groundwater velocity 
range in the overburden aquifer in the region of <1 to 2m per year was calculated. This was 
based on the average groundwater gradients for the upper aquifer as discussed in Section 8.2.4 
and an effective porosity of 0.4. 

Table 8-4 Hydraulic aquifer test results 

Well ID Aquifer K (cm/sec) K (m/day) 
A_MW07 Upper overburden  1.04E-04 0.089 
BB_MW03 Upper overburden 1.44E-02 12.450* 
C_MW05 Upper overburden 6.28E-05 0.054 
CL_MW03 Upper overburden 1.69E-05 0.015 
E_MW02 Upper overburden 8.77E-05 0.076 
E_MW05 Upper overburden 2.46E-03 2.129* 
MW025 Lower bedrock (shallow) 1.56E-04 0.135 
MC_MW04 Lower bedrock (shallow) 4.05E-04 0.350 
MW026 Lower bedrock (shallow) 2.02E-05 0.017 
MW027 Lower bedrock (shallow) 7.84E-05 0.068 
MW037 Lower bedrock (shallow) 3.93E-05 0.034 
Notes:  
K = hydraulic conductivity 
* Rapid recovery of groundwater levels during slug tests. Data unsuitable for detailed analysis, indicating a K in 
excess of 1 m/day 
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8.3 Sediment 

The following provides a summary of the observations of the sediments in the various AECs 
and on and offsite migration pathways in dry and wet weather sampling rounds. All sediment 
logs are presented in Appendix F. 

AEC B – area adjacent to RAN SSSS, Mary Creek 

Three sediment locations were sampled within AEC B, all to a target depth of between 0.3 to 
0.6 m bgl. 

Sediments were generally described as brown to dark brown silty/clayey sand, fine grained with 
some organic inclusions. A thick layer of wood and organic material was encountered at 
B_SD01 between 0-0.3 m bgl before sediment was encountered and sampled. 

AEC E – golf course irrigation pond 

Four sediment locations (E_SW01 to E_SW04) were sampled within the retention pond in 
AEC E during Round 1 Dry Weather Sediment sampling, all to a target depth of 0.30 m bgl. 

Sediments were described as saturated, very loose fine to medium grained sands which are 
dark grey in colour. 

AEC F – fire station 

Two sediment locations were sampled within AEC F, all to a target depth of 0.1 m bgl. These 
two sediment samples targeted drainage areas which lead from the fire station area. 

Sediments were generally described as grey to black sand and clayey sand with organic 
inclusions. 

AEC H – drum disposal area 

One sediment location was sampled within AEC H to a target depth of 0.4 m bgl. This sample 
targeted a drainage line within AEC H. 

The sediment in this location was described as dark grey to brown silty and sand clay, low 
plasticity with trace organic inclusions. 

JBRF drainage channels 

Five sediment locations were sampled (AB_SD01 to AB_SD06, excluding AB_SD05) within the 
JBRF drainage channels between AEC A and AEC B. No sediment sample was collected from 
AB_SD05 as exposed bedrock and no sediment was encountered at this location. 

The sediments were described as generally pale brown to brown fine grained sand, with a weak 
organic odour in AB_SD02. Sandy clay was encountered in AB_SD01, which is described as 
pale orange to grey/brown, and presumed to be fill or reworked material. 

Six sediment locations were sampled (DC_SD01 to DC_SD06) within the JBRF drainage 
channels between AEC A and AEC C. A termination depth of 0.10 m bgl due to refusal on 
bedrock was recorded at DC_SD01 whilst a termination depth of 0.30 m bgl was reported at 
DC_SD02 and DC_SD03 and 0.20 m bgl at DC_SD04 TO DC_SD05. 

Saturated dark brown-grey silty clays of low plasticity and soft consistency were observed at 
DC_SD01, DC_SD05 and DC_SD06. This sediment type was underlain by dense sandy clay of 
medium plasticity. Both layers of sediment encountered at DC_SD06 were presumed to be fill. 
Saturated, fine to medium grained, poorly graded, clayey sands were observed at DC_SD02 to 
DC_SD04. Sediment colours at these locations ranged from dark brown, to pale orange to pale 
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white. At DC_SD04, the clayey sand sediment was underlain by a pale grey-orange low 
plasticity sandy clay. 

Flat Rock Creek 

Twenty-one primary samples were analysed from 15 locations within the Flat Rock Creek 
catchment during the investigation. Sediment samples were collected from ten locations 
(FC_SD01 to FC_SD04, FC_SD06 to FC_SD11) during the Round 2 Dry Weather Sediment 
sampling event. FC_SD13 was sampled during the Round 3 Dry Weather Sediment sampling 
event, whilst estuarine sediment locations FC_ES01 and FC_ES02 were sampled in February 
2018 as part of the biological sampling effort. Samples were also collected from 
FC_SD01_WW, FC_SD02_WW, FC_SD04_WW and FC_SD14_WW during the Round 6 Wet 
Weather Sediment sampling event. Generally, samples were collected to a depth of 0.20 m bgl 
with the exception of FC_SD06 to FC_SD08, FC_SD11, FC_SD13 and FC_SD15 where only 
surface samples were collected due to sample collection from a watercraft to a maximum of 
0.10 m bgl. 

No sediment was sampled from locations FC_SD05 and FC_SD12 as no sediment was 
encountered at the time of sampling. 

Most sediments were described as poorly graded, fine to medium grained sands that were pale 
to dark grey in colour. Exceptions included: FC_SD02 and FC_SD08 (black and brown silts with 
organics); FC_SD07 (grey, low plasticity sandy clay); FC_SD09 (dark grey-brown gravelly silt 
with organics underlain by low plasticity silty clay); FC_SD10 (brown and black fine grained silty 
sand underlain by orange-brown medium to coarse grained gravelly sand); and FC_SD11 (dark 
brown, low plasticity silt clay with some roots). Estuarine sediment samples were noted to be 
saturated yellow-white sands. A distinct organic odour was reported at FC_SD01 to FC_SD04, 
FC_SD09, FC_SD01_WW, FC_SD02_WW and FC_SD14_WW. 

Captains Lagoon 

Twenty-one primary samples were analysed from 16 locations within the Captains Lagoon 
catchment during the investigation. One location (CL_SD10) was sampled during the Round 1 
Dry Weather Sediment sampling event. Ten locations (CL_SD01 to CL_SD11, excluding 
CL_SD10) were sampled during the Round 2 Dry Weather Sediment sampling event. Samples 
from two locations (CL_SD12 and CL_SD13) were collected during the Round 3 Dry Weather 
Sediment sampling event. Two estuarine (CL_ES01_SD and CL_ES02_SD) locations and one 
fresh water location (CL_FW01_SD) were sampled as part of the biological sampling effort. 
Round 4 Wet Weather Sediment sampling included the collection of sediments at 
CL_SD01_WW, CL_SD02_WW, CL_SD07_WW, CL_SD08_WW and CL_SD12_WW. 
Generally, a surface and 0.20 m bgl sample was collected with the exception of CL_SD07 to 
CL_SD09, CL_SD11, CL_SD13 and CL_SD02_WW whereby only a surface sample was 
collected due refusal on bedrock at 0.05 m bgl to 0.10 m bgl. 

Sediments were generally described as pale grey-brown to grey-white, poorly graded, fine to 
medium grained sands. Pale brown-black, low plasticity silty sand underlain by fine to medium 
grained sand was reported at CL_SD04. Sediments at CL_SD05 and CL_SD06 were described 
as dark brown-black silty clays of low plasticity underlain by dark grey-brown sandy clays of low 
to medium plasticity. This top silty clay layer was also observed at CL_SD07. Poorly graded, 
medium to coarse grained gravelly sands were reported at CL_SD09 and CL_SD10. Stiff, dark 
brown sandy clay with trace roots was observed at CL_SD11. Estuarine sediment samples 
were noted to be saturated yellow-white sands. A distinct organic odour with leaves and sticks 
inclusions was reported at CL_SD01_WW and CL_SD02_WW. 
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Telegraph Creek 

Twelve sediment samples were analysed from 11 (TC_SD01 to TC_SD11) locations along 
Telegraph Creek during the Round 3 Dry Weather Sediment sampling event. It was noted that 
only one sample at 0.1 m bgl was collected at several locations (TC_SD01 to TC_SD04 and 
TC_SD06 to TC_SD08) due to refusal on sandstone bedrock. Samples were collected from 
TC-SD05 and TC_SD10 to 0.40 m bgl and to 0.30 m bgl at TC_SD09 and TC_SD11. 

Sediments were predominantly fine grained sands with varying sub constituents and 
characteristics. TC_SD01 and TC_SD05 were described as grey and brown fine to medium 
grained sands with silt that were saturated and of a loose consistency. TC_SD02 to TC_SD04, 
TC_SD07 and TC_SD08 were described as fine brown sands and silty sands that were 
saturated and of medium dense to loose consistency with a distinct odour. Fines inclusions 
were noted at TC_SD02, whilst organics and fines inclusions were observed at TC_SD07. Dark 
grey and brown sandy clay of low plasticity and soft consistency was observed at TC_SD06. 
Sediments at TC_SD09 to TC_SD11 were described as pale white to grey fine to medium 
grained sands of medium density that were saturated. A distinct organic odour was noted at 
0.15 m bgl in TC_SD09, whereby the sands changed from pale white to grey in colour. 

Mary Creek 

Seventeen primary samples were analysed from ten locations within the Mary Creek catchment 
during the investigation. Eight sediment locations (MC_SD01 to MC_SD04, MC_SD06, and 
MC_SD08 to MC_SD10) were sampled during the Round 3 Dry Weather Sediment sampling 
event. MC_SD01_WW and MC_SD03_WW were sampled during the Round 3 Dry and Round 4 
Wet Weather Sediment sampling events. One estuarine (MC_ES01_SD) and one fresh water 
(MC_FW01_SD) sediment location was sampled as part of the biological sampling effort. 
Generally, a sample was collected from the surface and from 0.20 m bgl with the exception of 
locations where refusal on bedrock was encountered before the target depth was achieved 
(MC_SD03_WW, MC_SD02 to MC_SD04, MC_SD06 and MC_SD09). 

Sediments were generally described as grey to yellow and brown, poorly graded, fine to 
medium grained sands of medium density. Shell fragment inclusions were noted at MC_SD01, 
MC_SD01_WW and MC_SD10. Coffee rock was observed at MC_SD08 at 0.10 m bgl to 
0.30 m bgl. 

Summercloud Creek 

Four primary samples were analysed from four locations within the Summercloud Creek 
catchment during the investigation. Three sediment locations (SC_SD01 to SC_SD03) were 
sampled during the Round 3 Dry Weather Sediment sampling event. One estuarine location 
(SC_ES01) was sampled as part of the biological sampling effort. Samples were collected from 
the surface and 0.20 m bgl at each location with the exception of SC_SD02, where refusal on 
sandstone bedrock was encountered at 0.10 m bgl. 

Grey and brown, poorly graded, fine to medium grained sands were generally encountered in 
this catchment with the exception of SC_SD02 where fine to coarse grained gravelly sand was 
reported. 
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Lake Windermere 

Three sediment locations (LW_SD01 to LW_SD03) were sampled as part of Round 5 Wet 
Weather Sediment sampling. A corresponding dry weather sampling round was not undertaken 
at Lake Windermere. A sample at the surface and at 0.20 m bgl was collected from each 
location. 

Sediments at all three locations were described as yellow, poorly graded, fine to medium 
grained sands. 

Lake McKenzie 

Four primary samples were analysed from four locations within the Lake McKenzie catchment 
during the investigation. Three locations at Lake McKenzie were sampled for sediment 
(LM_SD01 to LM_SD03) during the Round 5 Wet Weather Sediment sampling event. A fresh 
water sediment location (LM_FW01_SD) was sampled during Round 3 Dry Weather Sediment 
sampling. A sample at the surface and at 0.20 m bgl was collected from all locations. 

Sediments at each location were described as yellow, poorly graded, fine to medium grained 
sand. 

Unnamed Water Feature #1 – west of Mary Creek 

Five primary samples were analysed from four locations (UN1_SD01 to UN1_SD04) from the 
unnamed water feature west of Mary Creek during Round 3 Dry Weather Sediment sampling. 
Samples were collected from each location at 0.00 m bgl and 0.20 m bgl with the exception of 
UN1_SD04 where refusal on bedrock was encountered at 0.10 m bgl. 

Sediments were generally described as black and grey or yellow and grey, fine to medium 
grained sands. The exception was UN1_SD01 which reported black and grey, fine to medium 
grained silty sand with organics. A minor organic odour was noted at UN1_SD01 and 
UN1_SD02. 

Unnamed Water Feature #2 – clay pools 

Eleven primary samples were analysed from six locations from Unnamed Water Feature #2 
(clay pools) during the investigation. Five locations (UN2_SD01 to UN2_SD05) were sampled 
during the Round 3 Dry Weather Sediment sampling event. A freshwater sediment sample 
(UN_FW01_SD) was collected as part of the biological sampling effort. A termination depth of 
0.40 m bgl was achieved at UN2_SD01 and UN2_SD05, whilst a termination depth of 
0.30 m bgl was achieved at UN2_SD02 to UN2_SD04. 

UN2_SD01 sediment was described as grey saturated fine grained clayey sand. This was 
underlain by white, firm, medium plasticity clay. UN2_SD02 comprised pale grey fine to medium 
grained sand. Sediments at UN2_SD03 to UN2_SD05 were low plasticity, grey to brown sandy 
clays. With the exception of UN2_SD05, the sandy clays were underlain by stiff to firm, grey 
medium plasticity clays. Rootlets and a distinct organic odour was noted at UN2_SD04. 

Unnamed Water Feature #3 – Ryan’s Swamp 

UN3_SD03 was sampled in Ryan’s Swamp during the Round 3 Dry Weather Sediment 
sampling event. UN3_SD03_WW was re-sampled as part of the Round 5 Wet Weather 
Sediment sampling event. A target depth of 0.30 m was achieved. 

The sediment was described as wood and roots underlain by black, low plasticity sandy clay 
with fine grained sand. Roots of reeds, decaying leaf matter and a distinct organic odour was 
also reported. 
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Unnamed Water Feature #3 – watercourses south of Summercloud Creek, including 
Blacks Waterhole 

Seven sediment locations were sampled as part of the watercourses south of Summercloud 
Creek (including Blacks Waterhole) during the Round 3 Dry Weather Sediment sampling event. 
At each location, a sample was collected at the surface and at 0.20 m bgl with the exception of 
UN3_SD04 and UN3_SD06 to UN3_SD08 where refusal on bedrock was encountered at 
0.10 m bgl. 

The sediment was described as pale grey to grey saturated fine sand. Roots of reeds, decaying 
leaf matter and a distinct organic odour was also reported. 

Unnamed Water Feature #4 – east of Telegraph Creek 

A surface sample at UN4_SD01 was collected during the Round 3 Dry Weather Sediment 
sampling event. Refusal on bedrock was encountered at 0.10 m bgl. 

The sediment was described as white, poorly graded, fine to medium grained sand with some 
shells. Sand grains were of medium density and were reported as sub rounded to rounded. 

8.4 Surface water stream flow 

Twelve locations were selected for stream flow monitoring (report presented in Appendix B) as 
follows: 

 Mary Creek - five locations 

 Captains Lagoon - two locations 

 Flat Rock Creek - five locations, 

Stream flow monitoring parameters comprising depth and stream velocity were obtained during 
one dry weather event, three wet weather events and two post wet weather (3-5 days post 
rainfall) events. 

The results from flow monitoring were used to calculate stream discharges, with results varying 
from 0.001 m3/s (MC02, wet weather) to 0.14 m3/s (MC04, wet weather), with several locations 
recording no flow during several monitoring events. 

The results of this monitoring have been used to develop the groundwater model (see 
Section 11) and to estimate mass fluxes from the site (see Section 12). 

8.5 Surface water physicochemical parameters 

The physicochemical parameters recorded in surface water collected during the DSI are 
summarised in Table J10 of Appendix J and discussed in the following sections. 

8.5.1 JBRF onsite drainage channels 

The physicochemical parameters were recorded in surface water collected from the onsite 
drainage channels within JBRF, including all AECs with the exception of AEC B (presented as 
part of the Mary Creek catchment, Section 8.5.4). The parameters are summarised in Table 8-5. 
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Table 8-5 Summary of surface water physical parameters – JBRF onsite 
drainage channels 

Parameter Minimum Maximum Average 
pH 4.01 7.85 5.90 
Dissolved oxygen (mg/L) 2.5 9.79 6.2 
Electrical conductivity (µS/cm) 121 309.9 201 
Total dissolved solids (mg/L) 131 260 164 
Oxidation-reduction potential (mV)* 229.7 482.1 365 
Temperature (°C) 15.3 20.9 18 
Note: * adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 Average pH was slightly acidic with overall results ranging from acidic to neutral. 

 EC and TDS concentrations indicate that the surface water is fresh. 

 Oxidising conditions were dominant. 

8.5.2 Captains Lagoon 

The physicochemical parameters were recorded in surface water collected from Captains 
Lagoon. The parameters are summarised in Table 8-6. 

Table 8-6 Summary of surface water physical parameters – Captains Lagoon 

Parameter Minimum Maximum Average 
pH 4.95 7.93 6.5 
Dissolved oxygen (mg/L) 4.5 9.48 7.1 
Electrical conductivity (µS/cm) 168.7 55144 16915 
Total dissolved solids (mg/L) 125 51500 13211 
Oxidation-reduction potential (mV)* 276.3 462.5 353 
Temperature (°C) 14 24.3 19 
Note: * adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 Average pH was circumneutral with overall results ranging from acidic to slightly basic. 

 EC and TDS concentrations indicate that the surface water is fresh to saline across 
Captains Lagoon, indicating that the surface water is tidally influenced. 

 Oxidising conditions were dominant. 

8.5.3 Flat Rock Creek 

The physicochemical parameters were recorded in surface water collected from Flat Rock 
Creek. The parameters are summarised in Table 8-7. 

Table 8-7 Summary of surface water physical parameters – Flat Rock Creek 

Parameter Minimum Maximum Average 
pH 4.3 7.98 6.6 
Dissolved oxygen (mg/L) 0.28 61.8^ 6.7 
Electrical conductivity (µS/cm) 79.4 51339 12229 
Total dissolved solids (mg/L) 120 46800 13392 
Oxidation-reduction potential (mV)* 209.9 427.7 292 
Temperature (°C) 15.3 21.4 18 
Notes: 
* Adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading). 
^ The maximum DO concentration was an outlier and considered to be incorrect based on the other reported 

concentrations. This is possibly due to instrument failure or incorrect units being recorded. 

 Average pH was circumneutral with overall results ranging from acidic to slightly basic. 
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 EC and TDS concentrations indicate that the surface water ranges from fresh to saline 
across Flat Rock Creek. As with Captains Lagoon, this suggests that the surface water is 
tidally influenced. 

 Oxidising conditions were dominant. 

8.5.4 Mary Creek catchment 

The physicochemical parameters were recorded in surface water collected from the Mary Creek 
catchment (including AEC B). The parameters are summarised in Table 8-8. 

Table 8-8 Summary of surface water physical parameters – Mary Creek 
catchment 

Parameter Minimum Maximum Average 
pH 4.58 8 6.2 
Dissolved oxygen (mg/L) 2.57 7.12 4.3 
Electrical conductivity (µS/cm) 121.1 49264 11460 
Total dissolved solids (mg/L) 106 38700 7952 
Oxidation-reduction potential (mV)* 263.8 461.1 350 
Temperature (°C) 13.8 24.5 19 
Note: * adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 Average pH was circumneutral with overall results ranging from acidic to slightly basic. 

 EC and TDS concentrations indicate that the surface water ranges from fresh to saline 
across Mary Creek. As at previous locations, this suggests that the surface water is tidally 
influenced. 

 Oxidising conditions were dominant.  

8.5.5 Summercloud Creek 

The physicochemical parameters were recorded in surface water collected from Summercloud 
Creek. The parameters are summarised in Table 8-9. 

Table 8-9 Summary of surface water physical parameters – Summercloud 
Creek 

Parameter Minimum Maximum Average 
pH 4.53 6.14 5.2 
Dissolved oxygen (mg/L) 2.07 5.02 3.6 
Electrical conductivity (µS/cm) 296.5 30550 10396 
Total dissolved solids (mg/L) 153 6040 2140 
Oxidation-reduction potential (mV)* 209.2 290.8 260 
Temperature (°C) 18.7 25 21 
Note: * adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 Average pH was slightly acidic with overall results ranging from acidic to slightly acidic. 

 EC and TDS concentrations indicate that the surface water ranges from fresh to saline 
across Summercloud Creek. As at previous locations, this suggests that the surface water 
is tidally influenced. 

 Oxidising conditions were dominant. 
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8.5.6 Lake McKenzie and Lake Windermere 

The physicochemical parameters were recorded in surface water collected from Lake McKenzie 
and Lake Windermere. The parameters are summarised in Table 8-10. 

Table 8-10 Summary of surface water physical parameters – 
Lake McKenzie and Lake Windermere 

Parameter Minimum Maximum Average 
pH 5.49 8.74 6.2 
Dissolved oxygen (mg/L) 1.07 10.7 8.1 
Electrical conductivity (µS/cm) 111.8 1107^ 259 
Total dissolved solids (mg/L) 92 230 155 
Oxidation-reduction potential (mV)* 132 438.1 347 
Temperature (°C) 11.9 22.6 15 
Notes: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 
^ The maximum EC concentration, indicative of slightly brackish conditions, is considered to be an outlier with all 

remaining data indicating fresh conditions. 

 Average pH was slightly acidic with overall results ranging from slightly acidic to slightly 
basic. 

 EC and TDS concentrations (excepting the maximum value deemed to be an outlier) 
indicate that the surface water is fresh at Lake McKenzie and Lake Windermere. 

 Oxidising conditions were dominant. 

8.5.7 Marine Waters 

The physicochemical parameters were recorded in samples collected from marine water from 
Jervis Bay and Wreck Bay. The parameters are summarised in Table 8-11: 

Table 8-11 Summary of surface water physical parameters – marine waters 
Parameter Minimum Maximum Average 
pH 7.64 7.96 7.8 
Dissolved oxygen (mg/L) 0.51 7.26 4.8 
Electrical conductivity (µS/cm) 49217 55163 51546 
Total dissolved solids (mg/L) 38300 49300 44050 
Oxidation-reduction potential (mV)* 274.4 302.5 283 
Temperature (°C) 19.4 21.3 20 
Note: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 pH was slightly basic across the marine waters. 

 EC and TDS concentrations indicate that the marine waters are saline. 

 Oxidising conditions were dominant. 
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8.6 Groundwater physicochemical parameters 

8.6.1 Onsite wells – JBRF 

The physicochemical parameters recorded in groundwater collected from the JBRF onsite 
monitoring wells (excluding AEC B) are presented in Table J14, Appendix J. The parameters 
are summarised in Table 8-12. 

Table 8-12 Summary of JBRF onsite groundwater physical parameters 

Parameter Minimum Maximum Average 
pH 3.77 6.43 5.4 
Dissolved oxygen (mg/L) 0.16 5.87 2.5 
Electrical conductivity (µS/cm) 4.02^ 4922 873 
Total dissolved solids (mg/L) 105 5520 760 
Oxidation-reduction potential (mV)* 53.3 385 226 
Temperature (°C) 16.8 28.9 20 
Notes: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading)
^ The minimum concentration of 4.02 µs/cm is an outlier and considered to be incorrect and possibly a recording 

of incorrect units on the basis of the results from groundwater collected from the other onsite wells.

 Average pH was slightly acidic with overall results ranging from acidic to slightly acidic.

 EC and TDS concentrations indicate that the groundwater is fresh to brackish.

 Oxidising conditions were dominant.

8.6.2 Onsite wells – HMAS Creswell and Captains Lagoon catchment 

The physicochemical parameters recorded in groundwater collected from the Captains Lagoon 
catchment are presented in Table J14, Appendix J. The parameters are summarised in 
Table 8-13. 

Table 8-13 Summary of HMAS Creswell and Captains Lagoon Catchment 
groundwater physical parameters 

Parameter Minimum Maximum Average 
pH 3.72 7.71 5.4 
Dissolved oxygen (mg/L) 0.03 4.42 0.71 
Electrical conductivity (µS/cm) 103.6 834 346 
Total dissolved solids (mg/L) 138 491 239 
Oxidation-reduction potential (mV)* 30.9 379.8 184 
Temperature (°C) 16.8 24.5 20 
Note: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading)

 Average pH was slightly acidic with overall results ranging from acidic to neutral.

 EC and TDS concentrations indicate that the groundwater is fresh.

 Oxidising conditions were dominant.

8.6.3 Offsite wells – Bherwerre Barrier, lakes and Mary Creek catchment 

The physicochemical parameters recorded in groundwater collected from the offsite monitoring 
wells (and including onsite AEC B monitoring wells as part of the Mary Creek catchment) are 
presented in Table J14, Appendix J. The parameters are summarised in Table 8-14. 
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Table 8-14 Summary of Bherwerre Barrier, lakes and Mary Creek 
catchment groundwater physical parameters 

Parameter Minimum Maximum Average 
pH 4.37 7.37 5.9 
Dissolved oxygen (mg/L) 0.02 5.45 1.4 
Electrical conductivity (µS/cm) 84.4 41182 4090 
Total dissolved solids (mg/L) 130 35000 3373 
Oxidation-reduction potential (mV)* 55.3 363.6 196 
Temperature (°C) 17 24.3 19 
Note: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 

 Average pH was slightly acidic with overall results ranging from acidic to neutral. 

 Groundwater was generally fresh with saline conditions present in only one groundwater 
well at Mary Creek (MC_MW02). 

 Oxidising conditions were dominant. 

8.6.4 Upper overburden aquifer wells 

The physicochemical parameters recorded in groundwater collected from the upper overburden 
aquifer monitoring wells are presented in Table J14, Appendix J. The parameters are 
summarised in Table 8-15. 

Table 8-15 Summary of the upper overburden aquifer groundwater 
physical parameters 

Parameter Minimum Maximum Average 
pH 4.37 7.71 5.63 
Dissolved oxygen (mg/L) 0.02 5.87 1.99 
Electrical conductivity (µS/cm) 4.02^ 41,182 2261 
Total dissolved solids (mg/L) 105 35000 1764 
Oxidation-reduction potential (mV)* 30.9 385 227.3 
Temperature (°C) 16.8 78.9^^ 19.19 

Notes: 
* adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading) 
^ The minimum concentration of 4.02 µs/cm is an outlier and considered to be incorrect and possibly a recording 

of incorrect units on the basis of the results from groundwater collected from the other onsite wells. 
^^ The maximum temperature of 78.9°C is an outlier and considered to be incorrect and possibly a recording of 

incorrect units on the basis of the results from groundwater collected from the other onsite wells. 

 Average pH was slightly acidic with overall results ranging from acidic to neutral. 

 EC and TDS concentrations indicate that the groundwater is fresh, with the exception of 
MC_MW02 which contained saline conditions. 

 Oxidising conditions were dominant. 

8.6.5 Lower bedrock aquifer 

The physicochemical parameters recorded in groundwater collected from the lower bedrock 
aquifer monitoring wells are presented in Table J14, Appendix J. The parameters are 
summarised in Table 8-16. 
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Table 8-16 Summary of the lower bedrock aquifer groundwater physical 
parameters 

Parameter Minimum Maximum Average 
pH 3.72 7.28 5.28 
Dissolved oxygen (mg/L) 0.10 4.61 0.86 
Electrical conductivity (µS/cm) 215.7 1477 553 
Total dissolved solids (mg/L) 171 1220 399 
Oxidation-reduction potential (mV)* 56.0 379.8 229.5 
Temperature (°C) 17.5 24.3 19.6 

Note: 
* Adjusted to the standard hydrogen electrode (SHE) (+205 from the YSI meter mV reading). 

 Average pH was slightly acidic with overall results ranging from acidic to neutral. 

 EC and TDS concentrations indicate that the groundwater is fresh to brackish. 

 Oxidising conditions were dominant. 

8.7 Ecological Observations 

The following observations were noted by the field ecologists and other field staff during biota 
sampling. The sample register, which includes the species, observations and photographs of 
samples collected is presented in Appendix H. The sample register will be considered further as 
part of the ERA. 

8.7.1 Northern catchments 

Terrestrial 

HMAS Creswell has a modified terrestrial landscape mapped as coastal sand forest in which 
vegetation was highly disturbed. The vegetation onsite was fragmented by the various 
infrastructure within the Defence facility and consisted of thin patches amongst large areas of 
managed grass. The modified break wall and boat harbour area provided good protection for an 
abundance of spiders. The adjoining thin strip of vegetation which extends south towards 
Captains Lagoon was made up of grass, low shrubs and large eucalypts, where an open 
understory provided good habitat for a high diversity of crickets, beetles, ants, butterflies and 
spiders. The area was regularly mowed and maintained with an abundance of grass and ferns, 
which were seen to be targeted by kangaroos and wallabies for feeding. The highly landscaped 
area meant there was limited resources of rotting logs which provide habitat for myriapods, 
which were therefore infrequently encountered. The maintained grasslands, which were 
observed to be watered regularly, had an abundance of ground dwelling spiders and ants which 
benefited from the disturbance. The sandy soils throughout the site provided poor quality habitat 
for worms. Higher order predators such as sea eagles were observed flying over the site. 

Captains Lagoon comprised dense heathland on the southern side of Jervis Bay Road and a 
more open coastal sand forest on the northern side. A lack of recent rain meant the ground was 
relatively dry and dense leaf litter provided good habitat for a variety of beetles, worms and 
ground burrowing spiders. Large rough barked eucalypts on the northern side provided good 
cover for beetles, and spiders and millipedes/centipedes were observed under the bark. Large 
logs were present throughout the site providing good cover for millipedes/centipedes and an 
abundance of bush cockroaches. 
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The vegetation within JBRF predominately comprised Coastal Sandstone Plateau Heath, which 
was highly disturbed by a recent fire in the southern portion of the site. The undisturbed 
northern heath had a dense groundcover of woodchip and leaf litter, which provided good 
quality habitat for a diversity of beetles, ants and worms. The flowering banksia and epacris 
attracted a high diversity of bird life including honeyeaters and swallows, and introduced bees 
were also observed on the flowering epacris. Firebreaks cut into the heath allowed for an 
abundance of spiders with webs set up across the tracks. The low number of logs and weeds 
throughout the site meant gastropods and myriapods were not available. The burnt out southern 
portion of the site had little to no vegetation with a low ground cover of herbs and grasses with 
scattered grass trees throughout. The burnt landscape provided good habitat for ants, beetles, 
worms and flying insects whilst the lack of vegetation and logs meant a low number of spiders, 
gastropods and myriapods. 

Freshwater 

The freshwater ecosystems of catchments draining to Jervis Bay varied in water availability. Flat 
Rock Creek’s freshwater reach was dry during sampling. After rainfall, a small pool downstream 
of a culvert under Jervis Bay Road was observed, but this water dried up within a week. There 
were no aquatic flora growing along the channel, indicating the creek is ephemeral. There were 
no biota samples taken from this location. Captains Creek on the other hand, draining to 
Captains Lagoon appeared to be a permanent watercourse fed by groundwater. Aquatic flora 
including macrophytes and branched algae were common along banks and in the water column. 
Although flowing water was present in the creek, no vertebrates were observed. A large culvert 
under Jervis Bay Road downstream provided a barrier to fish and turtle movement. Downstream 
of Jervis Bay Road, a deep pool was present before the surface water drained to the hyporheic 
zone or an alluvial aquifer. The creek line was dry for approximately 500 m downstream before 
the water body of Captains Lagoon began. 

Estuarine 

In contrast to its freshwater reach, Flat Rock Creek was a much more dynamic estuary than that 
of Captains Lagoon. Flat Rock Creek was open to the ocean and highly influenced by tidal 
fluctuations. Captains Lagoon on the other hand, was closed to the ocean and appeared to 
have been closed for some time. Electrical conductivity of water within Captains Lagoon was 
relatively low (~9000 µS/cm) compared to seawater electrical conductivity results, indicating a 
greater influence of surface water and groundwater than seawater in the lagoon. Despite this, 
the lagoon contained estuarine species from a number of trophic levels (worms, fish, crabs and 
plants) and is likely a nursery area for juvenile marine associated fish such as bream, mullet 
and eels, which were observed in abundance throughout the lagoon. Flat Rock Creek was 
observed to have a higher diversity of fish, plants and benthic invertebrates, likely as a result of 
its connection with the ocean. The tidal influence also allowed for more habitat heterogeneity in 
the waterway, with backwaters, pools and runs common. Juvenile marine associated fish were 
also abundant in Flat Rock Creek. Evidence of fishing within Captains Lagoon was observed in 
both upstream and downstream areas of the estuary. Flat Rock Creek is publicly accessible 
from Hyams Beach. 
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Marine 

Jervis Bay marine environments are protected by the natural geology of the area from high 
seas. This has resulted in a generally stable environment made up of seagrass meadows, rocky 
coastline and beaches. The southern area of Jervis Bay is exposed to wave action, and 
therefore beaches are made up of coarser sands than the northern beaches where a greater 
amount of soft sediments have accumulated. The softer sediments on the northern side of 
Jervis Bay provide habitat for benthic invertebrates such as yabbies and worms, which were not 
present in the sediments of southern beaches. Invertebrates such as intertidal crabs, chitons 
and oysters were common across all rocky areas. Besides differences in beach sediments, 
habitat on the northern and southern sides of Jervis Bay were similar. Seagrass meadows and 
kelp forests were dominant habitat features, with rocky caves and crevasses common across all 
sites. Resident fish species were indicative of the habitat, with wrasses, cod, cales, and groper 
observed at all sites, as well as prey species such as garfish, mackerel and sweep. A common 
feature across all sites was a lack of abalone where suitable habitat was present. Jervis Bay is 
frequented by divers and the presence of many empty abalone shells on the sea floor indicated 
that recreational collection has most likely resulted in a very low abundance of abalone in Jervis 
Bay. Observations of low numbers of abalone (both undersize and of legal size) was seen in 
both sanctuary zones and general purpose zones. Crayfish were not observed, which was to be 
expected given the time of year that sampling took place, as they had not yet migrated from the 
continental shelf for the winter months. 

8.7.2 Southern catchments 

Terrestrial 

Lake McKenzie is situated within the Booderee Botanic Gardens within BNP and contained a 
variety of cultivated vegetation. The location was a mixture of disturbed open grasslands, 
landscaped gardens and dense dry sclerophyll forest with walking tracks throughout. The sandy 
soil provided adequate habitat for a variety of ant species. Flowering banksia and gums 
provided good foraging for a number of nectarivorous birds, which were also observed feeding 
on flying insects. The high foot traffic in the area did not allow the establishment of spiders, 
which were therefore in low abundance. Rotting logs were a common feature throughout the 
area and provided good habitat for a variety of beetles, centipedes/millipedes and grubs. 
Several robins were observed feeding on beetles uncovered within the logs. Woodchip used on 
the landscaped gardens also provided good habitat for worms, which thrived under the wet 
dense groundcover. The lack of weeds meant there was a very low abundance of snails. 

Summercloud Creek is mapped as coastal sand forest. The catchment was situated on steep 
sloped terrain adjoining the creek line. The area had an open understory with dense leaf litter 
and logs, which provided good habitat for a variety of beetles and millipedes/centipedes. The 
sandy soil provided good habitat for ants, which used the scarce groundcover as protection. 
Vegetation along the creek line included serval large rocky outcrops, which provided habitat for 
a number of spiders. No snails were observed in the area as was common throughout the 
Wreck Bay catchments. Several reptiles, including a red-bellied black snake, were observed. 

Mary Creek comprised sparse coastal forest with a dense understory of bracken. The dense 
groundcover of bracken, lomandra and mixed grasses provided good cover for an array of 
beetles. The lack of mid story vegetation and dense groundcover meant spiders were 
infrequently observed and collected in low numbers. The sandy soil provided a high diversity of 
ants. A flock of endangered Gang-gang Cockatoos were observed foraging in eucalypts 
throughout the catchment. Flowering epacris heath attracted a high abundance of butterflies 
and nectarivorous birds. The shady moist area allowed for good habitat for leeches, which were 
abundant in the dense groundcover. 
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Freshwater 

Mary and Summercloud Creeks are fed by groundwater and flow permanently through the 
403 lands and BNP before reaching a short estuary that meets the ocean. Both creeks are 
dominated by bedrock, with the riparian zone being made up of shrubs, ferns and grasses; no 
macrophytes were observed growing in either watercourse. Both creeks run through open 
eucalypt woodlands, with the understorey of the riparian zone being much denser than the 
surrounding vegetation. A number of cascades and bedrock runs punctuated by slow flowing 
pools can be found in both creeks. These cascades are likely to be a barrier to the movement of 
fish and crustaceans to upper reaches of Mary and Summercloud Creeks. A number of 
tributaries feed Mary Creek near its headwaters, most of which are ephemeral, whereas 
Summercloud Creek follows a single creek line, which is fed by a number of small tributaries 
along the freshwater reach of the creek before crossing an access road to Summercloud Bay. 

Besides flowing surface water, three standing freshwater bodies are present within the southern 
and western catchments of the Investigation Area. Lake McKenzie and Lake Windermere are 
two man-made waterbodies to the west of JBRF. The water level in both lakes was low at the 
time of the survey, especially within Lake McKenzie, which had a large area of bare mud, rock 
and gravel between the water line and the start of the riparian zone. Ducks and water hens 
were observed at both lakes, with Lake McKenzie containing some aquatic vegetation in the 
form of sedges and reeds. Standing timber was common along the edges of Lake Windermere, 
where the water depth increased quickly beyond this point towards the centre. Both water 
bodies did not appear to have any mode for fish to move into them easily. A small number of 
fish were captured, but the majority of fauna living in the both lakes were freshwater shrimp and 
eastern longneck turtles. A small creek discharging to Lake McKenzie had appropriate habitat 
for freshwater crayfish to reside. 

A third area of standing water within the southern portion of the Investigation Area is a set of 
unnamed pools to the south-east of Lake Windermere, located on 403 lands close to the 
boundary with JBRF. The area consists of approximately 12 pools fed by groundwater and are 
of cultural significance to the Wreck Bay community. Each pool was more than 3 m deep and 
surrounded by a thick band of macrophytes. The surrounding vegetation was a mix of heath 
interspersed by eucalypts. Aquatic invertebrates were abundant but not diverse, dominated by 
dragonflies and true bugs. Although appropriate habitat for fish and crayfish were present, the 
lack of connection between these pools and any flowing surface water meant this was unlikely, 
beyond species such as eels, which can migrate across land. Eastern longneck turtles were 
observed in the pools in high numbers. 

Estuarine 

Both the Mary and Summercloud Creek estuaries are short and periodically open to the ocean. 
The Mary Creek estuary is around 250 m in length, and runs parallel to the shoreline before 
meeting the ocean. Although vegetation and fish species evidenced that tide and wave action 
caused interactions between the ocean and Mary Creek, the water was relatively fresh within 
the estuary (EC ~6000 µS/cm). Vegetation growing in the riparian zone and within the water 
was salt tolerant, with dune species such as pigface and spinifex a common feature. Juvenile 
freshwater and marine associated fish species were observed. The west bank of the estuary 
was ~5 m high and actively being eroded by wind and likely by high flows through Mary Creek 
during rain events. 

The Summercloud Creek estuary was ~400 m in length and was open to the ocean at high tide. 
As a result, the salinity of the water was much higher (EC ~16 000 µS/cm) than at Mary Creek. 
Salt-tolerant sedges lined the banks, and large woody debris was common. Ducks, pelicans and 
sea eagles were all observed feeding within the estuary. Adult and juvenile marine associated 
fish and mud crabs were observed feeding and moving through the estuary. Summercloud 
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Creek opens to the ocean beside a sand boat ramp, which is publicly accessible, resulting in 
litter being found along the edges of the estuary and within the water column. 

There was no evidence of fishing in either estuary at the time of sampling. 

Marine 

The marine ecosystems of Wreck Bay are less protected than Jervis Bay, being directly 
exposed to the southerly swell and wind. The greater amount of wave action entering Wreck 
Bay has resulted in small patches of seagrass being present in protected corners, with the 
marine flora dominated by Kelp forests. The rocky coastline was morphologically similar to that 
of Jervis Bay, with many crevasses, caves and undercuts present. Sea urchins, conches and 
turban shells were common throughout. Abalone were present in small numbers, with most 
being below the legal size for collection. Pelagic fish such as mullet, salmon and tailor were 
present in large schools, as were baitfish (slimy mackerel, garfish, sprat and pilchards). Bronze 
whaler and wobbegong sharks and stingrays were also observed in Summercloud Bay. 
Summercloud Bay was observed to be a popular location for fishing from the beach and rocks 
for both visitors and members of the Wreck Bay community. There were divers from the Wreck 
Bay community also observed around the headland between Summercloud Bay and Whitings 
Beach. Mary Beach is inaccessible to the public, and members of the Wreck Bay community 
were observed fishing from the rock areas and the beach on a number of occasions during the 
field work program. Commercial fishermen were also seen observing for large schools of fish 
from a purpose-built area at the western end of Mary Beach.  
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9. Analytical results 
The following sections provide a summary of PFAS detected across the Investigation Area 
during the DSI for different media, together with laboratory results for parameters applicable to 
soil, sediment, surface water and groundwater geochemistry. Further details on the assessment 
criteria as discussed in these sections is presented in Section 7. 

9.1 Soil 

PFAS 

Two hundred and eighty six primary soil samples from within AEC A, AEC B, AEC C, AEC D, 
AEC E, AEC F, AEC H, Bherwerre Barrier, Captains Lagoon, Flat Rock Creek, HMAS Creswell, 
JBRF, various residential gardens, Lake McKenzie, Lake Windermere, Mary Creek, and 
Telegraph Creek were collected during the investigation. The soil sampling laboratory results for 
PFAS are summarised in Table J2 (human health based assessment levels) and Table J3 
(ecological assessment levels) of Appendix J. Laboratory certificates of analysis are presented 
in Appendix K. 

A number of PFAS compounds were detected in soils across the Investigation Area. These are 
summarised in Table 9-1. 

Table 9-1 PFAS detected in soils across the Investigation Area 

Perfluoroalkyl 
Sulfonic Acids 
(PFSAs) 

Perfluoroalkyl 
Carboxylic Acids 
(PFCAs) 

Perfluoroalkyl 
Sulfonamides 

(n:2) Fluorotelomer 
Sulfonic Acids 

Perfluorobutane 
sulfonic acid (PFBS) 
Perfluoropentane 
sulfonic acid 
(PFPeS) 
PFHxS 
Perfluoroheptane 
sulfonic acid 
(PFHpS) 
PFOS 
Perfluorodecane 
sulfonic acid (PFDS) 

Perfluorobutanoic 
acid (PFBA) 
Perfluoropentanoic 
acid (PFPeA) 
Perfluorohexanoic 
acid (PFHxA) 
Perfluorohepanoic 
acid (PFHpA) 
PFOA 
Perfluorononanoic 
acid (PFNA) 
Perfluorodecanoic 
acid (PFDA) 
Perfluoroundecanoic 
acid (PFUnDA) 
Perflurododecanoic 
acid (PFDoDA) 
Perfluorotridecanoic 
acid (PFTrDA) 

Perfluorooctane 
sulfonamide (FOSA) 
N-Ethyl 
perfluorooctane 
sulfonamidoacetic 
acid (EtFOSAA) 
N-Methyl 
perfluorooctane 
sulfonamidoacetic 
acid (MeFOSAA) 

6:2 Fluorotelomer 
sulfonate (6:2 FTS) 
8:2 Fluorotelomer 
sulfonic acid 
(8:2 FTS) 
10:2 Fluorotelomer 
sulfonic acid 
(10:2 FTS) 

The concentrations of many of the PFAS compounds were often several orders of magnitude 
below the adopted assessment levels. However, PFAS (sum of total) was greater than the LOR 
in 89% of sample locations (254 of 286). 
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Leachability 

One hundred and twenty six soil samples from within ACE A, AEC B, AEC C, AEC D, AEC F, 
AEC E, AEC H, Captains Lagoon, Flat Rock Creek, Lake McKenzie, Lake Windermere, and 
Telegraph Creek were analysed using ASLP with de-ionised water to assess PFAS leachability. 
Primary soil samples reporting a range of PFAS concentrations were selected for ASLP. The 
results are presented in Table J4, Appendix J along with percentage recovered (compared to 
the total soil concentrations) for PFOS + PFHxS and PFOA. Leachable PFOS + PFHxS in the 
samples ranged from 0.16% to 60% (although this appears to be an outlier, given the second 
highest leachable percentage of PFOS + PFHxS was 17%) of the total concentration, with an 
average of 3.31. For PFOA, the leachable percentage ranged from 0.36% to 17%, with an 
average of 3.1%. The results suggest that these PFAS may be mobile and have a similar 
leaching potential. 

 
Chart 1 Leachability of PFOS+PFHxS from soils 

Chart 1 presents a comparison of the total PFOS + PFHxS concentrations with the leachable 
concentrations. There is generally a positive correlation between the total and leachable 
concentrations. 

Soil characteristics 

Twenty seven soil samples were collected from across the Investigation Area at AEC A, AEC B, 
AEC C, AED D, AEC F, AEC H, Bherwerre Barrier, Captains Lagoon, Flat Rock Creek and Mary 
Creek, and analysed for physical properties including clay content, cation exchange capacity 
(CEC) and pH. Two hundred fifty one primary samples were analysed for total organic carbon 
(TOC) (from A_BH01 to A_BH40, A_MW01 to A_MW09, B_HA01 to B_HA10, and B_MW01 to 
B_MW40). The results are presented in Table J1, Appendix J and are summarised in Table 9-2. 
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Table 9-2 Summary of soil characteristics 

Analyte No. of results Minimum Maximum Average 
Clay content (%) 25 1 34 12 
TOC (%) 251 <0.02 7.87 1.1 
CEC (meq/100g) 27 <0.1 6.6 1.2 
pH  27 4.7 7.3 5.7 
Notes: 
TOC = Total organic carbon 
CEC = cation exchange capacity (milliequivalent per 100 g) 

With reference to Table J1, the physical property analysis indicates the following: 

 Clay content was highest within AEC A (RAN SSSS), where a maximum of 34% and an 
average of 17% clay was measured. Soils in AEC C (FFTA area of the now parachute 
training school; maximum of 29% and an average of 18%), Source Area D (former 
asbestos Building 15; one sample collected with 28%) and Flat Rock Creek (maximum of 
32% and an average of 17%) also had higher clay content than other portions of the 
Investigation Area. A lower clay content was reported for soils from AEC E (former golf 
course; maximum of 16% and average of 7.7%). Samples from the Bherwerre Barrier had a 
clay content of 1%, and a maximum clay content of 3% was recorded based on the two 
samples analysed from Wreck Bay Village. The higher clay content in the upper plateau 
portions of the Investigation Area may be due to a higher proportion of weathered 
sandstone, whereas the lower lying areas contain Aeolian sand deposits with lower fines 
content. 

 TOC was highest at Flat Rock Creek (a maximum of 7.9% and an average 2.6%) which is 
consistent with the observed landscaping in the area (i.e., natural drainage bed). The AECs 
within JBRF generally had relatively low TOC compared to other areas sampled in the 
Investigation Area. For example, samples collected from AEC A had an average TOC of 
0.84% and AEC C had an average TOC of 0.88%. 

 CEC was highest within AEC C (FFTA of the now parachute training school) (a maximum of 
6.6 meq/100g and an average of 2.78 meq/100g). Lower CEC was generally recorded 
within all other samples collected across the site. Excluding the sample with CEC of 
6.6 meq/100g, CEC ranged between <0.1 and 2.3 meq/100g across the Investigation Area. 

 The pH of soil across the Investigation Area was generally acidic (i.e., pH of around 4 or 5) 
to slightly acidic (i.e., a pH of between 6 and 7). 

 The relatively low TOC, CEC and pH values within the AECs, and generally low clay 
content across the Investigation Area suggest a limited potential for PFAS mobility to be 
reduced through binding to the soils in these areas. 
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9.2 Concrete 

PFAS 

Fifteen primary concrete samples were collected from AEC A (including from A_BH06, A_BH07, 
A_BH09, A_BH10, A_BH12 to A_BH16, A_MW02, AEC_A_Concrete_STOCKPILE) and AEC C 
(C_BH01) during the investigation. The concrete sampling laboratory results for PFAS are 
summarised in Table J5 of Appendix J. Laboratory certificates of analysis are presented in 
Appendix K. 

A number of PFAS were detected in the concrete samples. These are summarised in Table 9-3. 

Table 9-3 PFAS detected in concrete across the Investigation Area 

PFSAs PFCAs Perfluoroalkyl 
Sulfonamides 

(n:2) Fluorotelomer 
Sulfonic Acids 

PFBS 
PFPeS 
PFHxS 
PFHpS 
PFOS 
PFDS 

PFBA 
PFPeA 
PFHxA 
PFHpA 
PFOA 
PFNA 

FOSA 6:2 FTS 

While there is no nationally endorsed guidance for PFAS in concrete, concrete may represent a 
secondary source of PFAS to the environment as a result of legacy applications. Generally, 
concentrations of PFOS and PFHxS were low (i.e., less than 0.5 mg/kg in all but two samples), 
however most samples contained other PFAS analytes at concentrations similar to those 
observed for PFOS + PFHxS. PFAS (sum of total) was greater than the LOR in 14 of the 
15 concrete samples. 

Leachability 

All 15 concrete samples were analysed using the ASLP to assess PFAS leachability, with the 
results presented in Table J6, Appendix J. The percentage recovered (compared to the total 
concrete concentrations) for PFOS + PFHxS and PFOA is also included in Table J6. Leachable 
PFOS + PFHxS in the samples ranged from 0.70% to 20% of the total concentration, with an 
average of 5.6%. For PFOA, the leachable percentage ranged from 1.4% to 11%, with an 
average of 3.5%. The results suggest that these PFAS may be mobile and have a similar 
leaching potential. 

Chart 2 presents a comparison of the total PFOS + PFHxS concentrations with the leachable 
concentrations. There is generally a positive correlation between the total and leachable 
concentrations. 
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Chart 2 Leachability of PFOS+PFHxS from concrete 

9.3 Sediment 

PFAS 

One hundred and thirty three primary sediment samples were collected from AEC A/B, AEC B, 
AEC E, AEC F, AEC H, Captains Lagoon, Flat Rock Creek, JBRF, Jervis Bay, Lake McKenzie, 
Lake Windermere, Mary Creek, Summercloud Creek, Telegraph Creek, and Unnamed 
Waterbodies #1-#4. The sediment sampling laboratory results for PFAS are summarised in 
Table J8 of Appendix J. Laboratory certificates of analysis are presented in Appendix K. 

A number of PFAS were detected in sediment across the Investigation Area. These are 
summarised in Table 9-4. 

Table 9-4 PFAS detected in sediment across the Investigation Area 

PFSAs PFCAs Perfluoroalkyl 
Sulfonamides 

(n:2) Fluorotelomer 
Sulfonic Acids 

PFBS 
PFPeS 
PFHxS 
PFHpS 
PFOS 
PFDS 

PFBA 
PFPeA 
PFHxA 
PFHpA 
PFOA 
PFDA 
PFUnDA 
PFDoDA 

FOSA 
EtFOSAA 
N-Methyl 
perfluorooctane 
sulfonamide (MeFOSA) 
N-Methyl 
perfluorooctane 
sulfonamidoethanol 

6:2 FTS 
8:2 FTS 
10:2 FTS 

The concentration of the majority of PFAS analytes were low in most of the samples analysed, 
with all but seven samples having concentrations of PFOS + PFHxS less than 0.05 mg/kg. 
Overall, PFAS (sum of total) was greater than the LOR in 57% of samples (76 of 133). The 
majority of offsite locations had PFAS concentrations less than the LOR. 
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Sediment characteristics 

Ninety four primary sediment samples collected from the onsite drainage channels within 
AEC A/B, AEC B, AEC E, AEC F, AEC H and JBRF, and from Captains Lagoon, Flat Rock 
Creek, Lake McKenzie, Lake Windermere, Mary Creek, Summercloud Creek, Telegraph Creek 
and Unnamed Water Features #1-#4, were analysed for TOC to assist in assessing the 
bioavailability of PFAS and its affinity to bind to sediments. Samples were collected during both 
dry and wet weather events. The results are presented in Table J7, Appendix J, and are 
summarised in Table 9-5. 

Table 9-5 Summary of sediment organic carbon content 

Area No. of primary 
samples  

Total organic carbon (%) 
Minimum Maximum Average 

AEC A/B 5 0.12 3.52 1.1 
AEC B 3 0.81 5.54 2.6 
AEC H 1 2.24 2.24 2.24 
JBRF 6 0.22 1.62 0.91 
AEC E 4 0.37 0.85 0.56 
AEC F 2 0.77 4.70 2.70 
Captains Lagoon 13 (16) 0.03 (0.02) 20.3 3.10 (2.6) 
Flat Rock Creek 13 (15) <0.02 22.9 3.3 (2.9) 
Lake McKenzie (3) (0.05) (0.3) (0.15) 
Lake Windermere (3) (0.29) (4.1) (1.6) 
Mary Creek 8 (9) 0.03 4.41 1.4 (1.2) 
Summercloud Creek 3 0.2 2.34 1.0 
Telegraph Creek 11 0.03 22.8 6.4 
Unnamed Water Feature #1 4 0.16 4.17 1.4 
Unnamed Water Feature #2 1 3.95 3.95 3.95 
Unnamed Water Feature #3 7 0.04 17.8 3.4 
Unnamed Water Feature #4 1 0.03 0.03 0.03 
Note: 
Results reported in parenthesis () include both wet and dry weather samples. 

The sediment TOC analysis indicates the following: 

 TOC content was generally highest in sediments within the northern region of the 
Investigation Area (Flat Rock Creek, Telegraph Creek and Captains Lagoon), where 
maximum TOC of 23%, 23%, and 20%, respectively were recorded. Average TOC at these 
locations were higher than TOC observed in other areas. 

 TOC content was relatively low within the onsite drainage channels (a maximum of 5.5% 
and an average of 1.3% across all JBRF locations) indicating a lower potential for PFAS 
binding to sediments within these ephemeral channels. The lower sediment binding 
potential is supported by the relatively higher PFAS concentrations detected in the surface 
water samples collected from these channels (refer to Section 9.8). 

A discussion on the TOC results with comparison to reported PFAS concentrations is presented 
in Section 12.10.2. 
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Nine samples were also analysed to assess the sediment characteristics including clay 
content5, CEC and pH, with the following points noted: 

 The clay content in sediment was relatively low, with a maximum of 24% in the sample from 
DC_SD05 (JBRF drainage channel). The remaining samples were all below 9%. 

 Sediments were generally neutral to acidic in nature with pH varying from 7 to 4.4, however 
at location UN3_SD04, a higher, more alkaline pH of 9.2 was recorded. 

 CEC in sediments varied across the Investigation Area from 0.1 meq/100g in the vicinity of 
the AEC A and AEC B drainage channels (AB_SD06) to 37.4 meq/100g at Flat Rock Creek 
location FC_SD08. In general the higher CECs were recorded in the lower lying drainage 
channels including Telegraph Creek and Captains Lagoon. 

Leachability/pore water analysis 

Pore water analysis was conducted on six sediment samples, and 28 sediment samples using 
the ASLP to assess PFAS leachability, with the results presented in Table J9 in Appendix J. 
The percentage recovered (compared to the total sediment concentrations) for PFOS + PFHxS 
and PFOA is also included in Table J9. 

Leachable PFOS + PFHxS in the sediment samples ranged from 0.03% to 10% of the total 
concentration, with an average of 2.1%. For PFOA, the leachable percentage in sediment 
samples ranged from 0.03% to 3%, with an average of 0.42%. The results suggest that these 
PFAS may be mobile, however there is a lower leaching potential compared to the sandier soils, 
most notably for PFOA. 

Chart 3 presents a comparison of the total PFOS + PFHxS concentrations with the leachable 
concentrations. There is generally a positive correlation between the total and leachable 
concentrations with the exception of B_SD03_0-0.1 which had a very low leachate recovery 
(0.03%) compared to the remainder of the data set. 

 
Chart 3 Leachability of PFOS+PFHxS from sediment 

  

                                                      
5 Eight samples only. 
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Recoverable PFOS + PFHxS in sediment pore water samples ranged from 0% to 118% of the 
total concentration, with an average of 57%. For PFOA, the leachable percentage ranged from 
0% to greater than 40%, with an average of 10%. The results suggest that these PFAS may be 
bioavailable within the sediments, however there is significant variability in results across the 
Investigation Area. 

The reported concentrations of PFOS in two of the six pore water samples, CL_SD01_0.0 (0.78 
µg/L) and MC_SD01_0.0 (0.3 µg/L) were in excess of the adopted ecological assessment level 
(0.13 µg/L), and will be considered further in the ERA. 

Chart 4 presents a comparison of the total PFOS + PFHxS concentrations in sediment with the 
pore water concentrations. There is generally a positive correlation between the total sediment 
and pore water concentrations. 

 
Chart 4 PFOS+PFHxS in sediment pore water vs PFOS+PFHxS in sediment 

9.4 Surface water 

PFAS 

One hundred and fifty three primary surface water samples from areas AEC A/B, AEC B, 
AEC E, AEC F, AEC G, AEC H, Captains Lagoon, Flat Rock Creek, JBRF, Jervis Bay, Lake 
McKenzie, Lake Windermere, drinking water supply tanks, Mary Creek, Summercloud Creek, 
Telegraph Creek, Unnamed Water Features #1-#4 and Wreck Bay, were collected and 
analysed. The surface water sampling laboratory results for PFAS are presented in the following 
tables in Appendix J: 

 Table J11 – human health based assessment levels (recreational) 

 Table J12 – human health based assessment levels (drinking water) 

 Table J13 – ecological assessment levels 

Laboratory certificates of analysis are presented in Appendix K. 

A number of PFAS were detected in surface water across the Investigation Area. These are 
summarised in Table 9-6. 
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Table 9-6 PFAS detected in surface water across the Investigation Area 

PFSAs PFCAs Perfluoroalkyl 
Sulfonamides 

(n:2) Fluorotelomer 
Sulfonic Acids 

PFBS 
PFPeS 
PFHxS 
PFHpS 
PFOS 
PFDS 

PFPeA 
PFHxA 
PFHpA 
PFOA 
PFNA 
PFDA 
PFDoDA 
PFUnDA 

N-Methyl 
perfluorooctane 
sulfonamidoethanol 
(MeFOSE) 
FOSA 
EtFOSAA 
N-Ethyl 
perfluorooctane 
sulfonamide 
(EtFOSA) 

4.2 FTS 
6:2 FTS 
8.2 FTS 
10.2 FTS 

Exceedances of the adopted assessment levels for PFOS + PFHxS were generally confined to 
onsite areas, and some areas of Mary Creek and Captains Lagoon. Overall, PFAS (sum of 
total) was greater than the LOR in 70% of samples (107 of 153). Generally, surface water 
features to the west (Lakes McKenzie and Windermere), southeast (Unnamed Water 
Feature #3), and marine environments (Jervis Bay and Wreck Bay) had concentrations of PFAS 
either below the LOR or the relevant human health investigation level (drinking water or 
recreational use) 

Samples of water from water storage tanks at RAN SSSS were collected and analysed as part 
of the RAN SSSS HHRA (GHD, 2018a). Laboratory results are presented with the 
aforementioned report in Appendix M, and summarised in Table J20 of Appendix J. On the 
basis that these results have already been reported as part of (GHD, 2018a), they have not 
been considered further in the DSI, but have been tabulated for completeness. 

9.5 Groundwater 

PFAS 

Seventy six primary groundwater samples from AEC A, AEC B, AEC C, AEC E, AEC F, 
Bherwerre Barrier, Captains Lagoon, Flat Rock Creek, HMAS Creswell, JBRF, Lake McKenzie, 
Lake Windermere, Mary Creek, and Telegraph Creek were collected and analysed. The 
groundwater sampling laboratory results for PFAS are summarised in the following tables in 
Appendix J: 

 Table J15 – human health based assessment levels (recreational) 

 Table J16 – human health based assessment levels (drinking water) 

 Table J17 – ecological assessment levels 

Laboratory certificates of analysis are presented in Appendix K. 

A number of PFAS were detected in groundwater across the Investigation Area. These are 
summarised in Table 9-7. 
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Table 9-7 PFAS detected in groundwater across the Investigation Area 

PFSAs PFCAs Perfluoroalkyl 
Sulfonamides 

(n:2) Fluorotelomer 
Sulfonic Acids 

PFBS 
PFPeS 
PFHxS 
PFHpS 
PFOS 
PFDS 

PFBA 
PFPeA 
PFHxA 
PFHpA 
PFOA 
PFNA 
PFDA 

FOSA 6:2 FTS 
8:2 FTS 

Exceedances of the adopted assessment levels were generally confined to onsite areas, with 
most offsite groundwater locations having concentrations below the LOR and/or several orders 
of magnitude below the adopted assessment levels. Overall, PFAS (sum of total) was greater 
than the LOR in 79% of samples (60 of 76). 

Discussion of fate and transport of impacted groundwater is included in Section 12. 

9.6 Biota 

PFAS 

Eight hundred and thirty-one primary biota samples were analysed as part of the investigation. 
The biota sampling laboratory results for PFAS are summarised in Table J18 (human health 
based assessment levels) and J19 (ecological assessment levels) of Appendix J. Laboratory 
certificates of analysis are presented in Appendix K. 

A number of PFAS were detected in biota during across the Investigation Area. These are 
summarised in Table 9-8. 

Table 9-8 PFAS detected in biota across the Investigation Area 

PFSAs PFCAs Perfluoroalkyl Sulfonamides (n:2) Fluorotelomer 
Sulfonic Acids 

PFBS 
PFPeS 
PFHxS 
PFHpS 
PFOS 
PFDS 

PFBA 
PFPeA 
PFHxA 
PFHpA 
PFOA 
PFNA 
PFDA 
PFUnDA 
PFDoDA 
PFTrDA 

MeFOSAA 
EtFOSA 
N-Ethyl perfluorooctane 
sulfonamidoethanol (EtFOSE) 

4:2 FTS  
6:2 FTS 
10:2 FTS 
 

The concentration of the majority of PFAS analytes were less than the LOR and/or several 
orders of magnitude below the adopted assessment levels in most biological samples. 
However, PFAS (sum of total) was greater than the LOR in 42% of samples (345 of 831). 
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9.7 AECs 

The following sections summarise the results of soil, concrete, sediment, surface water and 
groundwater analysis of samples collected across the various AECs. In instances where 
concentrations were in excess of the relevant assessment criterion, the results will be reviewed 
further, together with consideration of 95% upper confidence limits (95% UCL) in the HHERA. 

9.7.1 AEC A - RAN SSSS 

Soil 

Ninety-five primary soil samples collected from boreholes A_BH01 to A_BH40 and monitoring 
wells A_MW01 to A_MW09 within AEC A were analysed for PFAS. Results are presented in 
Tables J2 and J3 of Appendix J and summarised in Table 9-9. 

Table 9-9 AEC A – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum   Average * 
PFOS <0.0002 14.6 0.47 
PFOS + PFHxS <0.0002 16.4 0.53 
PFOA <0.0002 0.345 0.0071 
Sum of PFAS <0.0002 17.8 0.56 
Notes: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (20 mg/kg). 

Thirty-three samples had PFOS concentrations in excess of the adopted ecological assessment 
levels (0.14 mg/kg indirect exposure, 1 mg/kg direct exposure). Generally, exceedances were 
located within the RAN SSSS boundary, and within the drainage channels to the immediate 
north and south. A summary of the exceedances is presented in Table 9-10, while the sampling 
locations and results are shown on Figure 9-1. 

Table 9-10 AEC A – soil PFAS exceeding ecological assessment levels 

Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
A_BH01_0.1-0.2 0.1-0.2 PFOS 0.504 
A_BH03_0.1-0.2 0.1-0.2 PFOS  0.231 
A_BH06_0.2-0.3 0.2-0.3 PFOS  0.185 
A_BH07_0.2-0.3 0.2-0.3 PFOS 0.489 
A_BH07_0.5-0.6 0.5-0.6 PFOS 0.401 
A_BH08_0.2-0.3^ 0.2-0.3 PFOS  0.162 
A_BH09_0.2-0.3 0.2-0.3 PFOS  0.219 
A_BH10_0.25-0.35 0.25-0.35 PFOS  0.399 
A_BH10_0.5-0.6 0.5-0.6 PFOS  0.232 
A_BH11_0.21-0.31 0.21-0.31 PFOS  0.242 
A_BH12_0.65-0.75 0.65-0.75 PFOS  0.184 
A_BH15_0.2-0.25 0.2-0.25 PFOS  0.376 
A_BH16_0.3-0.35^ 0.3-0.35 PFOS  0.22 
A_BH16_0.5-0.6 0.5-0.6 PFOS  0.157 
A_BH18_0-0.1 0-0.1 PFOS 0.532 
A_BH18_0.4-0.5^ 0.4-0.5 PFOS 0.79 
A_BH20_0-0.1 0-0.1 PFOS 0.413 
A_BH20_0.5-0.6 0.5-0.6 PFOS 0.386 
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Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
A_BH21_0-0.1 0-0.1 PFOS 1.08 
A_BH22_0-0.1 0-0.1 PFOS 0.467 
A_BH28_0-0.1 0-0.1 PFOS 0.684 
A_BH29_0-0.1 0-0.1 PFOS 0.437 
A_BH29_0.4-0.5 0.4-0.5 PFOS 0.171 
A_BH35_0-0.1 0-0.1 PFOS 9.85 
A_BH35_0.5-0.6 0.5-0.6 PFOS 14.6 
A_BH36_0-0.1 0-0.1 PFOS 0.2 
A_MW02_0.3-0.35 0.3-0.35 PFOS 0.152 
A_MW03_0-0.1 0-0.1 PFOS 4.65 
A_MW03_0.5-0.6 0.5-0.6 PFOS 0.214 
A_MW05_0-0.1 0-0.1 PFOS 0.161 
A_MW05_0.5-0.6 0.5-0.6 PFOS 0.221 
A_MW06_0.5-0.6 0.5-0.6 PFOS 3.24 
A_MW09_0-0.1 0-0.1 PFOS 0.328 
Assessment levels 
Yellow shading indicates concentration exceeds the 
ecological based assessment level - (HEPA, 2018) 
interim soil – ecological indirect exposure for 
commercial/industrial land use 

PFOS  0.14 

Bold indicates concentration exceeds the ecological 
based assessment level – (HEPA, 2018) interim soil 
– ecological direct exposure  

PFOS  1 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 

Concrete 

Twelve primary concrete samples collected from the concrete pad within AEC A (from A_BH06, 
A_BH07, A_BH09, A_BH10, A_BH12, A_BH13, A_BH14, A_BH15, A_BH16, and A_MW02) 
and one sample from a stockpile (AEC A_Concrete_STOCKPILE) to the north west were 
analysed for PFAS. Results are presented in Table J5, Appendix J and summarised in 
Table 9-11. 

Table 9-11 AEC A – summary of PFAS concrete analysis (mg/kg) 

Analyte Minimum  Maximum  Average * 
PFOS 0.0035 0.552 0.12 
PFOS + PFHxS 0.0071 2.62 0.44 
PFOA <0.0002 0.0824 0.018 
Sum of PFAS 0.0071 5.65 0.79 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

There is no nationally accepted assessment level for concentrations of PFAS in concrete, as 
such, no exceedances have been identified. The sampling locations and results are shown on 
Figure 9-2. 

Groundwater 

Nine primary groundwater samples collected from within AEC A during dry weather (A_MW01 
to A_MW09), and one primary groundwater sample collected at A_MW03 during a wet weather 
event were analysed for PFAS. Results are presented in Table J15 to Table J17, Appendix J 
and summarised in Table 9-12. 
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Table 9-12 AEC A – summary of PFAS groundwater analysis (µg/L) 

Analyte Dry Weather (n=9) Wet Weather (n=1) 
Minimum Maximum Average 

PFOS 0.044 90.5 16 139 
PFOS + PFHxS 0.321 120 25 169 
PFOA 0.0048 3.44 0.73 2.07 
Sum of PFAS 0.386 134 30 188 

Eight samples from A_MW02 to A_MW09 (including one wet weather sample) reported PFAS 
concentrations in excess of the adopted human health based assessment level for recreational 
use as summarised in Table 9-13. The sampling locations and results are shown on Figure 9-3. 

Table 9-13 AEC A – PFAS exceeding groundwater human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 

A_MW02 PFOS + PFHxS 6.3 
A_MW03 PFOS + PFHxS 59.6 
A_MW03† PFOS + PFHxS 169 
A_MW04 PFOS + PFHxS 0.972 
A_MW05 PFOS + PFHxS 29.6 
A_MW06 PFOS + PFHxS 120 
A_MW07 PFOS + PFHxS 2.68 
A_MW08 PFOS + PFHxS 4.96 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Note: 
† Wet weather sample from 2 May 2018 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological assessment levels are not reported here as these pathways are 
not considered to be complete. For transparency, it is noted that screening using these 
assessment levels has been undertaken within the tables in Appendix J. 

Sediment and surface water 

Five primary sediment samples and six primary surface water samples were collected down 
gradient of AEC A (known as Area A/B) and analysed for PFAS. Although results are shown on 
Figure 9-1, Figure 9-3, Figure 9-4, and Figure 9-5, these are discussed with other JBRF 
drainage channel results in Section 9.8.1.  
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9.7.2 AEC B – area adjacent to RAN SSSS, Mary Creek 

Soil 

Twenty-eight primary soil samples (B_HA01 to B_HA10, and B_MW01 to B_MW04) collected 
from within AEC B were analysed for PFAS. Results are presented in Table J2 and J3 in 
Appendix J and summarised in Table 9-14. 

Table 9-14 AEC B – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum   Average * 
PFOS <0.0002 1.42 0.06 
PFOS + PFHxS <0.0002 1.48 0.063 
PFOA <0.0002 0.012 0.0006 
Sum of PFAS <0.0002 1.52 0.069 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No soil samples reported PFAS concentrations in excess of the adopted human health based 
assessment level (20 mg/kg PFOS + PFHxS). 

Two samples reported PFOS concentrations in excess of the adopted ecological assessment 
levels (0.14 mg/kg indirect exposure, 1 mg/kg direct exposure). Both samples were from a hand 
auger location in the southwest boundary of the site along a drainage channel. A summary of 
the exceedances is presented in Table 9-15, and sampling locations are shown on Figure 9-4. 

Table 9-15 AEC B – soil PFOS exceeding ecological assessment levels 

Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
B_HA05_0.1-0.2 0.1-0.2 PFOS 1.42 
B_HA05_0.45-0.55 0.45-0.55 PFOS  0.179 
Assessment levels 
Yellow shading indicates concentration exceeds the 
ecological based assessment level - (HEPA, 2018) 
interim soil – ecological indirect exposure for 
commercial/industrial land use 

PFOS  0.14 

Bold indicates concentration exceeds the ecological 
based assessment level – (HEPA, 2018) interim 
soil – ecological direct exposure 

PFOS 1 

Groundwater 

Four primary groundwater samples (B_MW01 to B_MW04) collected from within AEC B during 
dry weather sampling were analysed for PFAS. One additional primary groundwater sample 
(B_MW04) was collected during a wet weather event and analysed, the result however is not 
included in Table 9-16 as PFAS concentrations were below the LOR. Results are presented in 
Tables J15, J16, and J17, Appendix J and summarised in Table 9-16. 

Table 9-16 AEC B – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum  Maximum  Average  
PFOS 0.0053 0.0952 0.032 
PFOS + PFHxS 0.0248 0.134 0.073 
PFOA <0.0005 0.0029 0.0011 
Sum of PFAS 0.0328 0.149 0.09 
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As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological assessment levels are not reported here as these pathways are 
not considered to be complete. For transparency, it is noted that screening using these 
assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. The 
sampling locations and results are shown on Figure 9-5. 

Sediment 

Three primary sediment samples (B_SD01 to B_SD03) collected from AEC B were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-17. The 
sampling locations and results are shown on Figure 9-4. 

Table 9-17 AEC B – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum (mg/kg) Maximum (mg/kg)  Average (mg/kg)* 
PFOS 0.0024 0.19 0.073 
PFOS + PFHxS 0.0032 0.208 0.08 
PFOA <0.0002 0.0022 0.001 
Sum of PFAS 0.0032 0.218 0.084 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

It is noted that sediment sample results from drainage channels up gradient of AEC B, are also 
included on Figure 9-4, and these are discussed with other JBRF drainage channel results in 
Section 9.8.1. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level which was considered relevant to the exposure pathways at 
AEC B. 

Surface water 

Three primary surface water samples (B_SW01 to B_SW03) collected from AEC B during dry 
weather and one primary surface water sample (at B_SW01) collected during a wet weather 
event were analysed for PFAS. Results are presented in Table J11 to Table J13 in Appendix J 
and summarised in Table 9-18. 

Table 9-18 AEC B – summary of PFAS surface water analysis (µg/L) 

Analyte Dry Weather (n=3) Wet Weather (n=1) 
Minimum Maximum Average  

PFOS 0.0846 7.07 3.4 4.15 
PFOS + PFHxS 0.236 10.9 5.4 8.18 
PFOA 0.0028 0.236 0.11 0.152 
Sum of PFAS 0.279 12.7 6.2 9.57 

It is noted that surface water sample results from drainage channels up gradient of AEC B, are 
also included on Figure 9-5, and these are discussed with other JBRF drainage channel results 
in Section 9.8.1. 

Three surface water samples (including the one wet weather sample) reported PFOS + PFHxS 
concentrations in excess of the adopted human health based assessment level for recreational 
use (0.7 µg/L) as summarised in Table 9-19. The sampling locations and results are shown on 
Figure 9-5. 
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Table 9-19 AEC B – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
B_SW01 PFOS + PFHxS 4.94 
B_SW01† PFOS + PFHxS 8.18 
B_SW03 PFOS + PFHxS 10.9 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) -  recreational water 

PFOS + PFHxS 0.7 

Note: 
† Wet weather sample from 1 May 2018 

Three surface water samples (including one wet weather sample) reported PFOS 
concentrations in excess of the adopted ecological assessment level (0.13 µg/L) as summarised 
below in Table 9-20. 

Table 9-20 AEC B - PFAS exceeding surface water ecological assessment 
levels 

Location ID Analyte Concentration (µg/L) 
B_SW01 PFOS 3.07 
B_SW01† PFOS 4.15 
B_SW03 PFOS 7.07 
Assessment level 
Black shading indicates concentration exceeds the 
ecological assessment level - (HEPA, 2018) Freshwater 
95%  

PFOS  0.13 

Notes: 
† Wet weather sample from 1 May 2018 
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9.7.3 AEC C – former fire training area 

Soil 

Fifty four primary soil samples (C_BH01, C_HA01 to C_HA19 and C_MW01 to C_MW07) 
collected from within AEC C were analysed for PFAS. Results are presented in Table J2 and 
Table J3, Appendix J and summarised in Table 9-21. 

Table 9-21 AEC C – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum   Average * 
PFOS <0.0002 3.2 0.14 
PFOS + PFHxS <0.0002 3.44 0.15 
PFOA <0.0002 0.0185 0.0011 
Sum of PFAS <0.0002 3.53 0.16 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment levels (20 mg/kg). 

Eight samples reported PFOS concentrations in excess of the adopted ecological assessment 
levels (0.14 mg/kg indirect exposure, 1 mg/kg direct exposure). PFAS exceedances were 
distributed across AEC C. A summary of the exceedances is presented in Table 9-22 and 
locations are shown in Figure 9-6. 

Table 9-22 AEC C – soil PFOS exceeding ecological assessment levels 

Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
C_BH01_0.1-0.2 0.1-0.2 PFOS 0.319 
C_HA11_0.2-0.3 0.2-0.3 PFOS  0.586 
C_HA12_0-0.1 0-0.1 PFOS 1.8 
C_HA12_0.3-0.4 0.3-0.4 PFOS 3.2 
C_HA19_0-0.1 0-0.1 PFOS 0.144 
C_MW02_0.1-0.2 0.1-0.2 PFOS 0.247 
C_MW04_0.1-0.2 0.1-0.2 PFOS 0.415 
C_MW04_0.5-0.6 0.5-0.6 PFOS 0.143 
Assessment levels 
Yellow shading indicates concentration exceeds the 
ecological based assessment level - (HEPA, 2018) 
interim soil – ecological indirect exposure for 
commercial/industrial land use 

PFOS  0.14 

Bold indicates concentration exceeds the ecological 
based assessment level – (HEPA, 2018) interim soil – 
ecological direct exposure  

PFOS 1 

Concrete 

Two primary concrete samples (top and bottom of concrete at C_BH01) collected from AEC C 
were analysed for PFAS. These samples were from the same location, with the top and bottom 
of the concrete sampled and analysed. PFAS were only reported above the LOR in the bottom 
sample (0.072 mg/kg PFOS + PFHxS, 0.086 mg/kg sum PFAS). Results are presented in 
Table J5, Appendix J and shown on Figure 9-6. 

There is no nationally accepted guidance for concentrations of PFAS in concrete. 
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Groundwater 

Nine primary groundwater samples collected from AEC C (C_MW01, C_MW02, C_MW03, 
C_MW04, C_MW05, C_MW06, C_MW07, MW028, and MW030) were analysed for PFAS. 
Results are presented in Table J15, Table J16 and Table J17 in Appendix J and summarised in 
Table 9-23. 

Table 9-23 AEC C – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L)* 
PFOS <0.0003 0.227 0.034 
PFOS + PFHxS 0.0006 3.03 0.4 
PFOA <0.0005 0.0697 0.0089 
Sum of PFAS 0.0006 4.62 0.61 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

One sample reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L for recreational water) as summarised in Table 9-24. The 
sampling locations and results are shown on Figure 9-7. 

Table 9-24 AEC C – PFAS exceeding groundwater human health based 
assessment levels  

Location ID Analyte Concentration (µg/L) 
C_MW07 PFOS + PFHxS 3.03 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) -  recreational water 

PFOS + PFHxS 0.7 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological assessment levels are not reported here as these pathways are 
not considered to be complete. For transparency, it is noted that screening using these 
assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. 

Surface water 

No surface water was collected in Area C during the investigation. 

9.7.4 AEC D – former building 

Soil 

Six primary soil samples collected from within AEC D (D_HA01 to D_HA03) were analysed for 
PFAS. Results are presented in Table J2 and Table J3 in Appendix J and summarised in 
Table 9-25. 

Table 9-25 AEC D – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum   Average * 
PFOS <0.0002 0.212 0.055 
PFOS + PFHxS 0.0005 0.214 0.056 
PFOA <0.0002 0.0007 0.0003 
Sum of PFAS 0.0005 0.218 0.057 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 
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No soil samples reported PFOS + PFHxS concentrations in excess of the relevant adopted 
human health based assessment level (20 mg/kg). 

One sample reported PFOS at a concentration in excess of the adopted ecological assessment 
levels (0.14 mg/kg indirect exposure). The exceedance is shown in Table 9-26 and on 
Figure 9-6. 

Table 9-26 AEC D – soil PFOS exceeding ecological assessment levels 

Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
D_HA02_0.5-0.6 0.5-0.6 PFOS 0.212 
Assessment levels 
Yellow shading indicates concentration exceeds the 
ecological based assessment level (HEPA, 
2018) -  interim soil – ecological indirect exposure for 
commercial/industrial land use 

PFOS  0.14 

Groundwater, Sediment and Surface water 

There were no existing or new groundwater wells installed in AEC D. Furthermore, due to the 
absence of water courses or other surface water features in this area, no sediment and surface 
water samples were collected.  
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9.7.5 AEC E – golf course 

Soil 

Forty one primary soil samples collected from within AEC E (E_HA01 to E_HA15, and E_MW01 
to E_MW05) were analysed for PFAS. Results are presented in Table J2 and Table J3 in 
Appendix J and summarised in Table 9-27. 

Table 9-27 AEC E – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum   Average * 
PFOS <0.0002 0.133 0.021 
PFOS + PFHxS <0.0002 0.134 0.023 
PFOA <0.0002 0.003 0.0004 
Sum of PFAS <0.0002 0.134 0.025 
Note: 
* The higher of primary and duplicate results was used to calculate averages. Where results were less than LOR, 

half LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (1 mg/kg). 

Sixteen samples reported PFOS concentrations in excess of the adopted ecological 
assessment level (0.01 mg/kg indirect exposure). PFAS exceedances were distributed 
throughout AEC E. A summary of the exceedances is presented in Table 9-28. The sampling 
locations are shown on Figure 9-8. 

Table 9-28 AEC E – soil PFOS exceeding ecological assessment levels 

Field ID Depth (m bgl) Analyte Concentration (mg/kg) 
E_HA01_0.1-0.2 0.1-0.2 PFOS 0.111 
E_HA01_0.35-0.45^ 0.35-0.45 PFOS 0.133 
E_HA02_0.1-0.2 0.1-0.2 PFOS 0.0115 
E_HA03_0.1-0.2 0.1-0.2 PFOS 0.0424 
E_HA03_0.35-0.45 0.35-0.45 PFOS 0.0762 
E_HA06_0.1-0.2 0.1-0.2 PFOS 0.0174 
E_HA06_0.5-0.6 0.5-0.6 PFOS 0.0243 
E_HA07_0.4-0.5 0.4-0.5 PFOS 0.026 
E_HA09_0.1-0.2 0.1-0.2 PFOS 0.0773 
E_HA10_0.1-0.2 0.1-0.2 PFOS 0.037 
E_HA12_0.1-0.2 0.1-0.2 PFOS 0.0226 
E_HA13_0.1-0.2 0.1-0.2 PFOS 0.0139 
E_HA13_0.4-0.5 0.4-0.5 PFOS 0.0634 
E_HA14_0.5-0.6 0.5-0.6 PFOS 0.0686 
E_MW02_0-0.1 0-0.1 PFOS 0.0226 
E_MW03_0-0.1 0-0.1 PFOS 0.038 
Assessment levels 
Green shading indicates concentration exceeds the 
ecological based assessment level - (HEPA, 2018) 
interim soil – ecological indirect exposure for 
residential / public open space 

PFOS  0.01 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 
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Groundwater 

Six primary groundwater samples collected from within AEC E during dry weather conditions 
(E_MW01, E_MW02, E_MW03, E_MW04, E_MW05, and MW017) and one primary 
groundwater sample (E_MW04) collected during a wet weather event were analysed for PFAS. 
Results are presented in Table J15, Table J16 and Table J17 in Appendix J and summarised in 
Table 9-29. 

Table 9-29 AEC E – summary of PFAS groundwater analysis (µg/L) 

Analyte Dry Weather (n=6) Wet Weather (n=1) 
Minimum  Maximum Average 

PFOS 0.0747 1.04 0.3 4.46 
PFOS + PFHxS 0.108 1.57 0.6 5.76 
PFOA 0.0015 0.0328 0.013 0.06 
Sum of PFAS 0.124 1.91 0.74 6.23 

Three samples reported PFOS + PFHxS concentrations in excess of the relevant adopted 
human health based assessment level (0.7 µg/L for recreational water) as summarised in 
Table 9-30. The sampling locations and results are shown on Figure 9-9. 

Table 9-30 AEC E – PFAS exceeding groundwater human health based 
assessment levels  

Location ID Analyte Concentration (µg/L) 
E_MW04† PFOS + PFHxS 5.76 
E_MW05 PFOS + PFHxS 1.15 
MW017 PFOS + PFHxS 1.57 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) -  recreational water 

PFOS + PFHxS 0.7 

Note: 
† Wet weather sample from 3 May 2018 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological criteria are not reported here as these pathways are not 
considered to be complete. For transparency, it is noted that screening against these 
assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. 

Sediment 

Four primary sediment samples collected from AEC E (E_SD01 to E_SD04) were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-31. 

Table 9-31 AEC E – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum Maximum Average 
PFOS 0.0008 0.0018 0.0016 
PFOS + PFHxS 0.0008 0.0022 0.0018 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS 0.0008 0.003 0.0022 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). Sampling locations and results are 
shown on Figure 9-8. 
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Surface water 

Four primary surface water samples (E_SW01 to E_SW04), and three primary irrigation water 
samples (E_Irrigation_01, E_Irrigation_02 and E_Irrigation_03) collected from AEC E were 
analysed for PFAS. Results are presented in Table J11, Table J12, and Table J13 in Appendix J 
and the surface water results summarised in Table 9-32. 

Table 9-32 AEC E – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum Maximum  Average^ 
PFOS 0.155 0.87 0.38 
PFOS + PFHxS 0.191 1.73 0.67 
PFOA 0.0066 0.05 0.026 
Sum of PFAS 0.242 2.02 0.87 
Note: 
^ The higher of primary and duplicate results was used to calculate averages. 

Two surface water samples reported PFOS + PFHxS concentrations in excess of the relevant 
adopted human health based assessment level (0.7 µg/L for recreational water) as summarised 
in Table 9-33, with all samples of irrigation water below the adopted human health based 
assessment level. The sampling locations and results are shown on Figure 9-9. 

Table 9-33 AEC E – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
E_SW01 PFOS + PFHxS 0.716 
E_SW03^ PFOS + PFHxS 1.73 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) -  recreational water 

PFOS + PFHxS 0.7 

Note: 
^ Result from duplicate sample stated where higher than primary as a conservative measure. 

Four surface water samples and three irrigation samples reported PFOS concentrations in 
excess of the adopted ecological assessment level (0.13 µg/L) as summarised in Table 9-34. 

Table 9-34 AEC E – PFAS exceeding surface water ecological assessment 
levels 

Location ID Analyte Concentration (µg/L) 
E_Irrigation_02 PFOS 0.164 
E_Irrigation_03^ PFOS 0.18 
E_Irrigation PFOS 0.326 
E_SW01 PFOS  0.39 
E_SW02 PFOS 0.37 
E_SW03^ PFOS 0.87 
E_SW04 PFOS 0.38 
Assessment level 
Black shading indicates concentration exceeds the 
ecological assessment level - NEMP (2018) 
Freshwater 95%  

PFOS  0.13 

Note: 
^ Result from duplicate sample stated where higher than primary as a conservative measure. 
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9.7.6 AEC F – fire station 

Soil 

Four primary soil samples collected from within AEC F (from F_MW01 and F_MW02) were 
analysed for PFAS. Results are presented in Table J2 and Table J3, Appendix J and 
summarised in Table 9-35. 

Table 9-35 AEC F – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum Average 
PFOS 0.0042 0.0372 0.019 
PFOS + PFHxS 0.0042 0.0418 0.02 
PFOA 0.0002 0.0013 0.0006 
Sum of PFAS 0.0044 0.0805 0.04 

No soil samples reported PFAS concentrations in excess of the adopted human health based 
assessment level (20 mg/kg) or ecological assessment levels (0.14 mg/kg indirect exposure, 
1 mg/kg direct exposure). Sample locations and results are shown on Figure 9-10. 

Groundwater 

Three primary groundwater samples collected from within AEC F (F_MW01, F_MW02 and 
MW037) were analysed for PFAS. Results are presented in Table J15, Table J16 and 
Table J17, Appendix J and summarised in Table 9-36. 

Table 9-36 AEC F – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum Maximum Average 
PFOS 0.0031 2.36 0.84 
PFOS + PFHxS 0.246 3.17 1.7 
PFOA 0.0033 0.0863 0.059 
Sum of PFAS 0.352 4.71 2.6 

Two samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L for recreational water) as summarised in Table 9-37. The 
sampling locations and results are shown on Figure 9-11. 

Table 9-37 AEC F – PFAS exceeding groundwater human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 

F_MW01 PFOS + PFHxS 3.17 
MW037 PFOS + PFHxS 1.69 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological assessment levels are not reported here as these pathways are 
not considered to be complete. For transparency, it is noted that screening using these 
assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. 

Sediment 

Two primary sediment samples collected from AEC F (F_SD01 and F_SD02) were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-38. Sample 
locations and results are shown on Figure 9-10. 
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Table 9-38 AEC F – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum Maximum Average 
PFOS 0.0049 0.0132 0.0091 
PFOS + PFHxS 0.0055 0.014 0.0098 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS 0.014 0.0216 0.018 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 

Surface water 

Two primary surface water samples collected from AEC F (F_SW01 and F_SW02) were 
analysed for PFAS. Results are presented in Table J11, Table J12, and Table J13, Appendix J 
and summarised in Table 9-39. 

Table 9-39 AEC F – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum Maximum  Average  
PFOS 0.429 6.57 3.5 
PFOS + PFHxS 0.966 8.04 4.5 
PFOA 0.0414 0.111 0.076 
Sum of PFAS 1.74 9.28 5.5 

Two samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L for recreational water) as summarised in Table 9-40. The 
sampling locations and results are shown on Figure 9-11. 

Table 9-40 AEC F – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
F_SW01 PFOS + PFHxS 8.04 
F_SW02 PFOS + PFHxS 0.966 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Two samples reported PFOS concentrations in excess of the adopted ecological assessment 
level (0.13 µg/L) as summarised in Table 9-41. 

Table 9-41 AEC F – PFAS exceeding surface water ecological assessment 
levels 

Location ID Analyte Concentration (µg/L) 

F_SW01 PFOS  6.57 
F_SW02 PFOS 0.429 
Assessment level 
Black shading indicates concentration exceeds the 
ecological assessment level - (HEPA, 2018) 
Freshwater 95%  

PFOS  0.13 
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9.7.7 AEC G – sewage treatment plant 

Soil, sediment and groundwater 

There were no soil bores or groundwater wells installed in AEC G. Furthermore, due to the 
absence of sediment within the STP, no sediment samples were collected. 

Groundwater samples from one existing groundwater well (MW12) to the north east of AEC G 
were collected on two occasions, and analysed for PFAS. Results are presented in Tables J15, 
J16, and J17, Appendix J and discussed with other groundwater wells in the Captains Lagoon 
catchment in Section 9.8.2. 

Surface water 

Three primary surface water samples collected from AEC G (G_SW01 to G_SW03) were 
analysed for PFAS. Results are presented in Tables J11, J12, and J13, Appendix J and 
summarised in Table 9-42. 

Table 9-42 AEC G – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum Maximum Average 
PFOS 0.551 0.765 0.66 
PFOS + PFHxS 0.795 1.25 1.1 
PFOA 0.018 0.0292 0.025 
Sum of PFAS 0.915 1.45 1.2 

As part of the Sewer Network PFAS Investigation (GHD, 2018c), samples of water from within 
the sewer network were collected at numerous locations, and at different times of operation. 
These results are included in the report presented in Appendix N, and have been considered 
further in the estimation of mass fluxes in Section 12.10.4. 

Three samples reported PFOS + PFHxS concentrations in excess of the relevant adopted 
human health based assessment level as summarised in Table 9-43. The sampling locations 
and results are shown on Figure 9-12. 

Table 9-43 AEC G – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
G_SW01 PFOS + PFHxS 0.795 
G_SW02 PFOS + PFHxS 1.25 
G_SW03 PFOS + PFHxS 1.14 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Three surface water samples reported PFOS concentrations in excess of the adopted ecological 
assessment level (0.13 µg/L) as summarised in Table 9-44. 
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Table 9-44 AEC G – PFAS exceeding surface water ecological assessment 
levels 

Location ID Analyte Concentration (µg/L) 
G_SW01 PFOS  0.551 
G_SW02 PFOS 0.765 
G_SW03 PFOS 0.656 
Assessment level 
Black shading indicates concentration exceeds the 
ecological assessment level - (HEPA, 2018) Freshwater 
95%  

PFOS  0.13 
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9.7.8 AEC H – drum disposal area 

Soil and sediment 

Eleven primary soil samples collected from within AEC H (from H_HA01 to H_HA05) were 
analysed for PFAS. Results are presented in Tables J2 and J3 in Appendix J and summarised 
in Table 9-45. 

Table 9-45 AEC H – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum   Average * 
PFOS <0.0002 0.0075 0.0011 
PFOS + PFHxS <0.0002 0.0088 0.0014 
PFOA <0.0002 0.0002 0.0001 
Sum of PFAS <0.0002 0.0095 0.0016 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

One primary sediment sample collected from AEC H (H_SD01_0.1-0.2) was analysed for PFAS. 
The PFOS + PFHxS concentration in the sample was 0.0011 mg/kg. Results are presented in 
Table J8, Appendix J. 

The locations and results for the soil and sediment samples collected from AEC H are shown on 
Figure 9-13. 

No soil or sediment samples reported concentrations of PFAS compounds in excess of the 
adopted human health based assessment level or ecological assessment levels. 

Groundwater and surface water 

Three primary groundwater samples were collected from the area adjacent to AEC H (MW025 
to MW027) and analysed for PFAS. Results are presented in Table J15, Table J16, and 
Table J17 in Appendix J and summarised in Table 9-46. 

Table 9-46 AEC H – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum  Maximum  Average* 
PFOS <0.0003 0.0022 0.0011 
PFOS + PFHxS <0.0003 0.0084 0.0056 
PFOA <0.0005 <0.0005 <0.0005 
Sum of PFAS <0.0003 0.011 0.0065 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

No groundwater samples reported PFOS + PFHxS concentrations in excess of the adopted 
human health based assessment level (0.7 µg/L). 

No groundwater samples reported PFOS concentrations in excess of the adopted ecological 
assessment levels (0.13 µg/L). 

One primary surface water sample (H_SW01) collected from AEC H was analysed for PFAS. 
The PFOS + PFHxS concentration in the sample was 0.036 µg/L (0.043 µg/L sum PFAS). 
Results are presented in Table J11, Table J12, and Table J13, Appendix J. Concentrations of 
PFAS in surface water were below the adopted human health based assessment level (0.7 µg/L 
for PFOS + PFHxS) and ecological assessment levels (0.13 µg/L for PFOS). 

The locations and results for the groundwater and surface water samples collected from AEC H 
are shown in Figure 9-14.  
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9.8 Migration pathways 

The following sections summarise the results of the analysis of soil, sediment, surface water 
and groundwater samples collected across the catchments and migration pathways.  Additional 
samples from within the catchments, and associated with the migration pathways were collected 
and analysed as part of the source characterisation (e.g. within AEC A as per Section 9.7.1 and 
AEC B in 9.7.2). These have not been repeated below, but have been included in the 
discussion of the results in Section 13 and Section 14. 

9.8.1 JBRF onsite drainage channels 

Sediment 

Five primary sediment samples (AB_SD01 to AB_SD04, AB_SD06) were collected from 
drainage channels within Area A/B (drainage lines extending from AEC A towards AEC B), and 
were analysed for PFAS. Results are presented in Table J8, Appendix J and summarised in 
Table 9-47. 

Table 9-47 JBRF onsite drainage – Area A/B – summary of PFAS sediment 
analysis (mg/kg) 

Analyte Minimum Maximum  Average * 
PFOS <0.0002 0.224 0.098 
PFOS + PFHxS <0.0002 0.231 0.11 
PFOA <0.0002 0.0028 0.00088 
Sum of PFAS <0.0002 0.239 0.11 
Note: 
* The higher of primary and duplicate results were used to calculate averages. Where results were less than the 

LOR, half the LOR was used to calculate averages. 

Six primary sediment samples were collected from drainage channels within Area D/C 
(DC_SD01 to DC_SD06, drainage lines extending between AEC A towards AECs C and D), 
and were analysed for PFAS. Results are presented in Table J8, Appendix J and summarised in 
Table 9-48. 

Table 9-48 JBRF onsite drainage – Area D/C – summary of PFAS sediment 
analysis (mg/kg) 

Analyte Minimum Maximum Average* 
PFOS 0.0025 0.0493 0.024 
PFOS + PFHxS 0.0025 0.0552 0.027 
PFOA <0.0002 0.0007 0.00033 
Sum of PFAS 0.0025 0.0581 0.028 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

One sediment sample from Area A/B reported PFOS + PFHxS concentrations in excess of the 
adopted human health and ecological based assessment level, as summarised in Table 9-49. 
The sampling locations and results are shown on Figure 9-15. 

Table 9-49 JBRF onsite drainage – PFAS exceeding sediment assessment 
levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 
AB_SD01_0-0.05 0-0.05 PFOS + PFHxS 0.231 
Assessment level 
Blue shading indicates concentration exceeds 
the adopted human health and ecological 

PFOS + PFHxS 0.22 
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Location ID Depth (m bgl) Analyte Concentration (mg/kg) 
assessment level – PNEC sediment (Bakke, 
Källqvist, Ruus, Breedveld, & Hylland, 2010) 

Surface water 

Six primary surface water samples were collected from drainage channels within Area A/B 
(AB_SW01 to AB_SW06), and were analysed for PFAS. Results are presented in Table J11, 
Table J12, and Table J13, Appendix J and summarised in Table 9-50. 

Table 9-50 AEC A/B – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum Maximum   Average * 
PFOS 0.0173 5.61 1.4 
PFOS + PFHxS 0.0378 12 3.1 
PFOA <0.0005 0.12 0.037 
Sum of PFAS 0.0414 14 3.7 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

Two samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L) as summarised in Table 9-51. The sampling locations and 
results are shown on Figure 9-16. 

Table 9-51 AEC A/B – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
AB_SW01 PFOS + PFHxS 6.3 
AB_SW02 PFOS + PFHxS 12 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

These channels are ephemeral in nature, and are not expected to provide suitable ecological 
habitat. In addition to being ephemeral, the locations where samples were collected from can be 
characterised as a highly disturbed system, given that the areas have been man-made or 
enhanced to enable drainage from base infrastructure, including the runways. Concentrations of 
PFAS along the AEC A/B drainage channels outside AEC A are not in excess of the 95% 
species protection value of 0.13 µg/L (PFOS), and concentrations within AEC A are not in 
excess of the 80% species protection value of 31 µg/L (PFOS).  

Six primary surface water samples were collected from drainage channels within Area D/C 
(DC_SW01 to DC_SW06), and were analysed for PFAS. Results are presented in Table J11, 
Table J12, and Table J13, Appendix J and summarised in Table 9-52. 
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Table 9-52 AEC D/C – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum Maximum  Average 
PFOS 0.0654 4.27 1 
PFOS + PFHxS 0.282 9.5 2.3 
PFOA 0.0021 0.0996 0.04 
Sum of PFAS 0.34 11.4 2.8 

Three samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L) as summarised in Table 9-53. The sampling locations and 
results are shown on Figure 9-16. 

Table 9-53 AEC D/C – PFAS exceeding surface water human health based 
assessment levels 

Location ID Analyte Concentration (µg/L) 
DC_SW02 PFOS + PFHxS 1.6 
DC_SW04 PFOS + PFHxS 9.5 
DC_SW06 PFOS + PFHxS 1.51 
Assessment levels 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Four samples reported PFOS concentrations in excess of the adopted ecological assessment 
level (0.13 µg/L) as summarised in Table 9-54. 

Table 9-54 AEC D/C – PFAS exceeding surface water ecological 
assessment level 

Location ID Analyte Concentration (µg/L) 
DC_SW02 PFOS 0.662 
DC_SW04 PFOS 4.27 
DC_SW05 PFOS 0.297 
DC_SW06 PFOS  0.747 
Assessment level 
Black shading indicates concentration exceeds the 
ecological assessment level - (HEPA, 2018) Freshwater 
95%  

PFOS  0.13 
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9.8.2 Captains Lagoon 

Soil 

Ten primary soil samples (CL_MW01 to CL_MW05) collected during the installation of 
monitoring wells within the Captains Lagoon catchment were analysed for PFAS. Results are 
presented in Table J2 and Table J3, Appendix J and summarised in Table 9-55. The sampling 
locations are shown on Figure 9-17. 

Table 9-55 Captains Lagoon – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum  Average* 
PFOS <0.0002 0.0394 0.0054 
PFOS + PFHxS <0.0002 0.0443 0.0061 
PFOA <0.0002 0.0004 0.0001 
Sum of PFAS <0.0002 0.0484 0.0066 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (1 mg/kg). 

No soil samples reported PFOS concentrations in excess of the adopted ecological assessment 
levels. It is noted that CL_MW01 is within the boundary of JBRF and therefore, has been 
screened against the interim ecological indirect exposure criteria for commercial/industrial land 
use (0.14 mg/kg PFOS + PFHxS), whereas the remaining samples from Captains Lagoon have 
been screened against the residential/public space ecological criteria (0.01 mg/kg PFOS + 
PFHxS). 

Groundwater 

Seven primary groundwater samples collected from monitoring wells (CL_MW01, CL_MW02, 
CL_MW03, CL_MW04, CL_MW05, MW018, and MW12) within the Captains Lagoon catchment 
during dry weather and three primary groundwater samples (CL_MW01, CL_MW02 and MW12) 
collected during a wet weather event were analysed for PFAS. Results are presented in 
Table J15, Table J16 and Table J17, Appendix J and summarised in Table 9-56. 

Table 9-56 Captains Lagoon – summary of PFAS groundwater analysis 
(µg/L) 

Analyte Dry Weather (n=7)* Wet Weather (n=3)* 
Minimum  Maximum  Average  Minimum Maximum Average 

PFOS <0.0003 3.93 0.66 0.05 4 1.5 
PFOS + PFHxS <0.0003 5.23 0.94 0.15 5.3 2 
PFOA <0.0005 0.0627 0.012 <0.01 0.06 0.023 
Sum of PFAS <0.0003 5.88 1.1 0.22 5.8 2.3 
Note: 
* The higher of primary and duplicate results were used to calculate averages. Where results were less than the 

LOR, half the LOR was used to calculate averages. 

Three samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L) as summarised in Table 9-57. The sampling locations and 
results are shown on Figure 9-18.  
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Table 9-57 Captains Lagoon – PFAS exceeding groundwater human health 
based assessment levels 

Location ID Analyte Concentration (µg/L) 
CL_MW01 PFOS + PFHxS 0.971 
MW12 PFOS + PFHxS 5.23 
MW12† PFOS + PFHxS 5.3 
Assessment level 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Note: 
† Wet weather sample from 3 May 2018 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological criteria are not reported as these pathways are not considered 
to be complete. For transparency, it is noted that screening using these assessment levels has 
been undertaken within Table J16 and Table J17 in Appendix J. 

Sediment 

Sixteen primary sediment samples collected from Captains Lagoon (CL_ES01, CL_ES02, 
CL_FW01, CL_SD01 to CL_SD11, CL_SD12, and CL_SD13) were analysed for PFAS. Results 
are presented in Table J8, Appendix J and summarised in Table 9-58. The sampling locations 
and results are shown on Figure 9-17. 

Table 9-58 Captains Lagoon – summary of PFAS sediment analysis 
(mg/kg) 

Analyte Minimum Maximum  Average * 
PFOS <0.0002 0.0444 0.0077 
PFOS + PFHxS <0.0002 0.0474 0.0086 
PFOA <0.0002 0.0005 0.00015 
Sum of PFAS <0.0002 0.0491 0.0094 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional five primary sediment samples collected from Captains Lagoon following a wet 
weather event (CL_SD01, CL _SD02, CL _SD07, CL _SD08, and CL _SD12) were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-59. 

Table 9-59 Captains Lagoon – summary of PFAS sediment analysis – wet 
weather (mg/kg) 

Analyte Minimum  Maximum  Average * 
PFOS <0.0002 0.0024 0.0012 
PFOS + PFHxS <0.0002 0.0028 0.0014 
PFOA <0.0002 <0.0002 0.0001 
Sum of PFAS <0.0002 0.0028 0.0014 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 
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Surface water 

Sixteen primary surface water samples collected from Captains Lagoon (CL_SW01 to 
CL_SW13, CL_ES01, CL_ES02 and CL_FW01, collocated with sediment samples) were 
analysed for PFAS. Results are presented in Table J11, Table J12, and Table J13, Appendix J 
and summarised in Table 9-60. The sampling locations and results are shown on Figure 9-18. 

Table 9-60 Captains Lagoon – summary of PFAS surface water analysis 
(µg/L) 

Analyte Minimum  Maximum  Average * 
PFOS 0.0006 1.64 0.3 
PFOS + PFHxS 0.0012 1.93 0.48 
PFOA <0.0005 <0.05 0.0055 
Sum of PFAS 0.0012 1.98 0.51 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional six primary surface water samples collected from Captains Lagoon (CL_SW01, 
CL_SW02, CL_SW07, CL_SW08, CL_SW09 and CL_SW12) following a wet weather event 
were analysed for PFAS. Results are presented in Table J11, Table J12, and Table J13, 
Appendix J and summarised in Table 9-61. 

Table 9-61 Captains Lagoon – summary of PFAS surface water analysis – 
wet weather (µg/L) 

Analyte Minimum Maximum Average * 
PFOS 0.0007 0.596 0.28 
PFOS + PFHxS 0.0016 1.25 0.62 
PFOA <0.0005 0.0189 0.012 
Sum of PFAS 0.0016 1.48 0.75 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

Seven samples collected during the dry weather event and three samples during the wet 
weather event reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment levels as summarised in Table 9-62. Note, non-saline surface water samples 
collected from within BNP or publically accessible areas of Captains Lagoon have been 
screened against the drinking water assessment level as a conservative approach. The 
sampling locations and results from dry weather sampling are shown on Figure 9-18. 

Table 9-62 Captains Lagoon – PFAS exceeding surface water human 
health based assessment levels 

Location ID Analyte Concentration (µg/L) 
CL_SW01 PFOS + PFHxS 0.952 
CL_SW02 PFOS + PFHxS 1.93 
CL_SW07 PFOS + PFHxS 0.323 
CL_SW07^† PFOS + PFHxS 0.58 
CL_SW08^ PFOS + PFHxS 0.341 
CL_SW08† PFOS + PFHxS 0.668 
CL_SW09 PFOS + PFHxS 1.44 
CL_SW09† PFOS + PFHxS 1.25 
CL_ES02_SW PFOS + PFHxS 0.67 
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Location ID Analyte Concentration (µg/L) 
CL_FW01_SW PFOS + PFHxS 0.28 
Assessment levels 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Bold indicates concentration exceeds the human 
health based assessment level for drinking 
water (HEPA, 2018). Samples were only 
screened against the drinking water criteria 
when TDS was less than 1,200 mg/L, given that 
it is considered that concentrations in excess of 
this value are prohibitively unpalatable. 

PFOS + PFHxS 0.07 

Notes: 
^ Result from duplicate sample adopted as a conservative measure. 
† Wet weather sample from 30 April and 1 May 2018 

Sixteen samples reported PFOS concentrations in excess of the adopted ecological 
assessment levels during the dry and wet weather monitoring events, the results of which are 
summarised in Table 9-63. 

Table 9-63 Captains Lagoon - PFAS exceeding surface water ecological 
assessment levels 

Location ID Analyte Concentration (µg/L) 
CL_ES01_SW PFOS 0.37 
CL_ES02_SW PFOS 0.26 
CL_FW01_SW PFOS 0.14 
CL_SW01 PFOS  0.768 
CL_SW01† PFOS 0.269 
CL_SW02 PFOS 1.64 
CL_SW02† PFOS 0.3 
CL_SW03 PFOS 0.168 
CL_SW04 PFOS 0.176 
CL_SW05 PFOS 0.163 
CL_SW07 PFOS 0.15 
CL_SW07^† PFOS 0.28 
CL_SW08^ PFOS 0.165 
CL_SW08† PFOS 0.263 
CL_SW09 PFOS 0.708 
CL_SW09† PFOS 0.596 
Assessment levels 
Black shading indicates concentration exceeds the 
ecological assessment level - (HEPA, 2018) Freshwater 
95% and Interim Marine 95% 

PFOS  0.13 

Notes: 
^ Result from duplicate sample adopted as a conservative measure. 
† Wet weather sample from 30 April and 1 May 2018, 

Biota 

One hundred twenty eight primary biota samples collected from within Captains Lagoon (at 
locations CL_ES01, CL_ES02, CL_FW01 and CL_TS01) were analysed for PFAS. Results are 
presented in Table J18 and Table J19, Appendix J and summarised in Table 9-64. 
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Table 9-64 Captains Lagoon – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding human 
health assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Ant 5 3 NC 0 
Beach Worm 1 1 NC 1 
Branched Algae 5 5 NC 0 
Bream (fillet) 10 10 7 7 
Bream (whole) 10 9 NC 9 
Cockroaches/mixed 
beetles 

5 1 NC 0 

Dragonfly 5 5 NC 5 
Earthworm 4 1 NC 0 
Grub 1 0 NC 0 
Leptoceridae 5 5 NC 1 
Macrophyte 10 7 NC 0 
Millipede 5 5 NC 3 
Moss from boulders 5 5 NC* 0 
Mullet (fillet) 10 10 10 5 
Mullet (whole) 10 10 NC 9 
Geebung 5 0 NC 0 
Shrimp (tail) 1 1 1 1 
Shrimp (whole) 5 5 NC 5 
Spider 5 4 NC 4 
Terrestrial beetle 1 0 NC 0 
Unknown rush (no 
flowers) 

5 4 NC 0 

Whitebait (whole) 10 10 10 10 
Worm 5 5 NC 5 
Yabby 1 1 NC 1 
Notes: 
NC No screening criteria. 
* No human health assessment level exists for mosses, however samples will be forwarded onto the HHRA for 

consideration, given the known use of mosses for medicinal purposes by the community. 

Twenty eight samples reported PFAS concentrations in excess of the adopted human health 
assessment levels as summarised in Table 9-65, with locations and results shown on 
Figure 9-19. 

Table 9-65 Captains Lagoon – PFAS exceeding human health assessment 
levels for biota 

Sample ID Biota Analyte Concentration (mg/kg)^ 
CL_ES01_VM001_180226 Bream, Fillet PFOS + PFHxS 0.013 
CL_ES01_VM002_180226^ Bream, Fillet PFOS + PFHxS 0.05 
CL_ES01_VM003_180226 Bream, Fillet PFOS + PFHxS 0.031 
CL_ES01_VM006_180226 Mullet, Fillet PFOS + PFHxS 0.015 
CL_ES01_VM007_180226 Mullet, Fillet PFOS + PFHxS 0.006 
CL_ES01_VM008_180226 Mullet, Fillet PFOS + PFHxS 0.006 
CL_ES01_VM009_180226 Mullet, Fillet PFOS + PFHxS 0.009 
CL_ES01_VM010_180226 Mullet, Fillet PFOS + PFHxS 0.007 
CL_ES01_IM011_180228 Shrimp, Tail PFOS + PFHxS 0.075 
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Sample ID Biota Analyte Concentration (mg/kg)^ 
CL_ES01_VM011_180228 Whitebait, Whole PFOS + PFHxS 0.314 
CL_ES01_VM012_180228 Whitebait, Whole PFOS + PFHxS 0.325 
CL_ES01_VM013_180228 Whitebait, Whole PFOS + PFHxS 0.299 
CL_ES01_VM014_180228 Whitebait, Whole PFOS + PFHxS 0.413 
CL_ES01_VM015_180228 Whitebait, Whole PFOS + PFHxS 0.498 
CL_ES02_VM011_180410^ Bream, Fillet PFOS + PFHxS 0.0125 
CL_ES02_VM013_180410 Bream, Fillet PFOS + PFHxS 0.027 
CL_ES02_VM014_180414 Bream, Fillet PFOS + PFHxS 0.065 
CL_ES02_VM015_180414 Bream, Fillet PFOS + PFHxS 0.029 
CL_ES02_VM006_180410 Mullet, Fillet PFOS + PFHxS 0.009 
CL_ES02_VM007_180410 Mullet, Fillet PFOS + PFHxS 0.007 
CL_ES02_VM008_180410 Mullet, Fillet PFOS + PFHxS 0.01 
CL_ES02_VM009_180410 Mullet, Fillet PFOS + PFHxS 0.008 
CL_ES02_VM010_180410^ Mullet, Fillet PFOS + PFHxS 0.029 
CL_ES02_VM001_180410 Whitebait, Whole PFOS + PFHxS 0.671 
CL_ES02_VM002_180410 Whitebait, Whole PFOS + PFHxS 1.117 
CL_ES02_VM003_180410 Whitebait, Whole PFOS + PFHxS 0.64 
CL_ES02_VM004_180410 Whitebait, Whole PFOS + PFHxS 0.604 
CL_ES02_VM005_180410 Whitebait, Whole PFOS + PFHxS 0.819 
Assessment levels 
Blue shading indicates concentration exceeds 
the FSANZ 2017 Crustacean Trigger Point 

PFOS + PFHxS 0.065 

Purple shading indicates concentration exceeds 
the FSANZ 2017 Finfish Trigger Point 

PFOS + PFHxS 0.0052 

Note: 
^ Result from duplicate sample adopted as a conservative measure, 

Sixty-six samples reported PFAS concentrations in excess of the adopted ecological 
assessment levels as summarised in Table 9-66, with locations and results shown on 
Figure 9-20. Generally, it was assumed that all biota could be consumed by an avian receptor, 
while generally, terrestrial biota only was considered relevant to the mammalian diet within the 
Investigation Area. 

Table 9-66 Captains Lagoon – PFAS exceeding ecological assessment 
levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)^  

CL_ES02_IM001_180411 Beach worm PFOS + PFHxS 0.055 
CL_ES01_VM001_180226 Bream, fillet PFOS + PFHxS 0.013 
CL_ES01_VM002_180226^ Bream, fillet PFOS + PFHxS 0.05 
CL_ES01_VM003_180226 Bream, fillet PFOS + PFHxS 0.031 
CL_ES02_VM011_180410^ Bream, fillet PFOS + PFHxS 0.0125 
CL_ES02_VM013_180410 Bream, fillet PFOS + PFHxS 0.027 
CL_ES02_VM014_180414 Bream, fillet PFOS + PFHxS 0.065 
CL_ES02_VM015_180414 Bream, fillet PFOS + PFHxS 0.029 
CL_ES01_VM001_W_180226^ Bream, whole PFOS + PFHxS 0.123 
CL_ES01_VM002_W_180226 Bream, whole PFOS + PFHxS 0.01 
CL_ES01_VM003_W_180226 Bream, whole PFOS + PFHxS 0.016 
CL_ES01_VM005_W_180226 Bream, whole PFOS + PFHxS 0.009 
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Sample ID Biota Analyte Concentration 
(mg/kg)^  

CL_ES02_VM011_W_180410 Bream, whole PFOS + PFHxS 0.021 
CL_ES02_VM012_W_180410 Bream, whole PFOS + PFHxS 0.033 
CL_ES02_VM013_W_180410 Bream, whole PFOS + PFHxS 0.096 
CL_ES02_VM014_W_180414 Bream, whole PFOS + PFHxS 0.449 
CL_ES02_VM015_W_180414 Bream, whole PFOS + PFHxS 0.154 
CL_FW01_IM001_180411 Dragonfly PFOS + PFHxS 0.031 
CL_FW01_IM002_180411 Dragonfly PFOS + PFHxS 0.021 
CL_FW01_IM003_180411 Dragonfly PFOS + PFHxS 0.029 
CL_FW01_IM004_180417 Dragonfly PFOS + PFHxS 0.138 
CL_FW01_IM005_180417 Dragonfly PFOS + PFHxS 0.016 
CL_FW01_IM006_180414^ Leptoceridae, whole PFOS + PFHxS 0.0142 
CL_TS01_I002_180409 Millipedes PFOS + PFHxS 0.009 
CL_TS01_I003_180409 Millipedes PFOS + PFHxS 0.01 
CL_TS01_I011_180409 Millipede PFOS + PFHxS 0.007 
CL_ES01_VM006_180226 Mullet, fillet PFOS + PFHxS 0.015 
CL_ES01_VM009_180226 Mullet, fillet PFOS + PFHxS 0.009 
CL_ES02_VM006_180410 Mullet, fillet PFOS + PFHxS 0.009 
CL_ES02_VM008_180410 Mullet, fillet PFOS + PFHxS 0.01 
CL_ES02_VM010_180410^ Mullet, fillet PFOS + PFHxS 0.029 
CL_ES01_VM006_W_180226 Mullet, whole PFOS + PFHxS 0.048 
CL_ES01_VM007_W_180226 Mullet, whole PFOS + PFHxS 0.038 
CL_ES01_VM008_W_180226 Mullet, whole PFOS + PFHxS 0.012 
CL_ES01_VM010_W_180226 Mullet, whole PFOS + PFHxS 0.014 
CL_ES02_VM006_W_180410 Mullet, whole PFOS + PFHxS 0.092 
CL_ES02_VM007_W_180410 Mullet, whole PFOS + PFHxS 0.155 
CL_ES02_VM008_W_180410 Mullet, whole PFOS + PFHxS 0.154 
CL_ES02_VM009_W_180410 Mullet, whole PFOS + PFHxS 0.103 
CL_ES02_VM010_W_180410 Mullet, whole PFOS + PFHxS 0.031 
CL_ES01_IM011_180228 Shrimp, tail PFOS + PFHxS 0.075 
CL_ES01_IM006_180228 Shrimp, whole PFOS + PFHxS 0.05 
CL_ES01_IM007_180228 Shrimp, whole PFOS + PFHxS 0.152 
CL_ES01_IM008_180228 Shrimp, whole PFOS + PFHxS 0.239 
CL_ES01_IM009_180228 Shrimp, whole PFOS + PFHxS 0.273 
CL_ES01_IM010_180228 Shrimp, whole PFOS + PFHxS 0.311 
CL_TS01_I006_180409 Spider PFOS + PFHxS 0.046 
CL_TS01_I013_180409 Spider PFOS + PFHxS 0.012 
CL_TS01_I028_180411 Spider PFOS + PFHxS 0.009 
CL_TS01_I029_180411 Spider PFOS + PFHxS 0.011 
CL_ES01_VM011_180228 Whitebait, whole PFOS + PFHxS 0.314 
CL_ES01_VM012_180228 Whitebait, whole PFOS + PFHxS 0.325 
CL_ES01_VM013_180228 Whitebait, whole PFOS + PFHxS 0.299 
CL_ES01_VM014_180228 Whitebait, whole PFOS + PFHxS 0.413 
CL_ES01_VM015_180228 Whitebait, whole PFOS + PFHxS 0.498 
CL_ES02_VM001_180410 Whitebait, whole PFOS + PFHxS 0.671 
CL_ES02_VM002_180410 Whitebait, whole PFOS + PFHxS 1.117 
CL_ES02_VM003_180410 Whitebait, whole PFOS + PFHxS 0.64 
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Sample ID Biota Analyte Concentration 
(mg/kg)^  

CL_ES02_VM004_180410 Whitebait, whole PFOS + PFHxS 0.604 
CL_ES02_VM005_180410 Whitebait, whole PFOS + PFHxS 0.819 
CL_ES01_IM001_180227 Worm PFOS + PFHxS 0.035 
CL_ES01_IM002_180227 Worm PFOS + PFHxS 0.034 
CL_ES01_IM003_180227^ Worm PFOS + PFHxS 0.073 
CL_ES01_IM004_180227 Worm PFOS + PFHxS 0.072 
CL_ES01_IM005_180227 Worm PFOS + PFHxS 0.045 
CL_FW01_IM011_180414 Yabby, whole PFOS + PFHxS 0.013 
Assessment levels 
Blue font indicates concentration exceeds the Interim 
Ecological Direct Exposure Wildlife Diet – Avian 
(HEPA, 2018) 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds the 
Interim Ecological Direct Exposure Wildlife Diet – 
Mammalian (HEPA, 2018) 

PFOS + PFHxS 0.0046 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 



Level 15, 133 Castlereagh Street Sydney NSW 2000  T 61 2 9239 7100  F 61 2 9239 7199  E sydmail@ghd.com.au  W www.ghd.com.au

!

!

!

!

!
!

!
!
!

!

!

!

!

!

!

!

!

!

!!!

!
!!

!

!

!

!
!

!

!

!!

!

!

!!

!!!

!!

!!

!

!!

!

!

!

!!

!!
!

!

!!!

!

!!

!

!!

!

!

!

!

!
!

!

!
!

@A

@A

@A

%

%

%

%

%

@A@A@A

!

<

!

<

!

<

!

<

!

<

!

<

!

<

!

<

!

<

!

<

!

<

!

< !

< !

<

!

<

!

<

!

<

@A

@A

@A

@A @A

@A

CSR_ACT_000071
(AEC D)

CSR_ACT_000108
(AEC A)

CSR_ACT_000109
(AEC B)

CSR_ACT_000115
(AEC G)

CSR_ACT_000118
(AEC G)CSR_ACT_000101

(AEC F)
CSR_ACT_000106

(AEC E)

MA
RY

 C
RE

EK

FLAT ROCK CREEK

CAPT
AI

NS
LA

GO
ON

TELEGRAPH CREEK

CL_SD01

CL_SD02

CL_SD03

CL_SD04
CL_SD05

CL_SD06

CL_SD07

CL_SD08

CL_SD09

CL_SD10

CL_SD11

CL_SD12

CL_SD13
JB_SW02

CL_ES01_SD

CL_FW01_SD

CL_ES02_SD

AEC C

AEC H

LAKE
WINDERMERE
CATCHMENT

CAPTAINS
LAGOON

CATCHMENT

MARY CREEK
CATCHMENT

TELEGRAPH
CREEK

CATCHMENT

LAKE
MCKENZIE

CATCHMENT

FLAT ROCK
CREEK

CATCHMENT

MW12

MW018

MW015
MW016MW014

VG_TS01

VG_TS03

VG_TS06

VG_TS02

VG_TS07

CL_MW03

CL_MW02

CL_MW04

CL_MW05
CL_MW02A

CL_MW01
CL_MW01

N:\AU\Sydney\Projects\21\26171\GIS\Maps\Deliverables\21_26171_Z024_SoilSedimentResults.mxd

© 2018. Whilst every care has been taken to prepare this map, GHD, Nearmap and NSW LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

LEGEND

0 150 300 450

Metres

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 56

Department of Defence
Jervis Bay Range Facility & HMAS Creswell
Detailed Site Investigation

Figure 9-17

Job Number
Revision

Captains Lagoon 
PFOS + PFHxS Results for Soil 
and Sediment

o Date

Data source:  Imagery - Nearmap (Imagery Date: 2016/08/14); Streets, Waterways - NSW LPI 2015 DTDB; Contours - NSW LPI 2016.  Created by:mweber
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Figure 9-18
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Revision

Captains Lagoon 
PFOS + PFHxS Results for Surface 
Water and Groundwater

o Date

Data source:  Imagery - Nearmap (Imagery Date: 2016/08/14); Streets, Waterways - NSW LPI 2015 DTDB; Contours - NSW LPI 2016.  Created by:mweber
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9.8.3 Flat Rock Creek 

Soil 

Six primary soil samples collected from monitoring wells installed within the Flat Rock Creek 
catchment (FC_MW01 to FC_MW03) were analysed for PFAS. Results are presented in 
Table J2 and Table J3, Appendix J and summarised in Table 9-67. The sampling locations are 
shown on Figure 9-21. 

Table 9-67 Flat Rock Creek – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum  Maximum  Average* 
PFOS 0.0032 0.391 0.097 
PFOS + PFHxS 0.0044 0.403 0.1 
PFOA <0.0002 0.0012 0.0005 
Sum of PFAS 0.0053 0.407 0.1 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (1 mg/kg). 

Two samples reported PFOS concentrations in excess of the adopted ecological assessment 
level (0.14 mg/kg). Both samples were from FC_MW03, located within AEC C. A summary of 
the exceedances is presented in Table 9-68. 

Table 9-68 Flat Rock Creek – soil PFOS exceeding ecological assessment 
levels 

Location ID Depth (m bgl) Analyte Concentration (mg/kg) 
FC_MW03_0-0.1 0-0.1 PFOS 0.391 
FC_MW03_0.65-0.75 0.65-0.75 PFOS  0.15 
Assessment level 
Yellow shading indicates concentration exceeds the 
ecological based assessment level - (HEPA, 2018) 
interim soil – ecological indirect exposure for 
commercial/industrial land use 

PFOS  0.14 

Groundwater 

Five primary groundwater samples collected from monitoring wells (FC_MW01, FC_MW02, 
FC_MW03, MW001 and MW007) within the Flat Rock Creek catchment were analysed for 
PFAS. One primary groundwater sample was collected following a wet weather event 
(FC_MW01) however concentrations of PFAS were below the LOR, and therefore this sample 
has been excluded from Table 9-69. Results are presented in Table J15, Table J16, and 
Table J17, Appendix J and summarised in Table 9-69. 

Table 9-69 Flat Rock Creek – summary of PFAS groundwater analysis 
(µg/L) 

Analyte  Minimum Maximum Average* 
PFOS 0.0013 0.198 0.091 
PFOS + PFHxS 0.0041 0.526 0.21 
PFOA <0.0005 0.013 0.0053 
Sum of PFAS 0.0041 0.657 0.26 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 
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No samples reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.7 µg/L). The sampling locations and results are shown on 
Figure 9-16 and Figure 9-22. 

As groundwater is understood to not be abstracted at the site for any purpose, exceedances of 
drinking water and/or ecological assessment levels are not reported here as these pathways are 
not considered to be complete. For transparency, it is noted that screening using these 
assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. 

Sediment 

Fifteen primary sediment samples (FC_ES01, FC_ES02, FC_SD01 to FC_SD04, FC_SD06 to 
FC_SD11, FC_SD13 to FC_SD15) collected from Flat Rock Creek were analysed for PFAS. 
Results are presented in Table J8, Appendix J and summarised in Table 9-70. The sampling 
locations and results are shown on Figure 9-21. 

Table 9-70 Flat Rock Creek – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.0198 0.0043 
PFOS + PFHxS <0.0002 0.0232 0.0048 
PFOA <0.0002 0.0004 0.00013 
Sum of PFAS <0.0002 0.0248 0.005 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional six primary sediment samples collected from Flat Rock Creek following a wet 
weather event (from locations FC_SD01, FC_SD02, FC_SD04, FC_SD14) were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-71. 

Table 9-71 Flat Rock Creek – summary of PFAS sediment analysis – wet 
weather (mg/kg) 

Analyte Minimum Maximum  Average * 
PFOS <0.0002 0.0013 0.0005 
PFOS + PFHxS <0.0002 0.0017 0.0006 
PFOA <0.0002 <0.0002 0.0001 
Sum of PFAS <0.0002 0.0017 0.0006 
Note: 
* The higher of primary and duplicate results used to calculate averages; where results were less than LOR, half 

LOR was used to calculate averages. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 

Surface water 

Sixteen primary surface water samples collected from Flat Rock Creek (from locations 
FC_ES01, FC_SW02, FC_SW01 to FC_SW11, FC_SW14, and FC_SW15) were analysed for 
PFAS. Results are presented in Table J11, Table J12, and Table J13, Appendix J and 
summarised in Table 9-72. The sampling locations and results are shown on Figure 9-22. 
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Table 9-72 Flat Rock Creek – summary of PFAS surface water analysis 
(µg/L) 

Analyte Minimum  Maximum Average * 
PFOS 0.0005 0.13 0.065 
PFOS + PFHxS 0.0005 0.28 0.12 
PFOA <0.0005 <0.05 0.0042 
Sum of PFAS 0.0005 0.33 0.14 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional five primary surface water samples collected from Flat Rock Creek (at locations 
FC_SW01, FC_SW02, FC_SW04 and FC_SW14) following a wet weather event were analysed 
for PFAS. Results are presented in Table J11, Table J12, and Table J13, Appendix J and 
summarised in Table 9-73. 

Table 9-73 Flat Rock Creek – summary of PFAS surface water analysis – 
wet weather (µg/L) 

Analyte Minimum Maximum  Average * 
PFOS 0.0084 0.1 0.037 
PFOS + PFHxS 0.0284 0.26 0.11 
PFOA <0.0005 <0.01 0.0014 
Sum of PFAS 0.0349 0.26 0.12 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

One sample location during both the dry and wet weather events reported PFOS + PFHxS 
concentrations in excess of the adopted human health based assessment level as summarised 
in Table 9-74. The sampling locations and results are shown on Figure 9-22. 

Table 9-74 Flat Rock Creek – PFAS exceeding surface water human 
health based assessment levels 

Location ID Analyte Concentration (µg/L) 
FC_SW05 PFOS + PFHxS 0.109 
FC_SW05^† PFOS + PFHxS 0.26 
Assessment levels 
Bold indicates concentration exceeds the 
human health based assessment level drinking 
water (HEPA, 2018) 

PFOS + PFHxS 0.07 

Notes: 
^ Result from duplicate sample adopted as a conservative measure. 
† Wet weather sample from 30 April 2018. 

No surface water samples reported PFOS concentrations in excess of the adopted ecological 
based assessment level (0.13 µg/L). 

Biota 

60 primary biota samples collected from within Flat Rock Creek (at locations FC_ES01 and 
FC_ES02) were analysed for PFAS. Results are presented in Table J18 and Table J19, 
Appendix J and summarised in Table 9-75. 
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Table 9-75 Flat Rock Creek – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of 
PFAS 

Number of 
samples 
exceeding human 
health 
assessment levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Bream, fillet 10 0 0 0 
Dusky Flathead, fillet 1 0 0 0 
Macrophyte 5 0 NC 0 
Mullet, fillet 5 0 0 0 
Mullet, whole 5 5 NC 5 
Oyster 5 1 0 0 
Seaweed 5 0 NC 0 
Whelk, whole 6 6 5 6 
Whitebait 10 10 6 4 
Yabby 8 8 NC 5 
Note: 
NC No screening criteria. 

Eleven samples reported PFAS concentrations in excess of the adopted human health 
assessment levels as summarised in Table 9-76. The sampling locations and results are shown 
on Figure 9-19. 

Table 9-76 Flat Rock Creek – PFAS exceeding human health assessment 
levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)^ 

FC_ES02_IM011_180222 Whelk, whole PFOS + PFHxS 0.332 
FC_ES01_IM001_180222 Whelk, whole PFOS + PFHxS 0.136 
FC_ES01_IM003_180222 Whelk, whole PFOS + PFHxS 0.151 
FC_ES01_IM004_180222^ Whelk, whole PFOS + PFHxS 0.353 
FC_ES01_IM005_180222 Whelk, whole PFOS + PFHxS 0.173 
FC_ES01_VM001_180219 Whitebait, whole PFOS + PFHxS 0.007 
FC_ES01_VM002_180220 Whitebait, whole PFOS + PFHxS 0.014 
FC_ES01_VM003_180220 Whitebait, whole PFOS + PFHxS 0.018 
FC_ES01_VM004_180220 Whitebait, whole PFOS + PFHxS 0.014 
FC_ES01_VM005_180220 Whitebait, whole PFOS + PFHxS 0.01 
FC_ES02_VM007_180221 Whitebait, whole PFOS + PFHxS 0.006 
Assessment levels 
Blue shading indicates concentration exceeds the 
FSANZ 2017 Crustacean Trigger Point 

PFOS + 
PFHxS 

0.065 

Purple shading indicates concentration exceeds the 
FSANZ 2017 Finfish Trigger Point 

PFOS + 
PFHxS 

0.0052 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 

Twenty samples reported PFAS concentrations in excess of the adopted ecological assessment 
levels as summarised in Table 9-77. The sampling locations and results are shown on 
Figure 9-20. Generally, it was assumed that all biota could be consumed by an avian receptor, 
while generally, terrestrial biota only was considered relevant to the mammalian diet within the 
Investigation Area. 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 199 

Table 9-77 Flat Rock Creek – PFAS exceeding ecological assessment 
levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)^  

FC_ES01_VM001_180223 Mullet, whole PFOS + PFHxS 0.111 
FC_ES01_VM002_180223 Mullet, whole PFOS + PFHxS 0.047 
FC_ES01_VM003_180223 Mullet, whole PFOS + PFHxS 0.069 
FC_ES01_VM004_180223 Mullet, whole PFOS + PFHxS 0.051 
FC_ES01_VM005_180223 Mullet, whole PFOS + PFHxS 0.038 
FC_ES02_IM011_180222 Whelk, whole PFOS + PFHxS 0.332 
FC_ES01_IM001_180222 Whelk, whole PFOS + PFHxS 0.136 
FC_ES01_IM002_180222 Whelk, whole PFOS + PFHxS 0.022 
FC_ES01_IM003_180222 Whelk, whole PFOS + PFHxS 0.151 
FC_ES01_IM004_180222^ Whelk, whole PFOS + PFHxS 0.353 
FC_ES01_IM005_180222 Whelk, whole PFOS + PFHxS 0.173 
FC_ES01_VM002_180220 Whitebait, whole PFOS + PFHxS 0.014 
FC_ES01_VM003_180220 Whitebait, whole PFOS + PFHxS 0.018 
FC_ES01_VM004_180220 Whitebait, whole PFOS + PFHxS 0.014 
FC_ES01_VM005_180220 Whitebait, whole PFOS + PFHxS 0.01 
FC_ES01_IM015_180221 Yabby, whole PFOS + PFHxS 0.015 
FC_ES01_IM016_180221 Yabby, whole PFOS + PFHxS 0.01 
FC_ES01_IM017_180221 Yabby, whole PFOS + PFHxS 0.017 
FC_ES01_IM018_180221 Yabby, whole PFOS + PFHxS 0.013 
FC_ES01_IM019_180221 Yabby, whole PFOS + PFHxS 0.017 
Assessment levels 
Blue font indicates concentration exceeds the NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Avian 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds 
NEMP 2018 Interim Ecological Direct Exposure 
Wildlife Diet - Mammalian 

PFOS + PFHxS 0.0046 

Note: 
^ Result from duplicate sample adopted as a conservative measure, 
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9.8.4 Mary Creek 

Soil 

Nine primary soil samples collected from the Mary Creek catchment (from MC_MW01 to 
MC_MW04) were analysed for PFAS. Results are presented in Table J2 and Table J3, 
Appendix J and summarised in Table 9-78. The sampling locations and results are shown on 
Figure 9-23and Figure 9-31. 

Table 9-78 Mary Creek – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.0033 0.001 
PFOS + PFHxS <0.0002 0.0041 0.0011 
PFOA <0.0002 <0.0005 <0.0005 
Sum of PFAS <0.0002 0.0041 0.0011 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (1 mg/kg). 

No soil samples reported PFOS concentrations in excess of the adopted ecological assessment 
level (0.01 mg/kg, indirect exposure). 

Groundwater 

Six primary groundwater samples collected from monitoring wells within the Mary Creek 
catchment during dry weather (MC_MW02, MC_MW03, MC_MW04, MW021, MW022, and 
MW024) were analysed for PFAS. Two additional primary groundwater samples collected 
during a wet weather event (MC_MW02 and MC_MW04) were also analysed however PFAS 
concentrations in the samples were below the LOR and therefore, these samples are not 
included in Table 9-79. Results are presented in Table J15, Table J16 and Table J17, Appendix 
J and summarised in Table 9-79. The sampling locations and results are shown on Figure 9-24, 
Figure 9-32, and Figure 9-34. 

Table 9-79 Mary Creek – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum (µg/L) Maximum (µg/L)  Average (µg/L)* 
PFOS <0.0003 1.21 0.2 
PFOS + PFHxS <0.0003 2.76 0.47 
PFOA <0.0005 0.105 0.018 
Sum of PFAS <0.0003 3.36 0.57 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

One sample (MW022) reported PFOS + PFHxS and PFOS concentrations (2.76 µg/L) in excess 
of the adopted human health based assessment level (0.7 µg/L). As groundwater is understood 
to not be abstracted at the site for any purpose, exceedances of drinking water and/or 
ecological assessment levels are not reported here as these pathways are not considered to be 
complete. For transparency, it is noted that screening against these assessment levels has 
been undertaken within Table J16 and Table J17 in Appendix J. 
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Sediment 

Fifteen primary sediment samples collected from Mary Creek (at locations MC_ES01, 
MC_FW01, MC_SD01 to MC_SD04, MC_SD06, MC_SD08 to SMC_SD10) were analysed for 
PFAS. Results are presented in Table J8, Appendix J and summarised in Table 9-80. The 
sampling locations and results are shown on Figure 9-23. 

Table 9-80 Mary Creek – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum Maximum Average* 
PFOS <0.0002 0.0703 0.0087 
PFOS + PFHxS <0.0002 0.089 0.012 
PFOA <0.0002 0.0053 0.00081 
Sum of PFAS^ <0.0002 0.109 0.015 
Notes: 
^ Not all PFAS analytes were analysed in all sediment samples. 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional two primary sediment samples (from MC_SD01 and MC_SD03) collected 
following a wet weather event were analysed for PFAS. Results are presented in Table J8, 
Appendix J and summarised in Table 9-81. 

Table 9-81 Mary Creek – summary of PFAS sediment analysis – wet 
weather (mg/kg) 

Analyte Minimum Maximum Average 
PFOS <0.0002 0.0011 0.0006 
PFOS + PFHxS <0.0002 0.0016 0.0009 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS <0.0002 0.0016 0.0009 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 
 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 

Surface water 

Ten primary surface water samples collected from Mary Creek (from locations MC_ES01, 
MC_FW01, MC_SW01 to MC_SW04, MC_SW06, MC_SW09, and MC_SW10) were analysed 
for PFAS. Results are presented in Table J11, Table J12, and Table J13, Appendix J and 
summarised in Table 9-82. The sampling locations and results are shown on Figure 9-24, 
Figure 9-32, and Figure 9-34. 

Table 9-82 Mary Creek – summary of PFAS surface water analysis (µg/L) 

Analyte Minimum  Maximum  Average * 
PFOS 0.0005 0.902 0.31 
PFOS + PFHxS 0.0005 1.69 0.57 
PFOA <0.0005 0.0006 0.0078 
Sum of PFAS 0.0005 1.9 0.63 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

An additional four primary surface water samples collected from Mary Creek following a wet 
weather event (MC_SW01 to MC_SW03 and MC_SW11) were analysed for PFAS. Results are 
presented in Table J11, Table J12, and Table J13, Appendix J and summarised in Table 9-83. 
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Table 9-83 Mary Creek – summary of PFAS surface water analysis – wet 
weather (µg/L) 

Analyte Minimum  Maximum  Average * 
PFOS 0.0072 2.36 1.4 
PFOS + PFHxS 0.0152 6.59 3.9 
PFOA <0.002 0.135 0.08 
Sum of PFAS 0.0152 7.66 4.5 
Note: 
* Where results were less than LOR, half LOR was used to calculate averages. 

Four samples collected during dry weather and three samples collected during wet weather 
reported PFOS + PFHxS concentrations in excess of the adopted human health based 
assessment levels as summarised in Table 9-84. The sampling locations and results are shown 
on Figure 9-24, Figure 9-32, and Figure 9-34. 

Table 9-84 Mary Creek – PFAS exceeding surface water human health 
based assessment levels 

Location ID Analyte Concentration (µg/L) 
MC_ES01 PFOS + PFHxS 1.29 
MC_SW01 PFOS + PFHxS 1.69 
MC_SW01 † PFOS + PFHxS 4.43 
MC_SW02 PFOS + PFHxS 1.01 
MC_SW02 † PFOS + PFHxS 4.43 
MC_SW10 PFOS + PFHxS 1.56 
MC_SW11 † PFOS + PFHxS 6.59 
Assessment levels 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Bolding indicates concentration exceeds the 
human health based assessment level for 
drinking water (HEPA, 2018). Samples were 
only screened against the drinking water criteria 
when TDS was less than 1,200 mg/L, given that 
it is considered that concentrations in excess of 
this value are prohibitively unpalatable. 

PFOS + PFHxS 0.07 

Note: 
† Wet weather sample from 30 April and 1 May 2018 

Four samples collected during dry weather and three samples collected during wet weather 
reported PFOS concentrations in excess of the adopted ecological assessment level as 
summarised in Table 9-85. The sampling locations and results are shown on Figure 9-24, 
Figure 9-32, and Figure 9-34. 

Table 9-85 Mary Creek – PFAS exceeding surface water ecological 
assessment levels 

Location ID Analyte Concentration (µg/L) 
MC_ES01 PFOS  0.7 
MC_SW01 PFOS  0.886 
MC_SW01 † PFOS  1.6 
MC_SW02 PFOS  0.562 
MC_SW02 † PFOS  1.48 
MC_SW10 PFOS  0.902 
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Location ID Analyte Concentration (µg/L) 
MC_SW11 † PFOS 2.36 
Assessment levels 
Black shading indicates concentration exceeds the 
ecological assessment level - NEMP (2018) 
Freshwater 95% and Interim Marine 95% 

PFOS 0.13 

Note: 
† Wet weather sample from 30 April and 1 May 2018. 

Biota 

One hundred and nineteen primary biota samples collected from within Mary Creek (from 
locations MC_ES01, MC_FW02 and MC_TS01) were analysed for PFAS. Results are 
presented in Table J18 and Table J19, Appendix J and summarised in Table 9-86. 

Table 9-86 Mary Creek – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding 
human health 
assessment 
levels 

Number of samples 
exceeding 
ecological 
assessment levels 

Ant 5 5 NC 0 
Beach Worm 5 5 NC 5 
Cissus hypoglauca 5 0 0 0 
Flying insect 5 2 NC 1 
Galaxia 5 5 NC 5 
Gudgeon 10 10 NC 10 
Leech 4 3 NC 2 
Lomandra longifolia 5 0 0 0 
Macrophyte 10 4 NC 2 
Millipede 5 5 NC 5 
Moss from boulders 5 5 NC* 5 
Mullet, whole 5 5 NC 5 
Poaceae 5 0 NC 0 
Prawn, tail 2 2 1 2 
Pteridium 
esculentum 

5 0 NC 0 

Smelt 3 3 NC 3 
Spider 2 2 NC 2 
Spiny Crayfish, tail 5 5 3 5 
Spiny Crayfish, 
whole 

5 5 NC 5 

Temnocephalida 5 2 NC 0 
Terrestrial Beetle 4 4 NC 2 
Tree Fern 5 5 NC 4 
Whitebait, whole 4 4 4 4 
Worm 5 5 NC 3 
Notes: 
NC No screening criteria. 
* No human health assessment level exists for mosses, however samples will be forwarded onto the HHRA for

consideration, given the known use of mosses for medicinal purposes by the community.
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Eight samples reported PFAS concentrations in excess of the adopted human health based 
assessment levels as summarised in Table 9-87. The sampling locations and results are shown 
on Figure 9-25. 

Table 9-87 Mary Creek – PFAS exceeding human health assessment levels 
for biota 

Sample ID Biota Analyte Concentration 
(mg/kg) 

MC_ES01_IM001_180320 Prawn PFOS + PFHxS 0.255 
MC_FW02_IM001_180325^ Spiny Crayfish PFOS + PFHxS 0.184 
MC_FW02_IM002_180325^ Spiny Crayfish PFOS + PFHxS 0.339 
MC_FW02_IM003_180325^ Spiny Crayfish PFOS + PFHxS 1.07 
MC_ES01_VM001_180320 Whitebait PFOS + PFHxS 0.648 
MC_ES01_VM002_180320 Whitebait PFOS + PFHxS 0.502 
MC_ES01_VM003_180320 Whitebait PFOS + PFHxS 0.515 
MC_ES01_VM004_180320 Whitebait PFOS + PFHxS 0.779 
Assessment levels 
Blue shading indicates concentration exceeds the 
FSANZ 2017 Crustacean Trigger Point 

PFOS + PFHxS 0.065 

Purple shading indicates concentration exceeds the 
FSANZ 2017 Finfish Trigger Point 

PFOS + PFHxS 0.0052 

Note: 
^ Result from duplicate sample adopted as a conservative measure 

Seventy samples reported PFAS concentrations in excess of the adopted ecological 
assessment levels as summarised in Table 9-88. The sampling locations and results are shown 
on Figure 9-26. Generally, it was assumed that all biota could be consumed by an avian 
receptor, while generally, terrestrial biota only was considered relevant to the mammalian diet 
within the Investigation Area. 

Table 9-88 Mary Creek – PFAS exceeding ecological assessment levels 
for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)^  

MC_ES01_IM006_180320 Beach worm PFOS + PFHxS 0.226 
MC_ES01_IM007_180320 Beach worm PFOS + PFHxS 0.054 
MC_ES01_IM008_180320 Beach worm PFOS + PFHxS 0.073 
MC_ES01_IM009_180320 Beach worm PFOS + PFHxS 0.04 
MC_ES01_IM010_180320 Beach worm PFOS + PFHxS 0.235 
MC_TS01_I002_180326 Flying insect PFOS + PFHxS 0.007 
MC_FW02_VM011_180327 Galaxia, whole PFOS + PFHxS 0.7 
MC_FW02_VM012_180327 Galaxia, whole PFOS + PFHxS 0.954 
MC_FW02_VM013_180327 Galaxia, whole PFOS + PFHxS 0.48 
MC_FW02_VM014_180327 Galaxia, whole PFOS + PFHxS 0.966 
MC_FW02_VM015_180327 Galaxia, whole PFOS + PFHxS 1.203 
MC_ES01_VM006_180320 Gudgeon, whole PFOS + PFHxS 0.337 
MC_ES01_VM007_180320 Gudgeon, whole PFOS + PFHxS 0.199 
MC_ES01_VM008_180320 Gudgeon, whole PFOS + PFHxS 0.41 
MC_ES01_VM009_180320 Gudgeon, whole PFOS + PFHxS 0.703 
MC_ES01_VM010_180320 Gudgeon, whole PFOS + PFHxS 0.544 
MC_FW02_VM001_180325 Gudgeon, whole PFOS + PFHxS 0.357 
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Sample ID Biota Analyte Concentration 
(mg/kg)^  

MC_FW02_VM002_180327 Gudgeon, whole PFOS + PFHxS 0.449 
MC_FW02_VM003_180327 Gudgeon, whole PFOS + PFHxS 0.51 
MC_FW02_VM004_180327 Gudgeon, whole PFOS + PFHxS 0.631 
MC_FW02_VM005_180327 Gudgeon, whole PFOS + PFHxS 0.654 
MC_TS01_I015_180327 Leech PFOS + PFHxS 0.015 
MC_TS01_I017_180327 Leech PFOS + PFHxS 0.019 
MC_ES01_P001_180321 Macrophyte, plant PFOS + PFHxS 0.018 
MC_ES01_P004_180321 Macrophyte, plant PFOS + PFHxS 0.006 
MC_TS01_I006_180326 Millipede PFOS + PFHxS 0.01 
MC_TS01_I024_180327 Millipede PFOS + PFHxS 0.053 
MC_TS01_I025_180327 Millipede PFOS + PFHxS 0.056 
MC_TS01_I029_180328 Millipede PFOS + PFHxS 0.075 
MC_TS01_I030_180328 Millipede PFOS + PFHxS 0.032 
MC_FW02_P001_180327 Moss from boulders PFOS + PFHxS 0.033 
MC_FW02_P002_180327 Moss from boulders PFOS + PFHxS 0.037 
MC_FW02_P003_180327 Moss from boulders PFOS + PFHxS 0.056 
MC_FW02_P004_180327 Moss from boulders PFOS + PFHxS 0.039 
MC_FW02_P005_180327 Moss from boulders PFOS + PFHxS 0.085 
MC_ES01_VM011_180320 Mullet, whole PFOS + PFHxS 0.349 
MC_ES01_VM012_180320 Mullet, whole PFOS + PFHxS 0.79 
MC_ES01_VM013_180320 Mullet, whole PFOS + PFHxS 0.35 
MC_ES01_VM014_180320 ^ Mullet, whole PFOS + PFHxS 0.383 
MC_ES01_VM015_180320 Mullet, whole PFOS + PFHxS 0.246 
MC_ES01_IM001_180320 Prawn, tail PFOS + PFHxS 0.255 
MC_ES01_IM002_180320 Prawn, tail PFOS + PFHxS 0.021 
MC_FW02_VM006_180327 Smelt, whole PFOS + PFHxS 1.949 
MC_FW02_VM007_180327 Smelt, whole PFOS + PFHxS 1.022 
MC_FW02_VM008_180327 Smelt, whole PFOS + PFHxS 0.958 
MC_TS01_I009_180326 Spider PFOS + PFHxS 0.083 
MC_TS01_I011_180326 Spider PFOS + PFHxS 0.071 
MC_FW02_IM001_180325^ Spiny Crayfish, Tail PFOS + PFHxS 0.184 
MC_FW02_IM002_180325^ Spiny Crayfish, Tail PFOS + PFHxS 0.339 
MC_FW02_IM003_180325^ Spiny Crayfish, Tail PFOS + PFHxS 1.07 
MC_FW02_IM004_180327^ Spiny Crayfish, Tail PFOS + PFHxS 0.058 
MC_FW02_IM005_180327 ^ Spiny Crayfish, Tail PFOS + PFHxS 0.021 
MC_FW02_IM001_W_180325 
^ 

Spiny Crayfish, Whole PFOS + PFHxS 0.124 

MC_FW02_IM002_W_180325 Spiny Crayfish, Whole PFOS + PFHxS 0.096 
MC_FW02_IM003_W_180325 Spiny Crayfish, Whole PFOS + PFHxS 0.223 
MC_FW02_IM004_W_180325 Spiny Crayfish, Whole PFOS + PFHxS 0.122 
MC_FW02_IM005_W_180327 Spiny Crayfish, Whole PFOS + PFHxS 0.045 
MC_TS01_I005_180326 Beetle PFOS + PFHxS 0.01 
MC_TS01_I020_180327 Beetle PFOS + PFHxS 0.095 
MC_FW02_P006_180327 Tree Fern PFOS + PFHxS 0.01 
MC_FW02_P008_180327 Tree Fern PFOS + PFHxS 0.005 
MC_FW02_P009_180327 Tree Fern PFOS + PFHxS 0.005 
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Sample ID Biota Analyte Concentration 
(mg/kg)^  

MC_FW02_P010_180327 Tree Fern PFOS + PFHxS 0.01 
MC_ES01_VM001_180320 Whitebait, Whole PFOS + PFHxS 0.648 
MC_ES01_VM002_180320 Whitebait, Whole PFOS + PFHxS 0.502 
MC_ES01_VM003_180320 Whitebait, Whole PFOS + PFHxS 0.515 
MC_ES01_VM004_180320 Whitebait, Whole PFOS + PFHxS 0.779 
MC_TS01_I021_180327 Worm PFOS + PFHxS 0.032 
MC_TS01_I022_180327 Worm PFOS + PFHxS 0.052 
MC_TS01_I023_180327 Worm PFOS + PFHxS 0.011 
Assessment levels 
Blue font indicates concentration exceeds the NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Avian 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Mammalian 

PFOS + PFHxS 0.0046 

Note: 
^ Result from duplicate sample adopted as a conservative measure 
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PFOS + PFHxS Results for Soil 
and Sediment
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Mary, Summercloud and Unnamed Creeks 
PFOS + PFHxS Results for Surface 
Water and Groundwater
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9.8.5 Summercloud Creek 

Soil and groundwater 

There were no existing or new groundwater wells installed at Summercloud Creek as part of this 
investigation, and as such no soil or groundwater was collected. 

Sediment 

Four primary sediment samples collected from Summercloud Creek (SC_ES01, SC_SD01, 
SC_SD02, SC_SD04) were analysed for PFAS. All samples had PFAS below the LOR, with the 
results presented in Table J8, Appendix J and sampling locations and results shown on 
Figure 9-23 and Figure 9-32. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level. 

Surface water 

Four primary surface water samples collected from Summercloud Creek (SC_SW01 to 
SC-SW03 and SC_ES01) were analysed for PFAS. Results are presented in Table J11, 
Table J12 and Table J13, Appendix J and summarised in Table 9-89. The sampling locations 
and results are shown on Figure 9-24. 

Table 9-89 Summercloud Creek – summary of PFAS surface water 
analysis (µg/L) 

Analyte Minimum Maximum  Average* 
PFOS 0.0005 <0.01 0.0027 
PFOS + PFHxS 0.0005 <0.01 0.003 
PFOA <0.0005 <0.01 <0.01 
Sum of PFAS 0.0005 <0.01 0.003 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the 

LOR, half the LOR was used to calculate averages. 

No surface water samples reported PFAS concentrations in excess of the adopted human 
health (0.07 µg/L and 0.7 µg/L PFOS + PFHxS) and ecological (0.13 µg/L PFOS) based 
assessment levels. 

Biota 

One hundred and ten primary biota samples collected from the Summercloud Creek catchment 
(SC_ES01, SC_FW01 and SC_TS01) were analysed for PFAS. Results are presented in 
Table J18 and Table J19, Appendix J and summarised in Table 9-90. 

Table 9-90 Summercloud Creek – summary of biota sample numbers 

Biota Number of 
primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of samples 
exceeding human 
health assessment 
levels 

Number of samples 
exceeding ecological 
assessment levels 

Ant 4 0 NC 0 
Beach Worm 5 0 NC 0 
Bivalve 5 0 0 0 
Bream, fillet 5 3 2 1 
Bream, whole 5 0 NC 0 
Earthworm 5 3 NC 0 
Fern 5 0 NC 0 
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Biota Number of 
primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of samples 
exceeding human 
health assessment 
levels 

Number of samples 
exceeding ecological 
assessment levels 

Galaxia 5 5 NC 1 
Gerridae 5 5 NC 0 
Gudgeon 5 4 NC 0 
Macrophyte 10 0 NC 0 
Millipede 2 2 NC 1 
Moss on logs 5 0 NC * 0 
Mud Crab, Claw 5 0 0 0 
Mullet, fillet 5 0 0 0 
Myriapod 4 3 NC 0 
Prawn, tail 4 0 0 0 
Spider 2 2 NC 1 
Spiny Crayfish, tail 5 2 0 0 
Temnocephalida 5 1 NC 0 
Terrestrial Beetle 4 1 NC 0 
Whitebait (whole) 5 3 0 0 
Yabby (whole) 5 3 NC 0 
Notes: 
NC No screening criteria. 
* No human health assessment level exists for mosses, however samples will be forwarded onto the HHRA for 

consideration, given the known use of mosses for medicinal purposes by the community. 

Two samples reported PFAS concentrations in excess of the adopted human health based 
assessment levels as summarised in Table 9-91. The sampling locations and results are shown 
on Figure 9-25. 

Table 9-91 Summercloud Creek – PFAS exceeding human health based 
assessment levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)  

SC_ES01_VM002_180325 Bream (fillet) PFOS + PFHxS 0.006 
SC_ES01_VM005_180325 Bream (fillet) PFOS + PFHxS 0.01 
Assessment levels 
Purple shading indicates concentration exceeds the 
FSANZ 2017 Finfish Trigger Point 

PFOS + PFHxS 0.0052 

Four samples reported PFAS concentrations in excess of the adopted ecological assessment 
levels as summarised in Table 9-92. The sampling locations and results are shown on 
Figure 9-26. Generally, it was assumed that all biota could be consumed by an avian receptor, 
while generally, terrestrial biota only was considered relevant to the mammalian diet within the 
Investigation Area.  
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Table 9-92 Summercloud Creek – PFAS exceeding ecological assessment 
levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg) 

SC_ES01_VM005_180325 Bream (fillet) PFOS + PFHxS 0.01 
SC_TS01_I024_180417^ Millipede PFOS + PFHxS 0.0057 
SC_FW01_VM001_180406 Galaxia PFOS + PFHxS 0.01 
SC_TS01_I018_180417 Spider PFOS + PFHxS 0.006 
Assessment levels 
Blue font indicates concentration exceeds the NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Avian 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Mammalian 

PFOS + PFHxS 0.0046 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 

9.8.6 Telegraph Creek 

Soil 

One primary soil sample collected from the Telegraph Creek catchment (TC_MW01) was 
analysed for PFAS. PFOS was the only PFAS present in the sample, at a concentration of 
0.0004 mg/kg, which is less than the adopted human health (1 mg/kg) and ecological 
(0.01 mg/kg) based assessment levels. Results are presented in Table J2 and Table J3, 
Appendix J. The sampling locations and results are shown on Figure 9-27. 

Groundwater 

One primary groundwater sample collected from the Telegraph Creek (TC_MW01) catchment 
was analysed for PFAS. PFOS was the only PFAS present in the sample, at a concentration of 
0.0004 µg/L, which is less than the adopted human health (0.7 µg/L) and ecological (0.13 µg/L) 
based assessment levels. Results are presented in Table J15, Table J16, and Table J17, 
Appendix J. The sampling locations and results are shown on Figure 9-28. 

Sediment 

Twelve primary sediment samples collected from Telegraph Creek (at locations TC_SD01 to 
TC_SD11) were analysed for PFAS. Results are presented in Table J8, Appendix J and 
summarised in Table 9-93. The sampling locations and results are shown on Figure 9-27. 

Table 9-93 Telegraph Creek – summary of PFAS sediment analysis (mg/kg) 

Analyte Minimum Maximum Average* 
PFOS <0.0002 0.0045 0.0008 
PFOS + PFHxS <0.0002 0.0045 0.0008 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS^ <0.0002 0.0084 0.0013 
Notes: 
^ Not all PFAS analytes were analysed in all sediment samples 
* Where results were less than the LOR, half the LOR was used to calculate averages.

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 
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Surface water 

Six primary surface water samples collected from Telegraph Creek (TC_SW01, TC_SW05 to 
TC_SW07, TC_SW10 and TC_SW11) were analysed for PFAS. Results are presented in 
Table J11, Table J12 and Table J13, Appendix J and summarised in Table 9-94. The sampling 
locations and results are shown on Figure 9-28. 

Table 9-94 Telegraph Creek – summary of PFAS surface water analysis 
(µg/L) 

Analyte Minimum Maximum  Average* 
PFOS <0.0003 0.0199 0.004 
PFOS + PFHxS <0.0003 0.04 0.0079 
PFOA <0.0005 0.0005 0.0003 
Sum of PFAS* <0.0003 0.0438 0.0085 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

No surface water samples reported PFAS concentrations in excess of the adopted human 
health (0.07 µg/L at non-saline locations, and 0.7 µg/L at all locations) and ecological based 
assessment levels (0.13 µg/L).   
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9.8.7 Lakes (Windermere & McKenzie) 

Soil 

Four primary soil samples (LM_MW01, LM_MW02, LM_TS01 and LW_MW01) from the western 
lake catchments were analysed for PFAS. Results are presented in Table J2 and Table J3 in 
Appendix J and summarised in Table 9-95. The sampling locations and results are shown on 
Figure 9-29. 

Table 9-95 Lakes – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.002 0.0006 
PFOS + PFHxS <0.0002 0.0029 0.0009 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS <0.0002 0.0031 0.0009 
Note: 

* The higher of primary and duplicate results were used to calculate averages. Where results were less than the 
LOR, half the LOR was used to calculate averages. 

No soil samples reported PFAS concentrations in excess of the adopted human health 
(1 mg/kg) or ecological based assessment levels (0.01 mg/kg). 

Groundwater 

Four primary groundwater samples collected from groundwater monitoring wells (LM_MW01, 
LM_MW02, LW_MW01 and MW020) installed in the western lakes catchment were analysed for 
PFAS. Results are presented in Table J15, Table J16, and Table J17, Appendix J and 
summarised in Table 9-96. The sampling locations and results are shown on Figure 9-30. 

Table 9-96 Lakes – summary of PFAS groundwater analysis (µg/L) 

Analyte Minimum Maximum  Average * 
PFOS 0.0012 0.0028 0.002 
PFOS + PFHxS 0.0032 0.0243 0.0089 
PFOA <0.0005 <0.0005 <0.0005 
Sum of PFAS 0.0032 0.0319 0.011 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

An additional three primary groundwater samples collected in the western lakes catchment 
following a wet weather event (LM_MW01, LM_MW02 and LW_MW01) were analysed for 
PFAS. Results are presented in Table J15, Table J16 and Table J17, Appendix J and 
summarised in Table 9-97. The sampling locations and results are shown on Figure 9-30. 

Table 9-97 Lakes – summary of PFAS groundwater analysis – wet weather 
(µg/L) 

Analyte Minimum  Maximum Average* 
PFOS <0.01 1.09 0.37 
PFOS + PFHxS <0.01 1.81 0.61 
PFOA <0.01 0.03 0.013 
Sum of PFAS <0.01 2.14 0.72 
Note: 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

One sample reported PFOS + PFHxS concentrations in excess of the adopted human health 
(0.7 µg/L) based assessment level as summarised in Table 9-98. The sample location and 
results are shown on Figure 9-30. 
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Table 9-98 Lakes – PFAS in groundwater exceeding groundwater human 
health based assessment levels 

Location ID Analyte Concentration (µg/L) 
LM_MW01 † PFOS + PFHxS 1.81 
Assessment levels 
Orange shading indicates concentration 
exceeds the human health based assessment 
level (HEPA, 2018) - recreational water 

PFOS + PFHxS 0.7 

Note: 
† Wet weather sample from 3 May 2018. 

As groundwater is not abstracted at the site for any purpose, exceedances of drinking water 
and/or ecological assessment levels are not reported here as these pathways are not 
considered to be complete. For transparency, it is noted however that screening data using 
these assessment levels has been undertaken within Table J16 and Table J17 in Appendix J. 

Groundwater samples for the deep wells – which may be hydraulically connected to Lake 
Windermere and Lake McKenzie – were found to have PFOS + PFHxS concentrations less than 
the adopted human health assessment level for drinking water (0.07 µg/L).  

Sediment 

Seven primary sediment samples (one during dry weather and six during wet weather) collected 
from Lake McKenzie and Lake Windermere (LM_FW01, LM_SD01 to LM_SD03, LW_SD01 to 
LW_SD03) were analysed for PFAS. PFAS was not recorded above the LOR in any sample. 
Results are presented in Table J8, Appendix J and sampling locations and results are shown on 
Figure 9-29. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health or ecological based assessment level (0.22 mg/kg). 

Surface water 

Sixteen primary surface water samples collected from the Lake McKenzie and Lake 
Windermere catchments (at locations LM_FW01, LM_SW01 to LM_SW04, LW_SW01 to 
LW_SW03, LW_SW05) were analysed for PFAS. All PFAS results were at least 40 times less 
than the drinking water criterion of 0.07 µg/L – the key use of the water in the lakes. Results are 
presented in Table J11, Table J12, and Table J13, Appendix J. The sampling locations and 
results are shown on Figure 9-30. 

An additional six primary surface water samples collected following a wet weather event from 
Lake McKenzie (LM_SW01 to LM_SW03) and Lake Windermere (LW_SW01 to LW_SW03) 
catchments were analysed for PFAS. PFAS was not recorded above the LOR (0.01 µg/L) in any 
sample collected during wet weather. Results are presented in Table J11, Table J12, and 
Table J13, Appendix J. The sampling locations and results are shown on Figure 9-30. 

No surface water samples from the lakes reported PFAS concentrations in excess of the 
adopted human health or ecological based assessment levels (0.07 µg/L) at any point. 

Biota 

Seventy one primary biota samples collected from within the Lake McKenzie and Lake 
Windermere catchment (LM_TS01 and LM_FW01) were analysed for PFAS. Results are 
presented in Table J18 and Table J19, Appendix J and summarised in Table 9-99. 
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Table 9-99 Lake McKenzie – summary of biota sample numbers 

Biotae Number of 
primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of 
PFAS 

Number of 
samples 
exceeding human 
health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment 
levels 

Ant 5 0 NC 0 
Banksia 5 0 0 0 
Cissus hypoglauca 5 0 0 0 
Cockroaches 5 1 NC 0 
Earthworm 5 3 NC 0 
Freshwater Shrimp 5 0 NC 0 
Galaxia 3 3 NC 0 
Gudgeon 1 0 NC 0 
Leech 1 0 NC 0 
Macrophyte 10 0 NC 0 
Millipede 5 4 NC 0 
Moth, butterflies, 
bees and march flies 

4 0 NC 0 

Poaceae 5 0 NC 0 
Pteridium 
esculentum  

5 0 NC 0 

Smelt 1 1 NC 0 
Snail 2 1 NC 1 
Spider 3 3 NC 1 
Spiny Crayfish 1 0 0 0 
Note: 
NC No screening criteria. 

No samples reported PFAS concentrations in excess of the adopted human health based 
assessment levels. The sampling locations and results are shown on Figure 9-25. 

Two samples reported PFAS concentrations in excess of the adopted ecological assessment 
levels as summarised in Table 9-100. The sampling locations and results are shown on 
Figure 9-26. 

Table 9-100 Lake McKenzie – PFAS exceeding ecological assessment 
levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)  

LM_TS01_I018_180403 Snail PFOS + PFHxS 0.006 
LM_TS01_I030_180404 Spider PFOS + PFHxS 0.005 
Assessment levels 
Blue Shading indicates concentration exceeds 
NEMP 2018 Interim Ecological Direct Exposure 
Wildlife Diet - Mammalian 

PFOS + PFHxS 0.0046 
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9.8.8 Drinking Water Supply Tanks 

Tank water 

Eight primary surface water samples collected from the Drinking Water Supply Tanks 
(AST_SW01 to AST_SW03 and RAW_SW04) were analysed for PFAS in two sampling events. 
PFAS was not recorded above the LOR (which was less than the drinking water criterion of 
0.07 µg/L) in any sample. Results are presented in Table J11, Table J12, and Table J13, 
Appendix J and sampling locations and results are shown on Figure 9-30. 

No drinking water samples reported PFOS + PFHxS concentrations in excess of the adopted 
human health based assessment level (0.07 µg/L). 

9.8.9 Bherwerre Barrier 

Soil 

Six primary soil samples collected from the Bherwerre Barrier (locations BB_MW01 to 
BB_MW03) were analysed for PFAS. Results are presented in Table J2 and Table J3, Appendix 
J and summarised in Table 9-101. The sampling locations and results are shown on 
Figure 9-15. 

Table 9-101 Bherwerre Barrier – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.0012 0.0003 
PFOS + PFHxS <0.0002 0.0012 0.0003 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS <0.0002 0.0012 0.0003 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than the

LOR, half the LOR was used to calculate averages.

No soil samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health based assessment level (1 mg/kg) or the ecological assessment level (0.01 mg/kg). 

Groundwater 

Three primary groundwater samples collected from the Bherwerre Barrier during dry weather 
(BB_MW01, BB_MW02 and BB_MW03) were analysed for PFAS. PFAS was only detected at 
BB_MW02 (0.0015 µg/L). Results are presented in Table J15, Table J16, and Table J17, 
Appendix J and sampling locations and results are shown on Figure 9-16. 

An additional three primary groundwater samples collected at locations BB_MW01 to 
BB_MW03 following a wet weather event were analysed for PFAS. PFAS was not recorded 
above the LOR in any of the wet weather samples. Results are presented in Table J15, 
Table J16, and Table J17, Appendix J and sampling locations and results are shown on 
Figure 9-16. 

No groundwater samples reported PFOS + PFHxS concentrations in excess of the adopted 
human health (0.7 µg/L) based assessment level. 

9.8.10 Sewer Network 

Thirty seven primary water (effluent) samples from the sewer network were analysed for PFAS, 
with results and figures presented in Appendix N (GHD, 2018c), and summarised in 
Table 9-102. 
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Table 9-102 Sewer network – summary of PFAS effluent analysis (µg/L) 

Analyte Minimum Maximum Average*  
PFOS <0.01 16.8 1.3 
PFOS + PFHxS <0.01 29.3 2.3 
PFOA <0.01 0.62 0.055 
Sum of PFAS <0.01 36.8 3 
Notes: 
*The higher of primary and duplicate results were used to calculate averages. Where results were less than the 
LOR, half the LOR was used to calculate averages. 

The results from the sewer network have not been screened against any health or ecological 
based assessment levels, as there is considered to be no complete pathways, however treated 
effluent has been considered further in Section 9.7.5 (treated effluent within the pond and as 
part of the irrigation network) and Section 9.7.7 (effluent within the STP). The results have also 
been used as part of the assessment of mass flux through the sewer network in 
Section 12.10.4. 

9.8.11 Unnamed Water Feature #1 – west of Mary Creek 

Sediment 

Five primary sediment samples collected from Unnamed Water Feature #1 (UN1_SD01 to 
0UN1_SD04) were analysed for PFAS. Results are presented in Table J8, Appendix J and 
summarised in Table 9-103. The sampling locations and results are shown on Figure 9-23. 

Table 9-103 Unnamed Water Feature #1 – summary of PFAS sediment 
analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.0011 0.0003 
PFOS + PFHxS <0.0002 0.0013 0.0004 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS^ <0.0002 0.0013 0.0004 
Notes: 
^ Not all PFAS analytes were analysed in all sediment samples. 
* Where results were less than the LOR, half the LOR was used to calculate averages. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 

Surface water 

Two primary surface water samples collected from Unnamed Water Feature #1 (UN1_SW03 
and UN1_SW04) were analysed for PFAS. Results are presented in Table J11, Table J12, and 
Table J13, Appendix J and summarised in Table 9-104. The sampling locations and results are 
shown on Figure 9-24. 

Table 9-104 Unnamed Water Feature #1 – summary of PFAS surface water 
analysis (µg/L) 

Analyte Minimum  Maximum Average  
PFOS 0.0003 0.0011 0.0007 
PFOS + PFHxS 0.0003 0.0011 0.0007 
PFOA <0.0005 <0.0005 <0.0005 
Sum of PFAS 0.0003 0.0011 0.0007 
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No surface water samples reported PFOS + PFHxS concentrations in excess of the adopted 
human health based assessment level (0.7 µg/L) or ecological assessment level (0.13 µg/L). 

9.8.12 Unnamed Water Feature #2 – clay pools adjacent to JBRF 

Sediment 

Eleven primary sediment samples collected from Unnamed Water Feature #2 (UN2_SD01 to 
UN2_SD05 and UN_FW01) were analysed for PFAS. Results are presented in Table J8, 
Appendix J and summarised in Table 9-105. The sampling locations and results are shown on 
Figure 9-23. 

Table 9-105 Unnamed Water Feature #2 – summary of PFAS sediment 
analysis (mg/kg) 

Analyte Minimum Maximum  Average * 
PFOS <0.0002 0.0014 0.0005 
PFOS + PFHxS <0.0002 0.0014 0.0006 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS^ <0.0002 0.0014 0.0006 
Notes: 
^ Not all PFAS analytes were analysed in all sediment samples. 
* Where results were less than the LOR, half the LOR was used to calculate averages. 
 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). However, due to the cultural 
significance of these pools, all sediment results from this location will be considered in the 
HHRA. 

Surface water 

Six primary surface water samples collected from Unnamed Water Feature #2 (UN2_SW01 to 
UN_SW05 and UN_FW01) were analysed for PFAS. Results are presented in Table J11, 
Table J12, and Table J13, Appendix J and summarised in Table 9-106. The sampling locations 
and results are shown on Figure 9-24. 

Table 9-106 Unnamed Water Feature #2 – summary of PFAS surface water 
analysis (µg/L) 

Analyte Minimum Maximum  Average * 
PFOS 0.0017 0.0546 0.012 
PFOS + PFHxS 0.0025 0.101 0.023 
PFOA <0.0005 0.001 0.0013 
Sum of PFAS 0.0022 0.11 0.025 
Note: 
* The higher of the primary and duplicate results were used to calculate averages. Where results were less than 

the LOR, half the LOR was used to calculate averages. 

One sample reported PFOS + PFHxS concentrations in excess of the adopted human health 
based assessment level (0.07 µg/L) as summarised in Table 9-107. The drinking water 
assessment criteria was adopted at this location as a conservative measure given the cultural 
significance of the area and expected frequency of use. 
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Table 9-107 Unnamed Water Feature #2 – PFAS exceeding surface water 
human health based assessment levels 

Location ID Analyte Concentration (µg/L) 
UN2_SW05_180322 PFOS + PFHxS 0.101 
Assessment levels 
Bold indicates concentration exceeds the human 
health based assessment level for drinking 
water (HEPA, 2018) 

PFOS + PFHxS 0.07 

No surface water samples reported PFOS concentrations in excess of the adopted ecological 
assessment levels (0.13 µg/L). 

Biota 

Twenty one primary biota samples collected from within Unnamed Water Feature #2 
(UN_FW01) were analysed for PFAS. Results are presented in Table J18 and Table J19, 
Appendix J and summarised in Table 9-108. 

Table 9-108 Unnamed Water Bodies – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of 
PFAS 

Number of 
samples 
exceeding human 
health 
assessment levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Corixidae  5 1 NC 0 
Dragonfly  5 1 NC 0 
Freshwater Beetle 1 1 NC 1 
Macrophyte 10 0 NC 0 

No biota samples from this location had relevance to human health, and therefore no samples 
reported PFAS concentrations in excess of the adopted human health based assessment 
levels. The sampling locations and results are shown on Figure 9-25. 

One sample reported PFAS concentrations in excess of an adopted ecological assessment 
level as summarised in Table 9-109. The sampling location and results are shown on 
Figure 9-26. 

Table 9-109 Unnamed Water Bodies – PFAS exceeding ecological 
assessment levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)  

UN_FW01_IM011_180416 Freshwater Beetle PFOS + PFHxS 0.005 
Assessment level 
Blue shading indicates concentration exceeds the 
Interim Ecological Direct Exposure Wildlife Diet – 
Mammalian (HEPA, 2018) 

PFOS + PFHxS 0.0046 

9.8.13 Unnamed Water Feature #3 – Ryans Swamp and south east of 
Summercloud Creek 

Sediment 

Ten primary sediment samples collected from Unnamed Water Feature #3 (from UN3_SD01 to 
UN3_SD08) were analysed for PFAS. Results are presented in Table J8, Appendix J and 
summarised in Table 9-110. The sampling locations and results are shown on Figure 9-23. 
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Table 9-110 Unnamed Water Feature #3 – summary of PFAS sediment 
analysis (mg/kg) 

Analyte Minimum Maximum Average * 
PFOS <0.0002 0.0012 0.0006 
PFOS + PFHxS <0.0002 0.0015 0.0006 
PFOA <0.0002 <0.005 <0.005 
Sum of PFAS^ <0.0002 0.0015 0.0006 
Notes: 
^ Not all PFAS analytes were analysed in all sediment samples 
* The higher of primary and duplicate results were used to calculate averages. Where results were less than the 

LOR, half the LOR was used to calculate averages. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 

Surface water 

Eight primary surface water samples collected from Unnamed Water Feature #3 (from 
UN3_SW01 to UN3_SW08) during dry weather and one primary surface water sample (from 
UN3_SW03) collected during a wet weather event were analysed for PFAS. Results are 
presented in Table J11, Table J12 and Table J13, Appendix J and summarised in Table 9-111. 
The sampling locations and results are shown on Figure 9-24. 

Table 9-111 Unnamed Water Feature #3 – summary of PFAS surface water 
analysis (µg/L) 

Analyte Dry Weather (n =8) Wet Weather 
(n=1) Minimum  Maximum  Average * 

PFOS <0.0003 0.0109 0.0016 0.0032 
PFOS + PFHxS <0.0003 0.0195 0.0029 0.01 
PFOA <0.0005 0.0008 0.0004 <0.0005 
Sum of PFAS <0.0003 0.0267 0.004 0.01 
Note: 
* The higher of primary and duplicate results were used to calculate averages; where results were less than 
the LOR, half the LOR was used to calculate averages. 

No surface water samples reported PFOS + PFHxS concentrations in excess of the adopted 
human health based assessment level (0.07 µg/L at non-saline locations, and 0.7 µg/L at all 
locations). 

No surface water samples reported PFOS concentrations in excess of the adopted ecological 
assessment level (0.13 µg/L). 

9.8.14 Unnamed Water Feature #4 – east of Telegraph Creek 

Sediment 

One primary sediment sample collected from Unnamed Water Feature #4 (UN4_SD01) was 
analysed for PFAS. All PFAS were below the LOR. Results are presented in Table J8, Appendix 
J, with sampling locations and results shown on Figure 9-27. 

No sediment samples reported PFOS + PFHxS concentrations in excess of the adopted human 
health and ecological based assessment level (0.22 mg/kg). 
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Surface water 

One primary surface water sample collected from Unnamed Water Feature #4 (UN4_SW01) 
was analysed for PFAS. PFOS + PFHxS were reported at 0.0007 µg/L, which is below the 
adopted human health (0.7 µg/L) and ecological (0.13 µg/L) based assessment levels. Results 
are presented in Table J11, Table J12 and Table J13, Appendix J and the sampling location 
and results are shown on Figure 9-28. 

9.8.15 Jervis Bay Marine 

Sediment 

Three primary sediment samples collected from the marine sediments in Jervis Bay (JB_MR01 
to JB_MR03) were analysed for PFAS. PFOS was the only PFAS detected in marine 
sediments, and was only reported JB_MR02 near the outfall of Telegraph Creek at 
0.0005 mg/kg. This is below the adopted human health and ecological based assessment level 
(0.22 mg/kg). Results are presented in Table J8, Appendix J and the sampling locations and 
results are shown on Figure 6-17 and Figure 9-27. 

Surface water 

Six surface water samples collected from marine waters in Jervis Bay (JB_MR01 to JB_MR03 
and JB_SW01 to JB_SW03) were analysed for PFAS. All PFAS were below the LOR, except at 
JB_SW01. Concentrations of PFOS + PFHxS were below the adopted human health 
assessment levels for recreational use (0.7 µg/L) at this location, however notably, 19 different 
PFAS analytes were detected within the sample (sum PFAS 0.03 µg/L), suggesting impact 
originating from the outfall at Flat Rock Creek. Results are presented in Table J11, Table J12, 
and Table J13, Appendix J. The sampling locations and results are shown on Figure 6-17, 
Figure 9-18, Figure 9-22, and Figure 9-27. 

Biota 

One hundred and seventeen primary biota samples collected from within Jervis Bay (from 
JB_MR01 to JB_MR03) were analysed for PFAS. Results are presented in Table J18 and 
Table J19, Appendix J and summarised in Table 9-112. The sampling locations and results are 
shown on Figure 9-19 and Figure 9-20. It is noted that sample locations for JB_MR03 are 
shown on Figure 6-17, with no results presented on the figure due to the absence of PFAS 
concentrations in these samples. 

Table 9-112 Jervis Bay – summary of biota sample numbers 

Biota Number of 
primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding 
human health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment 
levels 

Abalone, fillet 2 0 0 NC 
Blue spot flathead 15 0 0 0 
Bonito 5 0 0 0 
Conch without shell 5 0 0 0 
Intertidal Crab 5 0 NC 0 
Kelp 10 0 NC 0 
Leatherjacket 15 0 0 0 
Neptune’s Necklace 5 0 NC 0 
Oyster 5 0 0 0 
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Biota Number of 
primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding 
human health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment 
levels 

Ribbonweed 10 0 NC 0 
Seaweed 5 0 NC 0 
Squid, tube 5 0 0 0 
Sydney Rock Oyster, 
whole 

5 0 0 0 

Tailor, fillet 10 0 0 0 
Urchin, whole 10 0 0 0 
Yabby, whole 5 0 NC 0 
Note: 
NC No screening criteria. 

No samples reported PFAS concentrations in excess of the adopted human health based 
assessment or ecological assessment levels. 

9.8.16 Wreck Bay Marine 

Surface water 

Three surface water samples collected from marine waters in Wreck Bay (WB_SW01 to 
WB_SW03) were analysed for PFAS. All PFAS concentrations were below the LOR, with 
results presented in Table J11, Table J12 and Table J13, Appendix J. The sampling locations 
and results are shown on Figure 9-24. 

No surface water samples reported PFAS concentrations in excess of the adopted human 
health based assessment and ecological assessment levels (0.7 µg/L). 

Biota 

Sixty one primary biota samples collected from within Wreck Bay (at WB_MR01) were analysed 
for PFAS. Results are presented in Table J18 and Table J19, Appendix J and summarised in 
Table 9-113. The sampling locations and results are shown on Figure 9-25 and Figure 9-26. 

Table 9-113 Wreck Bay – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding human 
health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Abalone 3 1 0 NC 
Blue Spot Flathead 2 0 0 0 
Dusky Flathead 2 0 0 0 
Intertidal Crab, 
Whole 

4 0 NC 0 

Kelp 5 0 NC 0 
Neptune’s Necklace 5 0 NC 0 
Rainbow Cale 5 0 0 0 
Sand Whiting 5 2 0 0 
Seaweed 5 0 NC 0 
Squid, Tube 5 0 0 0 
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Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding human 
health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Sydney Rock Oyster, 
Whole 

5 0 0 0 

Tailor (fillet) 5 1 0 0 
Tailor (whole) 5 0 NC 0 
Urchin (no spines or 
mouthparts) 

5 1 0 0 

Note: 
NC No screening criteria. 

No samples reported PFAS concentrations in excess of the adopted human health based 
assessment and ecological assessment levels. 

9.9 Secondary source areas 

9.9.1 Residential gardens 

Soil 

Seven primary soil samples collected from residential gardens were analysed for PFAS 
(VG_TS01 to VG_TS07). Results are presented in Table J2 and Table J3, Appendix J and 
summarised in Table 9-114. The sampling locations and results are shown on Figure 9-17 and 
Figure 9-23. 

Table 9-114 Residential gardens – summary of PFAS soil analysis (mg/kg) 

Analyte Minimum Maximum Average  
PFOS 0.0002 0.0036 0.0016 
PFOS + PFHxS 0.0002 0.0036 0.0016 
PFOA <0.0002 <0.0002 <0.0002 
Sum of PFAS 0.0005 0.0036 0.0017 

No soil samples had PFAS concentrations in excess of the adopted human health based 
assessment or ecological assessment levels (0.009 mg/kg). 

Biota 

Forty four primary biota samples (from locations VG_TS01 to VG_TS09) collected from within 
residential gardens and publicly accessible plants with edible fruit were analysed for PFAS. 
Results are presented in Table J18 and Table J19, Appendix J and summarised in Table 9-115. 
The sampling locations and results are shown on Figure 9-19, Figure 9-20, Figure 9-25, and 
Figure 9-26. 
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Table 9-115 Residential gardens – summary of biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding human 
health 
assessment 
levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Chicken Egg 1 0 0 NC 
Carrot 5 0 0 0 
Lemon 5 0 0 0 
Lilly Pilly (stone 
removed) 

15 2 1 0 

Lilly Pilly stone 3 1 0 0 
Orange 5 0 0 0 
Tomato 10 0 0 0 
Note: 
NC No screening criteria. 

One sample reported PFAS concentrations in excess of the adopted human health based 
assessment level as summarised in Table 9-116. 

Table 9-116 Residential Gardens – PFAS exceeding human health based 
assessment levels for biota 

Sample ID Biota Analyte Concentration 
(mg/kg)  

VG_TS07_P022_180409^ Lilly Pilly (stone removed) PFOS + PFHxS 0.001 
Assessment level 
Yellow shading indicates concentration exceeds the FSANZ 2017 
Fruit (all) Trigger Point 

PFOS + PFHxS 0.0006 

Note: 
^ Result from duplicate sample adopted as a conservative measure 

No samples had PFAS concentrations in excess of the adopted ecological assessment levels. 

9.9.2 JBRF terrestrial 

Soil 

Two primary soil samples collected from the JBRF terrestrial biota sample locations 
(JBRF_TS01 and JBRF_TS02) were analysed for PFAS. PFOS only was reported at 
JBRF_TS02 (0.0004 mg/kg). This is below the adopted human health (1 mg/kg) and ecological 
based assessment levels (0.01 mg/kg). Results are presented in Table J2 and Table J3, 
Appendix J and shown on Figure 9-15. 

Biota 

Forty nine primary biota samples collected from within JBRF were analysed for PFAS (at 
JBRF_TS01 and JBRF_TS02). Results are presented in Table J18 and Table J19, Appendix J 
and summarised in Table 9-117. 
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Table 9-117 JBRF – summary of terrestrial biota sample numbers 

Biota Number of 
samples 
analysed 

Number of 
samples with 
detectable 
levels of PFAS 

Number of 
samples 
exceeding human 
health 
assessment levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Ant 5 3 NC 0 
Banksia ericifolia 5 0 0 0 
Beetle 1 0 NC 0 
Bush cockroach 5 5 NC 1 
Earthworm 5 4 NC 4 
Epacris microphylla 5 0 NC 0 
Fly 3 0 NC 0 
Fox 4 4 NC 4 
Moth 1 1 NC 1 
Rabbit 8 8 6 7 
Scat 1 1 NC NC 
Snail 1 0 NC 0 
Spider 5 5 NC 5 
Note: 
NC No screening criteria. 

Six samples reported PFAS concentrations in excess of the adopted human health based 
assessment levels as summarised in Table 9-118. The sampling locations and results are 
shown on Figure 9-25. It is noted that foxes are not expected to be consumed by human 
receptors, however have been screened against the relevant human health assessment levels 
for the sake of transparency in Table J18 in Appendix J. 

Table 9-118 JBRF – PFAS exceeding human health based assessment 
levels for terrestrial biota 

Sample ID Biota Analyte Concentration 
(mg/kg) ^ 

JBRF_TS01_VL001_180209 Rabbit Liver, Female PFOS + PFHxS 0.487 
JBRF_TS01_VM001_180209^ Rabbit Meat, Female PFOS + PFHxS 0.0381 
JBRF_TS01_VM002_180209 Rabbit Meat, Female PFOS + PFHxS 0.011 
JBRF_TS02_VL009_180223 Rabbit Liver, Female PFOS + PFHxS 0.659 
JBRF_TS02_VL010_180223 Rabbit Liver, Female PFOS + PFHxS 0.362 
JBRF_TS02_VM010_180223 Rabbit Meat, Female PFOS + PFHxS 0.005 
Assessment levels 
Brown shading indicates concentration exceeds the 
FSANZ 2017 Meat Mammalian Trigger Point 

PFOS + 
PFHxS 

0.0035 

Pink shading indicates concentration exceeds the 
FSANZ 2017 Offal Mammalian Trigger Point 

PFOS + 
PFHxS 

0.096 

Note: 
^ Result from duplicate sample adopted as a conservative measure, 

Twenty-two samples reported PFAS concentrations in excess of the adopted ecological 
assessment levels as summarised in Table 9-119. The sampling locations and results are 
shown on Figure 9-26. 
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Table 9-119 JBRF – PFAS exceeding ecological assessment levels for 
terrestrial biota 

Sample ID Biota Analyte Concentration 
(mg/kg)^  

JBRF_TS01_I014_180226^ Bush cockroach PFOS + PFHxS 0.0127 
JBRF_TS01_I023_180228 Earthworm PFOS + PFHxS 0.024 
JBRF_TS01_I024_180228 Earthworm PFOS + PFHxS 0.018 
JBRF_TS01_I025_180228 Earthworm PFOS + PFHxS 0.019 
JBRF_TS01_I026_180228 Earthworm PFOS + PFHxS 0.009 
JBRF_TS01_VL004_180209 Fox, liver PFOS + PFHxS 1.704 
JBRF_TS01_VM004_180209 Fox, meat PFOS + PFHxS 0.021 
JBRF_TS01_VL003_180209 Fox, liver PFOS + PFHxS 2.671 
JBRF_TS01_VM003_180209 Fox, meat PFOS + PFHxS 0.017 
JBRF_TS01_I012_180226 Moth PFOS + PFHxS 0.053 
JBRF_TS01_VL001_180209 Rabbit PFOS + PFHxS 0.487 
JBRF_TS01_VL002_180209 Rabbit PFOS + PFHxS 0.022 
JBRF_TS01_VM001_180209^ Rabbit PFOS + PFHxS 0.0381 
JBRF_TS01_VM002_180209 Rabbit PFOS + PFHxS 0.011 
JBRF_TS02_VL009_180223 Rabbit PFOS + PFHxS 0.659 
JBRF_TS02_VL010_180223 Rabbit PFOS + PFHxS 0.362 
JBRF_TS02_VM010_180223 Rabbit PFOS + PFHxS 0.005 
JBRF_TS01_I007_180226 Spider PFOS + PFHxS 0.082 
JBRF_TS01_I008_180226 Spider PFOS + PFHxS 0.01 
JBRF_TS01_I009_180226 Spider PFOS + PFHxS 0.009 
JBRF_TS01_I010_180226 Spider PFOS + PFHxS 0.006 
JBRF_TS01_I011_180226 Spider PFOS + PFHxS 0.012 
Assessment levels 
Blue font indicates concentration exceeds the NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Avian 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds 
NEMP 2018 Interim Ecological Direct Exposure 
Wildlife Diet - Mammalian 

PFOS + PFHxS 0.0046 

Note: 
^ Result from duplicate sample adopted as a conservative measure. 

9.9.3 HMAS Creswell terrestrial 

Soil 

Two primary soil samples collected from the HMAS Creswell terrestrial biota sample locations 
(HMAS_TS01) were analysed for PFAS. PFOS only was reported at HMAS_TS01_SOIL02 
(0.0005 mg/kg). This is below the adopted human health (1 mg/kg) and ecological based 
assessment levels (0.01 mg/kg). Results are presented in Table J2 and Table J3, Appendix J 
and shown on Figure 9-8. 

Biota 

Fifty one primary terrestrial biota samples collected from within HMAS Creswell were analysed 
for PFAS (at HMAS_TS01). Results are presented in Table J18 and Table J19, Appendix J and 
summarised in Table 9-120. 
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Table 9-120 HMAS Creswell – summary of terrestrial biota sample numbers 

Biota Number 
of primary 
samples 
analysed 

Number of 
samples with 
detectable 
levels of 
PFAS 

Number of 
samples 
exceeding human 
health 
assessment levels 

Number of 
samples 
exceeding 
ecological 
assessment levels 

Ant 5 5 NC 5 
Earthworm 4 4 NC 3 
Wombat Berry 6 0 0 0 
Fly 5 2 NC 1 
Millipede 1 1 NC 1 
Moth 1 0 NC 0 
Bracken Fern 5 2 NC 0 
Rabbit Liver 4 4 0 4 
Rabbit Meat 4 0 0 0 
Snail 5 0 NC 0 
Spider 6 6 NC 6 
Terrestrial Beetle 5 1 NC 0 
Note: 
NC No screening criteria. 

No samples reported PFAS concentrations in excess of the adopted human healthbased 
assessment levels. The sampling locations and results are shown on Figure 9-19. 

Twenty samples reported PFAS concentrations in excess of the adopted ecological assessment 
levels as summarised in Table 9-121. The sampling locations and results are shown on 
Figure 9-20. 

Table 9-121 HMAS Creswell – PFAS exceeding ecological assessment 
levels for terrestrial biota 

Sample ID Biota Analyte Concentration 
(mg/kg)  

HMAS_TS01_I001_180219 Ant PFOS + PFHxS 0.016 
HMAS_TS01_I002_180219 Ant PFOS + PFHxS 0.022 
HMAS_TS01_I003_180219 Ant PFOS + PFHxS 0.027 
HMAS_TS01_I004_180219 Ant PFOS + PFHxS 0.022 
HMAS_TS01_I005_180219 Ant PFOS + PFHxS 0.007 
HMAS_TS01_I022_180221 Earthworm PFOS + PFHxS 0.005 
HMAS_TS01_I056_180302 Earthworm PFOS + PFHxS 0.022 
HMAS_TS01_I058_180302 Earthworm PFOS + PFHxS 0.009 
HMAS_TS01_I050_180228 Fly PFOS + PFHxS 0.005 
HMAS_TS01_I007_180219 Millipede PFOS + PFHxS 0.006 
HMAS_TS01_VL005_180223 Rabbit, liver PFOS + PFHxS 0.007 
HMAS_TS01_VL006_180223 Rabbit, liver PFOS + PFHxS 0.014 
HMAS_TS01_VL007_180223 Rabbit, liver PFOS + PFHxS 0.014 
HMAS_TS01_VL008_180223 Rabbit, liver PFOS + PFHxS 0.017 
HMAS_TS01_I010_180220 Spider PFOS + PFHxS 0.023 
HMAS_TS01_I012_180220 Spider PFOS + PFHxS 0.028 
HMAS_TS01_I017_180220 Spider PFOS + PFHxS 0.005 
HMAS_TS01_I018_180220 Spider PFOS + PFHxS 0.005 
HMAS_TS01_I020_180220 Spider PFOS + PFHxS 0.03 



GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 236 

Sample ID Biota Analyte Concentration 
(mg/kg) 

HMAS_TS01_I021_180220 Spider PFOS + PFHxS 0.104 
Assessment levels 
Blue font indicates concentration exceeds the NEMP 
2018 Interim Ecological Direct Exposure Wildlife 
Diet - Avian 

PFOS + PFHxS 0.0082 

Blue Shading indicates concentration exceeds 
NEMP 2018 Interim Ecological Direct Exposure 
Wildlife Diet - Mammalian 

PFOS + PFHxS 0.0046 

9.10 Seasonal affected migration pathways 

During the DSI, sampling of soil and concrete was undertaken during dry weather conditions, 
however sediment, surface water and groundwater samples were collected during both dry and 
wet weather periods. A summary of the number of samples is presented in Table 9-122, and 
results for PFOS + PFHxS concentrations are presented in Figure 9-31, Figure 9-32, 
Figure 9-33 and Figure 9-34. 

Table 9-122 Comparison of dry weather and wet weather sampling number 
and results 

Matrix Dry Weather Sampling Wet Weather Sampling 
Number 
of 
primary 
samples 

PFAS 
greater 
than human 
health 
assessment 
levels 

PFAS 
greater than 
ecological 
assessment 
levels 

Number 
of 
primary 
samples 

PFAS 
greater than 
human 
health 
assessment 
levels 

PFAS greater 
than ecological 
assessment 
levels 

Soil 286 0 64 - - - 
Concrete 15 NC NC - - - 
Sediment 113 1 1 20 0 0 
Surface water 126 27 27 27 8 9 
Groundwater* 61 15 NC 15 4 NC 
Notes: 
NC No screening criteria. 
* Groundwater has only been screened against the human health based assessment level for recreational use (0.7

µg/L) given that groundwater is not understood to be abstracted for any purpose within the Investigation Area. It is
noted that groundwater is still screened against the drinking water and ecological assessment levels for transparency
within Table J16 and J17 in Appendix J.

The results of the dry and wet weather event sampling have been considered further as part of 
the mass flux estimates presented in Section 12.10.4. 

A comparison of the PFOS + PFHxS concentrations and Total PFAS concentrations comparing 
dry and wet weather events for drinking water/surface water and groundwater is presented in 
Table 9-123 and Table 9-124. 
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Table 9-123 Comparison of dry and wet weather PFAS concentrations for 
drinking water supply tanks and surface water (µg/L) 

Location ID PFOS + PFHxS  Total PFAS  
Dry Wet Dry Wet 

Drinking water supply tanks 
AST_SW01 <LOR <LOR <LOR <LOR 
AST_SW02 <LOR <LOR <LOR <LOR 
AST_SW03 <LOR <LOR <LOR <LOR 
RAW_SW04 <LOR <LOR <LOR <LOR 
Surface water 
B_SW01 4.94 8.18 5.62 9.57 
CL_SW01 0.952 0.561 0.98 0.716 
CL_SW02 1.93 0.64 1.98 0.802 
CL_SW07 0.323 0.487 0.366 0.651 
CL_SW08 0.327 0.668 0.379 0.801 
CL_SW09 1.44 1.25 1.58 1.48 
CL_SW12 0.0033 0.0016 0.0033 0.0016 
FC_SW01 0.188 0.0416 0.211 0.0514 
FC_SW02 0.16 0.0567 0.185 0.0702 
FC_SW04 0.148 0.145 0.171 0.176 
FC_SW05 0.109 0.221 0.124 0.246 
FC_SW14 0.0097 0.0284 0.0097 0.0349 
LM_SW01 <LOR <LOR <LOR <LOR 
LM_SW02 <LOR <LOR <LOR <LOR 
LM_SW03 <LOR <LOR <LOR <LOR 
LW_SW01 <LOR <LOR <LOR <LOR 
LW_SW02 <LOR <LOR <LOR <LOR 
LW_SW03 <LOR <LOR <LOR <LOR 
MC_SW01 1.69 4.43 1.9 5.16 
MC_SW02 1.01 4.43 1.13 5.22 
MC_SW03 0.0374 0.0152 0.0404 0.0152 
UN3_SW03 0.0195 0.01 0.0267 0.01 
Notes: 
Bold - Concentrations reported in wet weather were higher than those from dry weather monitoring. 
Note: analysis during the wet weather sampling had a higher LOR, not ultra trace, compared to the dry weather 
sampling. 
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Table 9-124 Comparison of dry weather and wet weather PFAS 
concentrations for groundwater (µg/L) 

Location ID PFOS + PFHxS  Total PFAS  
Dry Wet Dry Wet 

BB_MW01 <LOR <LOR <LOR <LOR 
BB_MW02 0.0015 <LOR 0.0015 <LOR 
BB_MW03 <LOR <LOR <LOR <LOR 
A_MW03 59.6 169 80.3 188 
B_MW04 0.0666 <LOR 0.0856 <LOR 
MC_MW04 <LOR <LOR <LOR <LOR 
MC_MW02 0.0332 <0.05 0.0378 <LOR 
CL_MW01 0.971 0.18 1.12 0.18 
CL_MW02 0.116 0.15 0.154 0.22 
0020_MW012 5.23 5.3 5.88 5.8 
LM_MW02 0.0032 <LOR 0.0032 <LOR 
LM_MW01 0.0243 1.81 0.0319 2.14 
LW_MW01 0.0042 <LOR 0.0042 <LOR 
FC_MW01 0.193 <LOR 0.229 <LOR 
E_MW04 0.374 5.76 0.449 6.23 
Notes: 
Bold - Concentrations report in wet weather were higher than those from dry weather monitoring. 
Note: analysis during the wet weather sampling had a higher LOR, not ultra trace, compared to the dry weather 
sampling. 
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Note: Where more than one sample was analysed a a location, only the highest result is shown
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10. Quality assurance/quality control 
The QA/QC procedures adopted for the DSI were based on the ASC NEPM (NEPC, 2013) and 
the DER (2017) PFAS guidelines, which were considered the most relevant at the time of the 
preparation of the SAQP (GHD, 2018b). The PFAS NEMP (HEPA, 2018) was also considered 
for the QA/QC procedures following publication in early 2018. 

QA involves all of the actions, procedures, checks and decisions undertaken to ensure the 
representativeness and integrity of samples and accuracy and reliability of analytical results. 
QC involves protocols to monitor and measure the effectiveness of QA procedures. 

In accordance with the ASC NEPM, the reliability of field procedures and analytical results have 
been assessed using DQIs of precision, accuracy, representativeness, completeness and 
comparability. These are summarised below: 

 Representativeness is the confidence that the data are representative of each medium 
analysed. 

 Comparability is the confidence that the data may be considered to be equivalent for each 
sampling event and analytical event. 

 Precision is a quantitative measure of the variability (or reproducibility) of data. 

 Accuracy/bias is a quantitative measure of the closeness of reported data to the true value. 

 Completeness is a measure of the amount of useable data from a data collection activity. 

The approach and findings of the DSI QA/QC assessment are detailed in Appendix D. 

In summary, while some of the quality control results were reported to be outside adopted 
acceptance objectives, the majority of the quality control results indicated that the precision and 
accuracy of the data was within acceptable limits. Based upon a review of the field and 
laboratory QA/QC procedures adopted for the DSI, the field and laboratory data is considered to 
be of sufficient integrity and can be used with confidence. 
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11. Groundwater modelling 
11.1 Background 

A groundwater model is a computational method of simulating an underground water system. 
Groundwater models are a simplification of a more complex hydrogeological system. They are 
typically used as a line of evidence alongside field data and conceptual appreciation to support 
decision making. 

Using data from the DSI, a 3D groundwater numerical model was generated for use in further 
characterising/conceptualising the PFAS groundwater migration pathways from the key PFAS 
source areas at JBRF. The groundwater flow model was developed using 
MODFLOW-Surfact v4 numerical codes using the Groundwater Vistas Version 7 as the 
graphical user interface (GUI) between the assembled hydrogeological data and the required 
MODFLOW SURFACT v4 input files. 

This section presents a summary of the groundwater modelling. A detailed description of the 
methodology and outcomes have been provided in the Groundwater Modelling Report (GHD, 
2018d) contained in Appendix C. 

11.2 Objectives 

The objectives of the modelling were to: 

 Characterise and conceptualise the key links between groundwater sources, pathways, and 
receptors and their locations 

 Assess mass flux at key migration pathways to inform a source / receptor risk ranking as 
part of the DSI 

 Identify data gaps and inform future site investigations, groundwater/surface water 
monitoring programs, and further numerical groundwater modelling (if required). 

11.3 Scope 

The modelling was completed in accordance with the groundwater flow modelling plan (GHD, 
2017b). The modelling scope comprised: 

 Review and refinement of the conceptual hydrogeological model 

 Groundwater flow model construction 

 Groundwater flow model calibration 

 Particle-tracking simulation to predict convective transport of PFAS in the aquifer from 
three primary PFAS source areas. 

11.4 Modelling outcomes 

Interpretation of the Stream flow monitoring (GHD, 2018e), as part of the development of the 
groundwater model, included review of five stream segments to understand base flow. While 
there was insufficient data for the two upper sections of Mary Creek (immediately south of 
JBRF), as no surface water flows were observed during monitoring, the following conclusions 
were made for the remaining segments: 

 The upper portion of Captains Lagoon, between AEC C and Jervis Bay Road was identified 
as a gaining stream. 
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 The upper portion of Flat Rock Creek between JBRF and HMAS Creswell was identified as 
a losing stream. 

 The lower portion of Mary Creek to the south of the confluence of the two upper branches 
(see surface water sample location MC_SW02 on Figure 9-23) was identified as a gaining 
stream. 

A comparison was made between the observed and modelled groundwater elevations for both 
the upper overburden and lower bedrock aquifers using data collected in 2017 and 2018 under 
steady-state conditions. From this it was concluded that the calibrated groundwater flow model 
provided a reasonable match to groundwater flow conditions observed during both wet and dry 
periods. It was also found to reasonably match the trends observed for the measured stream 
dry-weather base flow rates. 

To assess the groundwater flow pathways from AEC A, AEC C & D and AEC F, the model was 
used to simulate the release of particles at the water table elevation at each of these areas. The 
results are presented in Appendix C and have been summarised below: 

 AEC A - The majority of particles within this area (63%) were captured within the Mary 
Creek catchment to the west of the AEC, with capture of 31% of the particles within the 
AEC, and smaller proportions within Captains Lagoon (4%) and Flat Rock Creek (2%). 
Capture times varied from less than 2 years in the general vicinity of the AEC, to greater 
than 100 years at the lateral extent of the particle capture locations. 

 AEC C – Within the AEC, only 9% of particles were captured, with the majority of particles 
(76%) captured within the Captains Lagoon catchment, and 15% captured within the Flat 
Rock Creek catchment. The capture times within the extent of the AEC were observed to 
be less than 10 years, and times varied for both Flat Rock Creek and Captains Lagoon, 
with the only consistent area comprising the portion of Flat Rock Creek beyond the north 
western boundary of JBRF where times were consistently greater than 100 years. 

 AEC F – Due to the small size of this AEC, there was simulated release of only four 
particles, with all discharging to Jervis Bay with a minimum travel time of 10 years. There 
was one particle modelled to discharge to the west of the wharf area at a time between 
10 and 50 years, with the remaining particles discharging to the east of the wharf area at 
times of between 50 and 100 years. 

Although there were limitations and uncertainties with regards to the modelling (these are 
detailed in the Groundwater Modelling Report) the outputs adequately address the modelling 
objectives for the DSI. 

It is noted that that the model could not account for preferential pathways due to features such 
as bedrock fractures and also generalized the hydraulic conductivity into just two aquifer zones. 
Therefore the capture times and locations from the particle tracking need to be considered in 
the context of the field observations of contaminant trends across the Investigation Area. 

The data gaps and limitations are considered further in Section 15. 
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12. Fate and transport
There are a number of factors that influence the fate and transport of PFAS within the 
Investigation Area. These are discussed in the following sections. 

12.1 Source type 

The parent AFFF product that contained PFAS can vary depending on the age of a site, the 
activity in an area and the type of product used. Early AFFF contained PFOS as the main active 
ingredient whereas later foams contained shorter chain PFAS and fluorotelomers with no PFOS 
(referred to as ‘C6’ foams). It is understood that from 2004, Defence commenced phasing out its 
use of legacy AFFF containing PFOS and PFOA as active ingredients. 

Based on the site history and history of Defence legacy AFFF products, it was considered likely 
that the former FFTA located at JBRF used a PFOS-based AFFF. Hence, it was expected that 
PFOS (as well as other PFAS compounds) would be present in the environment at the site but 
at different ratios depending on the main parent product. 

Assessment of the soil within the source areas can provide some indication of the primary 
source product used in the area. This is because the product will generally be at its most 
concentrated form in the source area and there is a greater chance of detecting a wider range 
of PFAS compounds than from soils more distant from the source. 

12.2 Primary source areas defined by the DSI 

The findings of the PSI determined that the key sources of PFAS within the Investigation Area 
were likely to be from firefighting activities involving the use of legacy AFFF at JBRF, and its 
storage and use at HMAS Creswell. The main areas of concern that were considered to warrant 
further investigation as part of the DSI process were specifically: 

 AEC A – RAN SSSS (Defence CSR number - CSR_ACT_000108)

 AEC B – Area adjacent to RAN SSSS, Mary Creek (Defence CSR number -
CSR_ACT_000109)

 AEC C – Former fire training area (now the parachute training school)

 AEC D – Former asbestos building 15 (Defence CSR number - CSR_ACT_000071)

 AEC E – HMAS Creswell former golf course (Defence CSR number - CSR_ACT_000106)

 AEC F – HMAS Creswell fire station (Defence CSR number - CSR_ACT_000101)

 AEC G – HMAS Creswell sewage treatment plant and outfall (Defence CSR numbers
CSR_ACT_000118 and CSR_ACT_000115)

 AEC H – Former drum disposal area (Defence CSR number CSR_ACT_000105)

Of these, the results of the DSI have indicated that AEC A (RAN SSSS), AEC C (Former fire 
training area) and AEC F (HMAS Creswell fire station) are the three most significant primary 
PFAS source areas. As a result, these areas are the focus of the interpretations and modelling 
in the subsequent sections below. 

The relative contribution of PFAS to the environment from other AECs is considered to be minor 
as highlighted in Section 9. Migration pathways including surface water, groundwater and the 
sewer network have been considered further in Section 12.10. 
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Other less significant sources of PFAS within the Investigation Area contributing to catchment-
wide, and what may be considered ‘diffuse anthropogenic background levels’, may include: 

 The use of non-legacy foam as part of the firefighting activities associated with the 
September 2017 bushfire in BNP and also within JBRF 

 Point sources associated with storage and disposal 

 Miscellaneous, undocumented emergency incidents 

 Impacted concrete acting as a secondary source of PFAS groundwater and surface water 
contamination 

12.3 PFAS mass estimates 

The approximate mass of total PFAS in soil and groundwater has been calculated for each of 
the three main source areas (AEC A, AEC C, and AEC F). 

Based on a number of concrete samples collected and analysed in source area AEC A, there 
was also sufficient data to undertake an estimate of the sorbed contaminant mass in the 
concrete hardstand training area. 

The sorbed and dissolved contaminant mass were calculated using the following equations: 

𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 𝑪𝑪𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑴𝑴𝑪𝑪𝑫𝑫𝑫𝑫 (𝒌𝒌𝒌𝒌)
= 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐺𝐺𝐴𝐴𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐴𝐴𝐺𝐺𝐴𝐴𝐴𝐴 𝐶𝐶𝐺𝐺𝐺𝐺𝐶𝐶𝐴𝐴𝐺𝐺𝐺𝐺𝐴𝐴𝐴𝐴𝐺𝐺𝐶𝐶𝐺𝐺𝐺𝐺 �

𝑚𝑚𝐴𝐴
𝐿𝐿
� ×  𝑃𝑃𝐺𝐺𝐴𝐴𝐺𝐺𝑃𝑃𝐶𝐶𝐺𝐺𝑃𝑃 

× 𝑃𝑃𝑃𝑃𝐺𝐺𝑚𝑚𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑚𝑚2)𝑥𝑥 𝐺𝐺ℎ𝐶𝐶𝐶𝐶𝑖𝑖𝐺𝐺𝐴𝐴𝑃𝑃𝑃𝑃 (𝑚𝑚) / 103 

𝑺𝑺𝑫𝑫𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫 𝑪𝑪𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑴𝑴𝑪𝑪𝑫𝑫𝑫𝑫 (𝒌𝒌𝒌𝒌)

= 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐺𝐺𝐶𝐶𝑃𝑃 𝐶𝐶𝐺𝐺𝐺𝐺𝐶𝐶𝐴𝐴𝐺𝐺𝐺𝐺𝐴𝐴𝐴𝐴𝐺𝐺𝐶𝐶𝐺𝐺𝐺𝐺 �
𝑚𝑚𝐴𝐴
𝑖𝑖𝐴𝐴

�

× 𝑆𝑆𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴 𝑍𝑍𝐺𝐺𝐺𝐺𝐴𝐴 𝑇𝑇ℎ𝐶𝐶𝐶𝐶𝑖𝑖𝐺𝐺𝐴𝐴𝑃𝑃𝑃𝑃 (𝑚𝑚)𝑥𝑥 𝐼𝐼𝑚𝑚𝐼𝐼𝐴𝐴𝐶𝐶𝐺𝐺𝐴𝐴𝐺𝐺 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑚𝑚2)𝑥𝑥 𝑆𝑆𝐺𝐺𝐶𝐶𝑃𝑃 𝐵𝐵𝐺𝐺𝑃𝑃𝑖𝑖 𝐷𝐷𝐴𝐴𝐺𝐺𝑃𝑃𝐶𝐶𝐺𝐺𝑃𝑃 �
𝑖𝑖𝐴𝐴
𝑚𝑚3�  / 106 

Parameter values used in contaminant mass estimates, and the basis for their use, are provided 
in Table 12-1. Where no site specific data was available, published literature values were used, 
as discussed below. 

Soil bulk density and soil porosity was obtained from the published values for sandy clay, with 
1,350 kg/m3 and 37%6 adopted respectively. The majority of the soil profile was described as 
sand or clayey sand/sandy clay, with sand values used as a conservative value. A sensitivity 
analysis was also undertaken to assess the differences in material type, and the calculations for 
soils were also undertaken using a soil bulk density for clay of 1,860 kg/m3, see Table 12-2. 

Average PFAS concentrations in soil and concrete were calculated from samples from the 
respective AECs. The concentrations were statistically assessed using the 95% UCL. Due to 
insufficient groundwater results to determine the 95% UCL, the average concentration from dry 
weather monitoring was used, together with the highest value from the dataset for a sensitivity 
analysis. 

The lateral extent of AEC F was used for the mass calculations at this source location, however 
due to the large lateral extent of AEC A and AEC C, smaller areas were selected as shown on 
by the red polygon on Plate 12-1 and Plate 12-2 respectively. 

Due to the limited spatial coverage of groundwater sampling locations, all groundwater wells 
from each respective AEC were used to calculate an average concentration, including both dry 
weather and wet weather sampling events.  As a sensitivity analysis for AEC A and AEC C, the 

                                                      
 
6 Based on average of the ranges of values for sand (25% to 50%), clay (40% to 70%) and sandstone (5% to 

35%) as per (Weight, 2001). 
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average concentration was calculated using the groundwater wells within the portion of the AEC 
selected for the mass calculation. 

 
Plate 12-1 Lateral extent for mass calculation at AEC A, based on Figure 9-1 

 
Plate 12-2 Lateral extent for mass calculation at AEC C, based on Figure 9-6 

The average soil thickness was calculated from where bedrock was encountered. A second 
estimate of soil thickness was undertaken by using a depth of 3 m where rock was not 
encountered at the extent of drilling. 

A summary of the parameters used in the mass estimate calculations are presented in 
Table 12-1. 
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Table 12-1 Summary of parameters used for PFAS mass estimates 

Parameter AEC A AEC C AEC F^ 
Soil Concentration (mg/kg) – 95 % UCL 1.311 0.627 0.04 

Soil Concentration (mg/kg) – 95% UCL for part of AEC 1.208 0.0926 - 

PFAS concentration in groundwater (mg/L) – average 0.046 0.00061 0.0026 

PFAS concentration in groundwater (mg/L) – average 
for part of AEC 

0.0755 0.00132 - 

PFAS concentration in groundwater (mg/L) – maximum 
value 

0.188 0.00462 0.00471 

Concrete concentration (mg/kg) – 95% UCL 5.397 - - 

Area (m2) 34,500 112,500 1,250 

Average soil thickness (m) 1.73 2.11 3.0 

Average soil thickness (m) where bedrock encountered 0.99 0.8  
Note:  
(^) Average soil concentration based on four samples from this AEC, and soil thickness of 3 m assumed 
in the absence of rock not being encountered in the borehole. 

PFAS mass calculations in soil 

The approximate mass of total PFAS within the unsaturated soils at the three AECs was 
estimated and is summarised in Table 12-2. Figures detailing the extent of each of the AECs 
are show in Section 6 and Section 9. 

These estimates are considered to be approximate. In particular, they may overestimate the 
mass at depth (greater than 0.6  m bgl) because the depth concentrations used were those 
largely measured in the upper 0.6 m soil profile rather than throughout the full thickness of the 
soil profile. 

Table 12-2 Estimated mass (kg) of PFAS in soil with varying assumed bulk 
density and soil thickness 

Location AEC A AEC C AEC F 
Soil bulk density (kg/m3) 1,350 

sandy clay 
1,860 

clay 
1,350 

sandy clay 
1,860 

clay 
1,350 

sandy clay 
1,860 

clay 

For average soil 
thickness 

97.3 134 29.7 40.88 0.20 0.28 

For average soil 
thickness where 
bedrock encountered 

55.7 76.7 11.3 15.50 NA NA 

PFAS mass calculations in groundwater 

The approximate mass of total PFAS in groundwater was estimated for AEC A, AEC C and 
AEC F based on both the average and maximum groundwater concentrations. The outcomes 
are summarised in Table 12-3. The estimate was based on a contaminated water column 
thickness of 5 m. As a sensitivity analysis, the assumption of the contamination decreasing by 
an order of magnitude below 2 m has also been calculated. 
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Table 12-3 Mass calculations in groundwater (kg) 

Variable -
water 
column 
thickness 

AEC A AEC C AEC F 
Average Average 

(Part of 
AEC) 

Max Average Average 
(Part of 
AEC) 

Max Average Max 

Water 
column – 
5 metres 

3.0 4.9 12.0 0.13 0.28 0.96 0.006 0.01 

Water 
column – 
2 metres 

1.2 1.9 4.8 0.05 0.11 0.38 0.002 0.004 

PFAS mass calculations in concrete 

The approximate mass of total PFAS in concrete was estimated for AEC A and is summarised 
in Table 12-4. The estimate was based on the known concrete hardstand area within the 
training area of AEC A (with the building footprints excluded), which accounts for approximately 
3,780 m2. 

The bulk density of normal concrete is approximately 2,400 kg/m3 however can be up to 
3,000 kg/m3 for more heavy duty concrete mixes. Both these values have been used for 
comparison. 

Table 12-4 Mass calculations in concrete (kg) 

Variable - Bulk Density (kg/m3) AEC A 
2,400 kg/m3 11.26 

3,000 kg/m3 14.08 

12.4 PFAS properties 

Each PFAS compound behaves slightly differently in the environment depending on the length 
of the fluorinated carbon chain and the alkyl group. For example, longer chain PFAS are less 
soluble and can sorb to soil particles more readily than shorter PFAS. This means longer chain 
PFAS may remain in the soil near a source area for longer periods than the more soluble and 
mobile shorter chain PFAS. 

PFCAs tend to be more soluble than their PFSA equivalents. For example PFOA (a PFCA) has 
a solubility of approximately 2,290-4,340 mg/L compared to PFOS (a PFSA) which has a 
solubility of approximately 570 mg/L. 

The salinity of the groundwater and surface water can affect solubility, adsorption and migration. 
For example, PFOS solubility is at least one order of magnitude less soluble in sea water 
compared to freshwater. This means that PFAS can preferentially partition to sediments upon 
entry to a saline water body. 

The salinity of groundwater at the two main source areas at JBRF (RAN SSSS and the former 
FFTA) indicated predominantly fresh conditions in the inferred groundwater recharge area near 
JBRF and along most of the flow path, with more brackish groundwater closer to the coast. 
Average TDS values for JBRF and HMAS Creswell were 720 and 239 mg/L, respectively. This 
suggests salinity will not have a major impact on PFAS migration over most of the site. 
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Some PFAS compounds are considered to be volatile such as N-EtFOSE (which degrades to 
PFOS), telomer alcohols and sulphonamide alcohols. These compounds can be lost to some 
extent through volatilisation but are not major components of fire-fighting products. Therefore, 
vapour inhalation is not considered a major exposure route for human health. 

PFAS are resistant to degradation. What degradation they do undergo is usually at the alkyl 
group end while the fluorinated chain is essentially inert and un-reactive. This degradation is 
typically faster in aerobic than anaerobic conditions. It is not expected that degradation of any 
poly-PFAS at the site will result in significant attenuation of per-PFAS. 

12.5 Sorption 

As PFAS compounds have a hydrophobic fluorinated chain and a hydrophilic alkyl group, their 
sorption behaviour is complex. Sorption occurs through two main mechanisms: 

 Hydrophobic sorption – this is where PFAS is adsorbed by other organic matter in the soil. 
Hence, soils with higher TOC can sorb more PFAS than soils with low TOC. Both natural 
organic matter and petroleum hydrocarbons, where present, will contribute to TOC in soils. 

 Electrostatic sorption – this is where the dissolved PFAS (predominantly an anion) is 
attracted to positively charged surfaces through electrostatic attraction. The ability of 
particular minerals in the aquifer matrix to sorb PFAS depends on the pH of the 
environment. This is a concept known as Point of Zero Charge as displayed in Plate 12-3. 
AFFF and other fire-fighting products generally contain PFAS as a salt of potassium, 
sodium, etc. As the PFAS dissolves into water from the AFFF, the potassium dissociates 
from the molecule and forms a potassium cation and leaves a negatively charged PFAS 
molecule (anion) which can be attracted to positively-charged mineral surfaces. 

 Quartz is the main mineral phase in beach sands. It will have a positive surface charge and 
attract anions when the pH of the environment is <2.9, but there will be much less 
adsorption at higher pH. Therefore, the major component of the upper aquifer at the site 
(quartz) is not likely to act as a sorption site for PFAS. Quartz sands with little organic 
matter are not likely to attenuate PFAS migration other than through dispersion. 

 
Plate 12-3 Point of zero charge for common minerals 
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Clays and many minerals tend to have a net negative charge that acts to repel anions. 
However, in the presence of high concentrations of divalent ions (e.g., Ca2+) this can be 
overcome as the Ca2+ can act as a bridge between the mineral surface and the anion. Therefore 
where clays are abundant, such as weathered bedrock or sandy clays, they may act as sorption 
sites for PFAS if Ca2+ or other divalent ions are present in sufficient concentrations. Otherwise, 
clays will only attenuate dissolved PFAS by their natural low permeability. 

Analysis of samples for TOC and metal ions combined with the physico-chemical setting of the 
site can therefore assist in assessing sorption mechanisms and therefore attenuation 
mechanisms that might restrict PFAS migration. 

12.6 PFAS precursors 

A parent product (e.g., AFFF) may contain a number of complex PFAS compounds that can 
degrade to “terminal” PFAS compounds such as PFOS and PFOA. Terminal compounds (or the 
perfluoroalkyls) are those that do not degrade further. 

Complex precursor compounds are often not analysed for by laboratories, but can contribute to 
an increased PFAS load than is indicated by standard PFAS analysis. The degradation 
(transformation) of precursors may occur relatively quickly and the older the impact, the less 
likely we are to see further increases of measurable terminal PFCAs and PFSAs through this 
mechanism. Therefore, it is envisaged that most transformations that could occur in ambient 
conditions at the site have likely already occurred, particularly at RAN SSSS and the former 
FFTA. 

12.7 Aquifer influences 

While PFAS compounds are very stable and do not biodegrade readily and will often migrate 
rapidly in groundwater, their rate of migration can be attenuated by the properties of the soil and 
aquifer, other than those mechanisms of sorption and solubility contrasts in varying water 
salinity discussed above. 

The permeability of the soils determines the rate of vertical and horizontal migration. For 
example, sandy soils such as those seen around most of HMAS Creswell and overlying the 
basement rocks at JBRF are likely to result in more rapid migration and little attenuation 
compared to the less permeable basement rocks. This is however, somewhat dependent on 
hydraulic gradients. 

Hydraulic gradient is the driving force of groundwater flow (and accompanying dissolved 
contaminants), and therefore, low hydraulic gradients will restrict the rate of migration. 
Groundwater hydraulic gradients are generally relatively high i.e., 0.01 to 0.03 m/m for the 
overburden upper aquifer. Hydraulic gradients in the basement rocks have not been assessed. 
This suggests a relatively strong driving force for vertical and horizontal groundwater migration 
in the upper aquifer. 

Hydraulic conductivity testing at the site estimated values of 0.212 m/day and 0.061 m/day for 
the overburden upper aquifer and lower bedrock aquifer, respectively. This confirmed the lower 
permeability of the basement rocks. An estimate of <1 to 2 m/year was made for the average 
linear velocity through the upper aquifer. This means a particle of water would take 
approximately 500 to 1,000 years to travel 1 km, assuming unchanging conditions and a 
completely homogenous aquifer, however this does not take into account preferential pathways 
such as the sewer network and bedrock fractures would could result in reduced travel times. 
Dissolved contaminants are subject to some attenuation (albeit low in the case of some PFAS) 
and would therefore not migrate at the same rate as groundwater. 
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Interactions between surface water bodies and groundwater are important as both can 
potentially contribute contamination to each other, depending on the setting. For example, a 
contaminated losing stream may contribute contamination to an aquifer whereas a gaining 
stream may be impacted by contaminated groundwater discharge. This can also vary along the 
course of the stream. This has been discussed in detail in (GHD, 2018d), and summarised in 
Section 11, which suggested the streams will generally be gaining streams across the plateau 
as they receive water from the shallow sand aquifer systems. There will be potential for losing 
streams to develop within steeply incised valleys although surface water runoff in these areas 
can be expected to be rapid and potential for losses to groundwater reduced. Discharge in 
areas of exposed jointing and fracturing from the bedrock aquifer system may also result in 
small gains in flows. The streams would then be expected to become gaining streams again in 
lowland coastal areas as discharge from the deeper bedrock aquifer occurs. 

It is critical to the understanding of PFAS fate and transport to understand these parameters 
and how they vary across the site. Soil and groundwater sampling across the site provided this 
information. 

12.8 Other migration mechanisms 

Of particular importance to PFAS migration at the site is the presence of sewage infrastructure 
that links JBRF to the STP at HMAS Creswell. Effluent, groundwater and surface water from fire 
training grounds can enter sewers and migrate rapidly via this mechanism, effectively 
short-circuiting slower groundwater migration. 

Upon entry to the STP, the effluent is treated and ultimately pumped to a retention dam where it 
is utilised for irrigation, notably at the nearby golf course. During periods of high rainfall, effluent 
in the STP may discharge directly to Jervis Bay, although this is understood to infrequently 
occur (refer to Section 4.3.7). 

12.9 Discharge zones 

Apart from discharging groundwater into gaining streams, groundwater will discharge ultimately 
into the marine environment at Jervis Bay to the north and Wreck Bay to the south. This is 
complicated by the presence of an estuarine creek located at Captains Lagoon between Jervis 
Bay and the STP area. This creek also directly receives runoff from streams originating from 
JBRF. 

Discharge of fresh groundwater into a saline marine or estuarine environment involves a large 
change in the geochemistry of the waters. The higher salinity of the marine and estuarine 
environment can lead to a large drop in PFAS solubility and the partitioning of PFAS from the 
water column into marine/estuarine sediments. The presence of a saline wedge and possibly an 
upper saline plume near the coast (caused by tidal influences) can also push the freshwater 
discharge zone further out into the bay. A model of this effect was produced by Kuan et al. 
(2012) and a figure from that publication is reproduced here as Plate 12-4. 
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Plate 12-4 Modelled influences of tides on coastal aquifers (Kuan, et al., 

2012) 

12.10 Site specific fate and transport 

12.10.1 Source characterisation 

Based on the outcomes of the DSI, the primary sources of PFAS are related to firefighting 
training activities involving the use of AFFF at JBRF and its storage/use at the fire station at 
HMAS Creswell. It is noted that the HMAS Creswell STP is a secondary source of 
contamination from these activities. 

A summary of the various PFAS compounds present in soil at each of the main source areas 
(AEC A, AEC C and AEC F) is provided in Table 12-5. 
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Table 12-5 Breakdown of PFAS occurrence in soil in the three main source areas 

PFAS 

 

Carbon 
chain 
length* 

AEC A (RAN SSSS) AEC C (former FFTA) AEC F (Creswell fire station) 

No. of 
detects 

Average 
Detect 

Maximum 
detect 

No. of 
detects 

Average 
Detect 

Maximum 
detect 

No. of 
detects 

Average 
Detect 

Maximum detect 

Fluorotelomers 

6:2 FtS 6 10 0.0016 0.0032 2 0.0014 0.0019 2 0.0039 0.0056 

8:2 FtS 8 9 0.0015 0.003 1 0.0026 0.0026 1 0.0083 0.0083 

10:2 FtS 10 9 0.0008 0.0017 1 0.0069 0.0069 1 0.0018 0.0018 

Perfluoroalkyl sulphonates (PFSA) 

PFBS 4 52 0.0021 0.0472 10 0.0006 0.0011 1 0.0003 0.0003 

PFPeS 5 52 0.084 0.201 22 0.0014 0.0063 1 0.0002 0.0002 

PFHxS^ 6 96 0.063 2.71 48 0.017 0.241 3 0.002 0.0046 

PFHpS 7 71 0.0102 0.289 18 0.0056 0.0548 1 0.0003 0.0003 

PFOS^ 8 97 0.458 14.6 46 0.158 3.2 4 0.019 0.0372 

PFDS 9 52 0.006 0.0838 14 0.0017 0.0048 2 0.015 0.027 

Perfluoroalkyl carboxylates (PFCA) 

PFBA 3 5 0.0058 0.015 0 NA NA 1 0.001 0.001 

PFPeA 4 19 0.0033 0.03 1 0.0018 0.0018 3 0.0022 0.0043 

PFHxA 5 86 0.0129 0.563 38 0.0028 0.0177 3 0.0009 0.0013 

PFHpA 6 46 0.003 0.055 11 0.00096 0.0038 3 0.0009 0.0014 

PFOA^ 7 79 0.0086 0.345 21 0.0027 0.0185 4 0.0006 0.0013 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 256 

PFAS 

 

Carbon 
chain 
length* 

AEC A (RAN SSSS) AEC C (former FFTA) AEC F (Creswell fire station) 

No. of 
detects 

Average 
Detect 

Maximum 
detect 

No. of 
detects 

Average 
Detect 

Maximum 
detect 

No. of 
detects 

Average 
Detect 

Maximum detect 

PFNA 8 13 0.0007 0.0024 1 0.0002 0.0002 2 0.0012 0.0016 

PFDA 9 19 0.0009 0.0048 4 0.0004 0.0006 2 0.0009 0.0016 

PFUnDA 10 9 0.0007 0.0021 0 NA NA 3 0.00067 0.0011 

PFDoDA 11 5 0.0003 0.0004 1 0.0003 0.0003 1 0.0009 0.0009 

PFTrDA 12 1 0.0002 0.0002 0 NA NA 1 0.0003 0.0003 

Sulphonamides and sulfonamidoacetic acids 

FOSA 8 27 0.0022 0.0193 5 0.001 0.0024 2 0.004 0.0049 

(EtFOSAA) 8 5 0.0022 0.0048 1 0.0008 0.0008 0 NA NA 

(MeFOSAA) 8 5 0.0025 0.0062 1 0.0004 0.0004 0 NA NA 

Notes: 
* Completely fluorinated (saturated) carbons. 
^ Published criteria available for PFOS+PFHxS, PFOS, and PFOA. 
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The breakdown of results in Table 12-5, and mass estimates in Section 12.3 indicate that: 

 The RAN SSSS area contained higher total PFAS mass than the former FFTA for both soil 
and groundwater, generally by an order of magnitude. Both contained higher total PFAS 
mass in soil than the fire station. 

 The mass of PFAS is estimated to be between one to two orders of magnitude higher in soil 
when compared with the dissolved phase estimate (i.e., in groundwater) 

 The estimated mass of total PFAS in concrete at RAN SSSS is similar to the soil mass 
across the former FFTA, and is also comparable to the mass in dissolved phase at the 
RAN SSSS. 

 PFOS and PFHxS were the dominant species in soil at the RAN SSSS and FFTA, which 
suggests an older (legacy) AFFF was used predominantly at these source sites. There is 
no evidence from this data to suggest each AEC used different products. 

 PFOS and PFDS were the dominant species at the fire station. Given the low number of 
detects, it is difficult to make assumptions about former products other than a PFOS-based 
product has been used at this area as well as a FtS product. 

 Fluorotelomers were generally low with respect to PFSA and PFCA compounds at all 
source areas. However their presence may suggest minor use of a FtS product in these 
areas.  

 The estimated mass of total PFAS applied to the bushfire to the north of RAN SSSS during 
the 2017 fire fighting operations was several orders of magnitude lower than the estimated 
mass in this area from historic operations. 

 Concentrations of PFAS were lower at the fire station which is likely to reflect the lack of a 
significant discharge mechanism at this location. 

 The PFAS signature for the fire station area is slightly different to the other two areas with 
FOSA and PFPeA being the dominant non-PFSA species compared to PFOA and PFHxA 
at the other two source areas. However, we note that fewer analyses were available for the 
fire station which may bias the results. 

The results confirm that the RAN SSSS (AEC A) and FFTA (AEC C) are the main primary 
sources of PFAS contamination at the site. The fire station (AEC F) also contributes PFAS to 
the broader Investigation Area but to a lesser extent than the other two areas. 

The data also seem to indicate a firefighting product that has left a slightly different signature at 
the fire station compared to the other two areas. 

12.10.2 Geochemistry 

As discussed above, sorption and solubility are significant controllers of PFAS migration. 

TOC in the soil is low with average TOC in the main source zones of 0.8% at AEC A, 0.9% at 
AEC C and 1.6% at AEC F (although this represents the average of only four samples). When 
using the combined soil data from across the site, there was no obvious linear relationship 
between TOC and PFAS. However, there was a trend that indicated a decrease in PFAS 
concentration with depth (albeit based on two vertical depths) by, often, an order of magnitude. 
This was usually accompanied by a decrease in TOC. This may suggest some ability of the soil 
to hold PFAS by hydrophobic interactions with TOC in shallower levels where more organic soil 
material is present. 
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The sediment data indicated a higher number of detects and concentrations of PFSAs 
compared to PFCAs. This reflects a similar split in the soils from the site source areas. The 
sediments did display a more obvious relationship between increasing TOC and increasing 
sediment PFAS concentration as shown in Plate 12-5. 

 
Plate 12-5 TOC vs. PFSA in sediment data from two areas 

The groundwater pH ranged from approximately 4 to 9. The higher concentrations of PFAS in 
groundwater fell within a pH range of approximately 5 to 8. Given the dominant mineral phase in 
the sands is likely to be quartz, this pH range is not conducive to electrostatic sorption. Common 
minerals that might be expected to sorb anions within this pH range include boehmite, 
haematite, goethite, Fe(OH)3 and calcite. 

The TDS of the groundwater is generally fresh with minor brackish conditions. This salinity 
range does not suggest enough contrast to create salting out effects that might reduce PFAS 
solubility until they discharge into the marine or estuarine environment. 

The data suggest that the relative concentrations of PFAS in the soil and groundwater is largely 
related to proximity to the source area. In other words, the highest concentrations are proximal 
to the source areas whereas lower concentrations occur more distal to the sources. 

12.10.3 Migration and discharge through natural systems 

A component of windborne dispersal of PFAS arising from the use of legacy AFFF during 
historical fire training exercises at the RAN SSSS (AEC A) and FFTA (AEC C) is expected to 
have occurred. This is typical of most PFAS contaminated fire training areas where a 
decreasing halo of PFAS emanating radially from the fire training pad is usually evident in 
surface soils. The lateral extent of the source area investigations at these areas were 
considered to be wide enough to have delineated any PFAS contamination having migrated via 
wind dispersion shortly after its primary release. 

Beyond this, migration of PFAS from the source areas via natural systems can occur in three 
main media: 

 Surface water 

 Groundwater 

 Sediments in drainage features. 

PFAS compounds can mobilise from soils and hardstand areas during rain events and flow 
overland via drainage routes. There are a number of drainage channels or creeks draining the 
main source areas near JBRF (refer to Section 4.2). The ultimate discharge point of surface 
water and sediment in these creeks is either Jervis Bay to the north or Wreck Bay to the south. 
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A series of surface water and sediment samples were taken along the length of one of the main 
creeks (Captains Lagoon) that drains the JBRF area. This creek discharges into an estuarine 
creek near Captains Lagoon which in turn discharges into Jervis Bay (although notably at the 
time of sampling, Captains Lagoon was closed to the sea except during unusually high tide and 
during storm events). A plot of total PFSA and total PFCA against surface water TDS for this 
reach is provided in Plate 12-6, with onsite up gradient locations shown in the left portion of the 
plots, with increasing distance along Captains Lagoon corresponding to the Jervis Bay results. 

 

 

 

 

Plate 12-6 Changes in PFAS surface water concentration along Captains 
Lagoon. Source area on the left and Jervis Bay area on the right. 
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The plots presented in Plate 12-6 show a general increase in TDS towards the discharge area 
from freshwater at the source. For PFSAs, there is an inverse relationship between TDS and 
PFSA concentration along the pathway. Upon discharge, PFSAs have essentially disappeared 
as the TDS of the surface water (Jervis Bay) increases to levels in excess of typical sea water 
concentrations. A similar pattern is observed for PFCAs, apart from some concurrent increases 
and decreases near the mouth of the estuarine creek. Once in the waters of Jervis Bay, there 
are no longer detectable PFAS. Assessment of the sediment data along the same reach also 
reveals some relationship between TOC and PFAS. A graphical representation of this 
relationship is presented in Plate 12-7. 

 
Plate 12-7 Changes in PFAS sediment concentration along Captains Lagoon. 

Source area on the left and Jervis Bay area on the right 

Plate 12-7 shows a strong relationship between PFSA and TOC. Total PFCAs are generally 
below laboratory LORs or at very low concentrations in the sediment. These features might 
reflect the primary source concentrations of these PFAS groups (as discussed in 
Section 12.10.1) and/or the relative solubilities and sorption capacities of the groups, noting that 
PFSAs are generally less soluble than PFCAs. 

The fate of the PFAS in the discharge area is less clear..  At ocean discharge points, the 
elevated salinity typically causes PFAS to drop out of the water column and sorb to the seafloor 
sediments around the outfall area. This does not appear to be the case for Jervis Bay and 
probably reflects the lower organic carbon content of the sediments, offering fewer binding sites 
for PFAS. Under these conditions PFAS is instead expected to be more broadly dispersed and 
diluted about the seafloor. 

A similar pattern is seen on the Wreck Bay side of the site, which drains the main source areas 
of JBRF via Mary Creek. A plot of total PFSA and total PFCA against surface water TDS for this 
reach is provided in Plate 12-8, and a graphical representation of the relationship between TOC 
and PFAS within sediment is presented in Plate 12-9.  
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Plate 12-8 Changes in PFAS surface water concentration along Mary 
Creek. Source area on the left and Wreck Bay area on the right 
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Plate 12-9 Changes in PFAS sediment concentration along Mary Creek. 

Source area on the left and Wreck Bay area on the right 

The plots for Mary Creek show the surface water is generally fresh (<500 mg/L TDS) along the 
length of the creek and its tributaries from the source area until the shoreline, where it increases 
rapidly to saline water (up to 48,600 mg/L TDS) in Wreck Bay. With the exception of results for 
surface water locations AB_SW05 and AB_SW06 (at between 260 and 300 m from the top of 
the catchment), there is an inverse relationship between TDS/PFSA and TDS/PFCA 
concentrations along the pathway. In other words, higher TDS occurs with lower PFAS. While 
this suggests a causal effect, PFAS generally decreases in both surface water and sediment 
with distance from the source. PFAS in surface water also varied concurrently with PFAS 
concentrations in sediment samples at those locations – this effect was more obvious in PFCAs 
compared to PFSAs. This suggests a more complex relationship between water and sediment 
chemistry and PFAS distribution where PFAS in the water is approximately proportional to the 
PFAS in sediments. As per Captains Lagoon, upon discharge, PFSAs and PFCAs have 
essentially disappeared as the TDS of the surface water (Wreck Bay) increases to levels in 
excess of typical sea water concentrations. Once in the waters of Wreck Bay, there are no 
longer detectable PFAS, and is instead expected to be more broadly dispersed and diluted 
about the seafloor.  
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12.10.4 Contaminant mass flux estimates 

Surface water 

The results of the stream flow monitoring (Appendix B) have been used with the surface water 
monitoring results for both dry and wet weather events to estimate the flux of PFAS along the 
key surface water pathways. Where more than one stream flow monitoring event was 
undertaken at a location, the flux estimate has been made using multiple discharge values. The 
two event types that have been considered are discussed below: 

 Dry weather – defined as the absence of significant rainfall in the week prior to monitoring. 
Data from post-wet weather event monitoring (approximately 3 to 5 days following a wet 
weather event) have also been included in this event type. 

 Wet weather – results considered representative of the stream following a rainfall event 
(> 25 mm in a 24-hour period) for a period of approximately 24 to 48 hours. 

The mass flux estimates for surface water are summarised in Table 12-6, Table 12-7, and 
Table 12-8. 

The results of the surface water monitoring during dry and wet weather events shows no 
consistent trend, with wet weather results found to be either consistent, lower or higher when 
compared to dry weather.  It is not possible, based on the data set (i.e. a single dry weather and 
single wet weather result per location), to determine the basis for the variability in results. 
However, the variability may be due to: 

 Mobilisation of a 'slug' of impacted water from source areas (e.g. RAN SSSS) and into a 
migration pathway (e.g. Mary Creek) following wet weather events, which could explain 
instances where wet weather s were elevated in relation to the dry weather results. 

 Dilution as a result of wet weather, which could explain instances where dry weather results 
were elevated in relation to wet weather results.   

These two possibilities are likely to be dependent on the distance from the nearest source area, 
and the time of sampling following a rain event. Additional sampling to determine the 
attenuation time of PFAS in surface water features - in particular following wet weather events - 
would be required to understand this relationship further. 
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Table 12-6 Summary of PFAS mass flux estimates for Flat Rock Creek 

Stream 
flow 
location 

Surface water 
location ID 

Total PFAS (µg/L) Event type Discharge 
(m3 / sec) 

Flux 
(g/day) 

Dry Wet Min Max Min Max 

FC01 FC_SW06 0.27 - Dry weather 0.0049 N/A 0.12 N/A 

Wet Weather 0.012 0.057 0.28 1.3 

FC02 FC_SW10 0.032 - Dry weather No flow - - 

Wet Weather No flow 0.00059 - 0.0016 

FC03 FC_SW05 0.12 0.25 Dry weather 0.0027 0.013 0.027 0.13 

Wet Weather 0.028 0.032 0.6 0.7 

FC04 FC_SW05 0.15 0.25 Dry weather No flow - - 

Wet Weather No flow - - 

FC05 FC_SW04 0.17 0.18 Dry weather 0.018 0.084 0.26 1.23 

Wet Weather 0.039 0.11 0.6 1.7 
Notes: 
FC01 and FC02 - No wet weather surface water result available, dry weather results have been used. 
FC04 - the average concentration of FC_SW05 (taken 20/04/2017) and FC_ES01_SW_180222 (taken 22/02/2018) was utilised for the dry weather due to these samples being the 
closest upstream and downstream locations to FC04. FC_SW05_180430 collected on 30/04/2017 was selected for the wet weather sample. 
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Table 12-7 Summary of PFAS mass flux estimates for Captains Lagoon 

Stream 
flow 
location 

Surface Water 
Location ID 

Total PFAS (µg/L) Event type Discharge 
(m3 / sec) 

Flux 
(g/day) 

Dry Wet Min Max Min Max 

CL01 CL_SW09 1.58 1.48 Dry weather 0.0005 0.024 0.07 3.3 

Wet Weather 0.045 0.11 5.8 14 

CL02 CL_SW08 0.38 0.80 Dry weather 0.0011 0.0068 0.04 0.22 

Wet Weather 0.018 0.068 1.2 4.7 
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Table 12-8 Summary of PFAS mass flux estimates for Mary Creek 

Stream 
flow 
location 

Surface Water 
Location ID 

Total PFAS (µg/L) Event type Discharge 
(m3 / sec) 

Flux 
(g/day) 

Dry Wet Min Max Min Max 

MC01 MC_SW03 N/A 0.015 Dry weather No flow - - 

Wet Weather No flow 0.003 - 0.004 

MC02 MC_SW03  N/A 0.015 Dry weather No flow - - 

Wet Weather No flow 0.001 - 0.001 

MC03 MC_SW03 N/A 0.015 Dry weather No flow - - 

Wet Weather No flow 0.03 - 0.04 

MC04 MC_SW03 and 
MC_SW11 

0.04 3.8 Dry weather No flow 0.014 - 0.05 

Wet Weather No flow 0.14 - 46 

MC05 MC_SW01 1.9 5.2 Dry weather 0.0045 0.017 0.7 2.8 

Wet Weather 0.034 0.079 15 35 
Notes: 
MC01 – It is noted that MC_SW03 is not immediately located near MC01, but was the closest location where wet sample data was available. 
MC02 – It is noted that MC_SW03 is not immediately located near MC02, but was the closest location where wet sample data was available. 
MC04 - Surface water sample location MC_SW03 collected on 23/03/2018 was utilised for dry weather sample. An average of the concentrations from MC_SW03 and MC_SW11 
both collected on 30/04/2018 was utilised for the wet weather sample data. Note that the MC_SW11 results were significantly higher than the MC_SW03 results. Only 4 streamflow 
monitoring events occurred at MC04. 
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Groundwater 

With reference to the groundwater model (Appendix C) and the particle tracking undertaken in 
the model, estimations with the model were made with regards to groundwater discharges to 
surface water for the three main source areas (AEC A, AEC C, and AEC F). Discharge 
parameters are summarised in Table 12-9. 

Table 12-9 Groundwater discharge parameters for source areas 

Source 
Area 

Total 
discharge 
flow (m3/day) 

Discharge release locations (percentage of total discharge) 
Flat Rock 
Creek 

Mary Creek Captains 
Lagoon 

Jervis Bay 

AEC A 32 6 90 4 0 

AEC C  56 26 0 74 0 

AEC F 3.4 0 0 0 100 

On the basis of the above, mass flux estimates were undertaken for the identified groundwater 
discharge pathways, based on both the maximum observed groundwater concentrations in each 
AEC (wet or dry weather) and also the average groundwater concentration (dry weather) as 
summarised in Table 12-1. 

The mass flux estimates for the three source areas and the identified pathways are summarised 
in Table 12-10 and Table 12-11 for both maximum groundwater and average groundwater 
concentrations respectively. 

Table 12-10 PFAS mass flux in groundwater - maximum groundwater 
concentrations 

Source 
Area 

PFAS Flux (g/day) 
Flat Rock Creek Mary Creek Captains Lagoon Jervis Bay 

AEC A 0.36 5.4 0.24 - 

AEC C  0.067 - 0.19 - 

AEC F - - - 0.016 

Table 12-11 PFAS mass flux in groundwater - average groundwater 
concentrations 

Source 
Area 

PFAS Flux (g/day) 
Flat Rock Creek Mary Creek Captains Lagoon Jervis Bay 

AEC A 0.058 0.86 0.038 - 

AEC C  0.009 - 0.024 - 

AEC F - - - 0.009 
 

Sewer network 

As discussed in the Sewer Network PFAS Investigation Report (Appendix N), monitoring events 
were undertaken at off-peak times of day to better assess the influence of ingress of 
contaminated groundwater, and not PFAS contamination in sewerage. As the sewer network 
was active, it was not possible to accurately assess the flow rates of groundwater across the 
majority of the network. Commentary in the Sewer Report on flows was only qualitative (e.g., no 
flow’, ‘minimal flow’, ‘high flow’, etc.) to indicate the sewer network activity, with the exception of 
location STP34a on 7 December 2017, where ingress of groundwater was estimated at 1 L/min, 
based on flows in the concrete riser above the sewer main. 



 

GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 268 

For the purposes of estimating flux, and based on the above mentioned flow observation, a 
range of flow rates has been assumed for each of the qualitative assessments in the 
aforementioned report: 

 Low / minimal flow – 0.25 to 1 L/sec 

 Medium flow – 1 to 5 L/sec 

 High flow – 5 to 10 L/sec 

Estimations of mass flux within the sewer network have been undertaken at selected monitoring 
locations as follows: 

 STP07 – locations are immediately down gradient of AEC A (RAN SSSS). Two monitoring 
events have been included, with results from the 7 December 2017 event following a period 
of wet weather, and likely indicative of a period of higher groundwater / surface water 
ingress. 

 STP34a – JBRF, down gradient of AEC A, however as monitoring was from ingress of 
groundwater only, the mass flux does not take into account up gradient sources. 

 STP35 – Sub main located in JBRF to the east of AEC C and the mass flux does not take 
into account up gradient sources (i.e. AEC A). 

 STP03 – this portion of the sewer main is considered representative of the southern portion 
of HMAS Creswell, including AEC F (fire station). 

 STP01 & STP 41 – flow through this portion of the sewer network is from the northern 
portion of HMAS Creswell, with no contribution from JBRF. 

 STP02 – this is representative of the majority of the sewer network, with the exception of 
the northern portion of HMAS Creswell (addressed by STP01 above). 

The estimated mass flux for total PFAS across the sewer network are summarised in 
Table 12-12. 

Table 12-12 Summary of PFAS mass flux in sewer network 

Sewer 
monitoring ID 

Date Total PFAS 
(µg/L) 

Flow Discharge 
(L/sec) 

Flux (g/day) 

STP07 12/09/2017 20 Minor 0.25 0.4 

1 1.7 

STP07 7/12/2017 36.8 Minor 0.25 0.8 

1 3.2 

STP35 7/12/2017 4.08 Low 0.25 0.09 

1 0.4 

STP34a 7/12/2017 13.6 N/A 0.01 0.01 

STP03 12/09/2017 0.41 Medium 1 0.04 

5 0.18 

STP02 12/09/2017 1.23 High 5 0.5 

10 1.1 

STP01 12/09/2017 0.005 Medium 1 0.0004 

5 0.002 
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Irrigation of treated effluent 

Based on the data available at the time of this report with regards to reuse of water from the 
treated effluent pond for irrigation, there is a high level of uncertainty regarding rates of use. An 
assessment of mass flux from the STP to the treated effluent pond has however been 
undertaken based on the following approach: 

 Source concentration – The average of total PFAS concentration for the STP (AEC G) of 
1.2 µg/L has been adopted. It is noted that this is consistent with the inflow concentration 
from the Sewer Network PFAS Investigation (location STP02 - April 2017) (GHD, 2018c) 
and is therefore considered a reasonable estimate. 

 Water discharge - The inflow volume from April 2017 as presented in Appendix D of the 
Sewer Network PFAS Investigation, which is from the same time as the above mentioned 
samples, has been used. It is noted that the total inflow for this month of 9,736 KL, was 
higher than other months (likely a result or rainwater ingress into the sewer main), however 
as the monitoring of PFAS concentration was undertaken at the same time, the use of this 
data is considered suitable for the purposes of estimating the mass flux. It is assumed that 
there is no water loss to evaporation at both the STP and the treated effluent pond, which is 
considered conservative. 

Based on the above, a flux rate via irrigation has been estimated at 0.4 g/day. 

It is further noted that the above does not take into account PFAS sorption to solids in the STP 
and sediments within the treated effluent pond which is likely conservative. 

12.10.5 Implications for the CSM 

The results of this investigation and the observations and assumptions made above have 
implications for the assessment of risk and the prioritisation of contamination management 
actions. In summary, the following points are noted: 

 Each of the source areas have soil, sediment and groundwater contamination in their 
immediate vicinity. The PFAS composition in the JBRF areas is similar and suggests one 
dominant AFFF product. 

 The fire station is a minor source of PFAS and may have used a different product than used 
at JBRF. 

 PFSAs (notably PFOS and PFHxS) are the dominant PFAS group in all source areas with 
PFOS as the dominant species. 

 Potential precursor compounds (FtSs and perfluorooctane sulphonamides) were generally 
absent or at very low concentrations suggesting either they were originally a minor 
component of the firefighting products or they have undergone some transformation already 
(or both). This further suggests that if transformations have occurred, they did so in the 
early stages of release to the environment and the chemicals observed currently are not 
likely to change in their relative abundance other than through other attenuation 
mechanisms such as sorption. 

 Soil contamination is generally closely spatially associated with the source areas and 
decreases rapidly with distance. 

 Soil PFAS concentrations tend to decrease with depth suggesting the soils have some 
attenuation capacity. There was some indication of sorption to TOC, although present in 
relatively low concentrations. This relationship was perhaps greater in the sediments than 
in native soils. However, PFAS in soil will continue to be a secondary source of 
groundwater contamination, albeit a finite source. As mass decreases in the soil, the source 



GHD | Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 270 

will become depleted over time and lead to lower concentrations of PFAS in the source 
area groundwater. 

 The fresh groundwater in the source areas are optimal for PFAS dissolution and will carry
more PFAS mass than the more saline water down-gradient of the sources. Upon mixing
with more saline groundwater or surface water, the PFAS ‘carrying capacity’ of the
groundwater will decrease.

 Upon discharge to the marine environment, PFAS concentrations are subject to large
dilution effects in the water column and a decrease in sediment PFAS concentrations
probably due to erosion, burial and dispersion of the sediments in the dynamic marine
environment.

 Surface water poses a greater risk to offsite receptors than groundwater. Mass flux along
various creeks appears to be a substantially greater mode of PFAS discharge from source
areas than via groundwater. Of these, Mary Creek is the most significant off-site
contamination migration pathway from JBRF, with an estimated mass flux of total PFAS of
up to 46 g/day during wet weather.

 PFAS will discharge to surface waters but generally not remain in the water column where
TDS is at or above sea water concentrations. It is likely that the PFAS will adsorb to
sediments upon discharge to the estuarine and marine environments.

12.11 Lake Windermere and the JBT reticulated water supply 

Reticulated water for JBT is supplied by the Jervis Bay Water Treatment Plant which sources 
raw water from Lake Windermere. The water treatment process includes a system of sand 
filters, ozonation, activated carbon filters and chlorination. 

Sampling conducted as part of the DSI found trace concentrations of PFAS in Lake Windermere 
in some water and biota samples. The levels in the water samples (up to 0.0016 µg/L for sum of 
PFHxS and PFOS) were approximately 40 times less than the drinking water criterion (0.07 ug/L 
for sum of PFHxS and PFOS) and no PFAS compounds were detected in treated water 
samples. 

The results suggest that while there may be trace levels of PFAS in Lake Windermere, the 
concentrations are well below levels that would be of concern for human health, even if the raw 
water were to be consumed untreated. The activated carbon filtration stage of the water 
treatment process has demonstrated that these trace levels are reduced even further, noting 
again that PFAS was not detected at all in treated water samples. 

The investigation did not identify any significant contamination migration pathways from PFAS 
source areas that would put the Lake Windermere water supply at risk, and this is reflected in 
the results of the sampling. The trace concentrations of PFAS detected in Lake Windermere 
may have arisen from one or both of the following processes: 

 Groundwater migration via the deep aquifer - While Lake Windermere is not expected to be
in hydraulic connection with the upper aquifer (where the majority of the PFAS impacts to
groundwater have been detected), it may be in connection with the deeper bedrock aquifer.
Low concentrations of PFAS were detected in the deeper bedrock aquifer that may account
for some of the correspondingly trace levels of PFAS also detected in Lake Windermere.
The anticipated low hydraulic conductivity of the deeper aquifer, along with the very low
concentrations of PFAS detected, would be expected to restrict the flux of PFAS to the lake
via this pathway, and this is consistent with the very low levels detected.

 Catchment-wide surface water runoff - Trace levels of PFAS have been measured, or are
expected to be present, at trace levels in soil outside source areas across JBRF. This is
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true of most airfields with a history of AFFF use. The broader Jervis Bay Peninsula is also 
likely to have been subject to a range of historical fire-fighting activities that may have 
contributed to background levels of PFAS. In particular, bushfire-fighting activities are 
known to have occurred in the past at Bherwerre Ridge. Over time, trace levels of PFAS 
originating from the western side of JBRF may have migrated via surface water runoff to 
the western catchments and ultimately Lake Windermere. 

Understanding with certainty the source and migration mechanisms leading to the trace levels of 
PFAS in Lake Windermere is difficult given that the very low levels detected are within the range 
of laboratory and field-based sampling error, and there are no single obvious pathways from 
known PFAS source areas. However, the PFAS levels detected in Lake Windermere were 
approximately 40 times less than the drinking water criterion and PFAS was not detected in any 
samples of the treated water supply. On this basis the Jervis Bay reticulated water supply does 
not present an increased risk of exposure to consumers of potable water. 
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13. DQO study question assessment
A summary of findings relating to the questions posed in the project DQOs is provided in 
Section 13.1 and Section 13.2. 

It is noted that, while the DSI sampling regime was designed to answer the study questions 
detailed in Section 5.3, some of the DQO study questions are to be addressed as part of the 
HHERA and/or PFAS Management Area Plan (PMAP). These were: 

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

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

15. What ecological receptors are present within the conservation and native bushland areas
of the Investigation Area where PFAS has been identified?*

17. Have terrestrial ecological receptors been exposed to PFAS?*

18. Have aquatic (freshwater and estuarine) ecological receptors been exposed to PFAS?*

19. Have aquatic (marine) ecological receptors been exposed to PFAS?*

* Questions 15, 17, 18, and 19 have been initially characterised herein, however ecological
receptor linkages and the potential for risk to ecological receptors is under consideration
within the ERA.

Additional information in regards to the adopted assessment criteria and the analytical results as 
they relate to each AEC and migration pathway are provided in Section 7 and Section 9, 
respectively. 

13.1 AECs 

A summary of findings related to the questions posed in the project DQOs at the AECs is 
presented in Table 13-1. 
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Table 13-1 DQO study question assessment – AECs 

Problem statement Study question Summary of findings – AECs 

JBRF 

AEC A – RAN SSSS 

The RAN SSSS provides 
training to equip sea-going 
personnel with combat 
survivability skills including 
firefighting training. Whilst 
current firefighting training 
practices are conducted 
using PFAS free foams, 
historical firefighting 
practices used legacy AFFF 
containing PFAS. The RAN 
SSSS has been subject to a 
significant redevelopment to 
upgrade and enhance the 
training facilities. One 
specific feature of this 
upgrade was the design and 
implementation of onsite 
water treatment for 
firefighting foam. 

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

Surface water from AEC A drains into one of three catchments (Figure 4-4): Flat Rock Creek or Captains Lagoon 
to the north, or Mary Creek to the south. Generally, all surface water south of the RAN SSSS main road is 
considered to flow via open drains, culverts and topographical lows through bushland to converge to a culvert 
under the north/south runway towards AEC B to the south. Surface water to the north of the RAN SSSS dividing 
road and west of the administration building carpark is expected to flow northwest towards AEC C. Surface water 
east of the fire training ground concrete area is expected to flow northeast towards Captains Lagoon. For 
complete discussion, see Section 4.3.1. 
Soil samples from AEC A had concentrations ranging from below the LOR to a maximum of 17.8 mg/kg sum total 
PFAS (A_BH35). Generally, concentrations were greatest south of the RAN SSSS main road in the northern 
portion of the centre drainage channel towards AEC B (A_BH21, A_BH35 and A_MW03). PFAS concentrations 
were also identified in soils within the fire training area (however notably, all other locations within AEC A had 
concentrations of PFOS + PFHxS below 1 mg/kg) (Figure 9-1). PFAS concentrations across the area were less 
than the human health commercial/industrial scenario criterion, however were in excess of the indirect ecological 
criterion for commercial/industrial scenarios at 24 locations. It is noted that there is limited ecological habitat in this 
area and ecological receptors are expected to be transient in nature. 
Groundwater PFAS concentrations in AEC A were the highest reported during the investigation, with a maximum 
reported PFOS + PFHxS concentration of 169 µg/L at A_MW03 during wet weather sampling (Figure 9-3). This 
monitoring well was installed within the ephemeral drainage channel south of the RAN SSSS main road. 
Based on recorded concentrations, it is evident that PFAS has migrated offsite via the drainage channels to the 
north and south. Discussion of surface water and/or results is presented within the JBRF onsite drainage channel 
discussion (Table 13-2). 

7. What is the extent of
impact to concrete
hardstand within AECs A
and C which could be
acting as a secondary
source of ground and/or
surface water
contamination?

All concrete samples from AEC A had detectable concentrations of PFAS (Figure 9-2), indicating concrete could 
be acting as an ongoing secondary source of surface water and groundwater contamination. Notably, 
concentrations were generally low for PFOS + PFHxS, however a significant contribution of other PFAS (including 
PFHxA, PFHpA, and PFPeA) was observed. 

8. What is the extent of soil
impact within the AECs,
and what is the mass of
soil which could be acting
as a secondary source of

The extent of soil impact within AEC A is discussed in study question 1. PFAS in soil at AEC A is likely to be a 
secondary source of groundwater and surface water contamination. PFAS mass estimates for AEC A are provided 
in Section 12.3. 
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Problem statement Study question Summary of findings – AECs 

ground and/or surface 
water contamination?  

9. What is the interaction 
between groundwater and 
surface water across the 
Investigation Area, and 
what is the groundwater 
flow direction across the 
Investigation Area?  

Groundwater flow in the vicinity of AEC A is inferred to have a general radial pattern (Figure 8-1), with flow to the 
north, west and south. The results of the particle-tracking simulation performed as part of the Groundwater 
Modelling (Appendix C) indicated that approximately 30% of groundwater would be expected to discharge to 
surface water within the footprint of AEC A, with the remainder discharging to surface water within the southern 
headwaters of the Mary Creek catchment to the south west. 

 20. Are there fluctuations of 
PFAS concentrations 
within groundwater and 
surface water following 
wet weather events? 

Groundwater was sampled from A_MW03 during wet weather. Concentrations of PFAS during wet weather were 
approximately three times greater than those reported during dry weather (and the wet weather concentration of 
PFOS + PFHxS of 169 µg/L was the highest observed during the investigation). The results indicate that PFAS 
has a greater level of mobilisation from AEC A during wet weather events. 

AEC B – area adjacent to RAN SSSS, Mary Creek 

AEC B represents the 
headwaters of Mary Creek, 
and exists to the southwest 
of the north-south runway.  

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

AEC B receives surface water runoff from AEC A located to the northeast. Three main drainage lines transect 
AEC B before exiting JBRF to the south, primarily via Mary Creek. 
Soil samples from AEC B had PFAS concentrations ranging from below the LOR to a maximum of 1.52 mg/kg 
sum total PFAS (B_HA05, Figure 9-4). Generally, concentrations were greatest along the northern drainage 
channel. Notably, it does not appear that this drainage line is directly influenced by AEC A (Figure 9-4). PFAS 
concentrations across the area were less than the human health commercial/industrial scenario criterion, however 
were in excess of the indirect ecological criterion for commercial / industrial scenarios at one location. It is noted 
that these drainage channels are ephemeral and the ecological receptors are expected to be transient. 
The highest PFAS concentration in groundwater samples collected from AEC B was 0.15 µg/L, indicating 
groundwater migration to this area from AEC A is limited (Figure 9-5). 
Based on recorded concentrations, it is evident that PFAS has migrated from AEC A via the drainage channels 
and south through this AEC. Overall, PFAS impact was identified in all media sampled within AEC B, albeit at 
concentrations substantially lower than those recorded at AEC A.  

8. What is the extent of soil 
impact within the AECs, 
and what is the mass of soil 
which could be acting as a 
secondary source of 
ground and/or surface 
water contamination?  

The extent of soil impact within AEC B is discussed in study question 1. PFAS mass estimates within AEC B, 
regarded as a secondary source area, have not been made as the concentrations within this area in soil and 
sediment vary significantly and are expected to be governed by stream morphology. 
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Problem statement Study question Summary of findings – AECs 

 9. What is the interaction 
between groundwater and 
surface water across the 
Investigation Area, and 
what is the groundwater 
flow direction across the 
Investigation Area? 

Groundwater within AEC B is inferred to follow the regional topography, and flow to the south west towards Mary 
Creek and Wreck Bay (Figure 8-1). The results of particle-tracking simulation as part of the Groundwater 
Modelling (Appendix C), and site observation of the local topography indicates that surface water within AEC B is 
most likely a combination of overland flows from the southern portion of AEC A and groundwater migrating from 
AEC A discharging to surface water within the AEC. 

20. Are there fluctuations of 
PFAS concentrations within 
groundwater and surface 
water following wet weather 
events? 

Surface water sample B_SW01 was collected during a wet weather period. Concentrations of PFAS during wet 
weather were approximately 1.7 times greater than those reported during dry weather, indicating PFAS is 
mobilised from source areas such as AEC A during wet weather events. 

AEC C – Former fire training area 

Anecdotal information 
suggests the location of the 
current parachute training 
school was formerly used as 
a fire training area in circa 
1970s. AEC C has an area 
of approximately 22 Ha, with 
the former training school 
covering approximately 6 Ha 
of this. A portion of this AEC 
is occupied by the new 
HATS facility.  

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

Surface water from AEC C drains predominantly into Flat Rock Creek to the northwest, with some potential for 
migration to Captains Lagoon from the far eastern portion of the AEC (Section 4.3.3).  
Soil samples from AEC C had PFAS concentrations ranging from below the LOR to a maximum of 3.44 mg/kg 
sum total PFAS (C_HA12). PFAS impact was not localised within AEC C and appeared to be generally present at 
levels less than 0.5 mg/kg in the south central portion of the AEC (Figure 9-6). PFAS concentrations across the 
area were less than the human health commercial/industrial scenario criterion, but were in excess of the indirect 
ecological criterion for commercial/industrial scenarios at six locations. It is noted that there is limited ecological 
habitat in this area and ecological receptors are expected to be transient in nature. 
Groundwater PFAS concentrations in AEC C were in excess of the recreational screening criterion at one location 
(C_MW07). The results of the groundwater sampling indicate that PFAS is migrating in a general north-westerly 
direction to AEC C from AEC A.  

7. What is the extent of impact 
to concrete hardstand 
within AECs A and C which 
could be acting as a 
secondary source of 
ground and/or surface 
water contamination? 

PFAS was detected in one of two concrete samples collected from AEC C. Unlike AEC A, the majority of PFAS 
detected in the concrete sample was PFOS + PFHxS. Concentrations were below 0.1 mg/kg, indicating overall low 
potential for concrete to act as a secondary source at AEC C.  

8. What is the extent of soil 
impact within the AECs, 
and what is the mass of soil 
which could be acting as a 
secondary source of 
ground and/or surface 
water contamination?  

The extent of soil impact within AEC C is discussed in study question 1. PFAS mass estimates for AEC C are 
provided in Section 12.3. 
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Problem statement Study question Summary of findings – AECs 

AEC D – Former building 
A former asbestos containing 
building to the immediate 
east of AEC C. The area 
exists between the Captains 
Lagoon and Flat Rock Creek 
catchments. 

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

Surface water from AEC D is expected to drain predominantly to Captains Lagoon via topographical lows, culverts 
and open drainage channels. Surface water samples from the adjacent AEC C along with groundwater data 
assisted in characterising the potential release of PFAS from AEC D. 
Soil samples from AEC D had PFAS concentrations ranging from below the LOR to a maximum of 0.22 mg/kg 
sum total PFAS (D_HA02) (Figure 9-6). PFAS concentrations across the area were less than the human health 
commercial / industrial scenario criterion, but were in excess of the indirect ecological criterion for commercial / 
industrial scenarios at one location. It is noted that there is limited ecological habitat in this area and ecological 
receptors are expected to be transient in nature. 
There were no existing or new groundwater wells installed in AEC D. Furthermore, due to the absence of water 
courses or other surface water features in this area, no sediment or surface water samples were collected. 

8. What is the extent of soil 
impact within the AECs, 
and what is the mass of soil 
which could be acting as a 
secondary source of 
ground and/or surface 
water contamination?  

The extent of soil impact within AEC D is discussed in study question 1. Given the very low levels detected, 
calculations to estimate the mass of PFAS in AEC D have not been made.  

AEC H – Drum disposal area 
The former drum disposal 
area was assessed due to 
historical disposal of drums 
in trenches at the AEC. The 
AEC is south of the 
east-west runway, and west 
of the north-south runway. 

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

Surface water from AEC H is expected to drain predominantly north towards Flat Rock Creek. 
Soil samples from AEC H had PFAS concentrations ranging from below the LOR to a maximum of 0.0095 mg/kg 
sum total PFAS (H_HA01) (Figure 9-13). PFAS concentrations across the area were less than the human health 
and ecological commercial / industrial scenario criteria. It is noted that there is limited ecological habitat in this 
area and ecological receptors are expected to be transient in nature due to proximity to the JBRF runways. 
Despite limited evidence of PFAS contamination in soils within AEC H, PFAS was detected in groundwater, with 
concentrations ranging from below the LOR to 0.011 µg/L. These concentrations are well below the human health 
recreational criterion. It is plausible that the PFAS concentrations in groundwater were a result of limited overland 
surface water flow from AEC A, or potential influence from migration of groundwater.  

8. What is the extent of soil 
impact within the AECs, 
and what is the mass of soil 
which could be acting as a 
secondary source of 
ground and/or surface 
water contamination?  

The extent of soil impact within AEC H is discussed in study question 1. Given the very low levels detected, 
calculations to estimate the mass of PFAS in AEC H have not been made.  
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HMAS Creswell 

AEC E – golf course 

The former golf course is 
located within the 
northwestern region of 
HMAS Creswell. It is 
irrigated utilising water from 
the retention dam to the 
southwest of the AEC. The 
dam receives treated effluent 
from the STP (AEC G). 

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

Surface water from AEC E is expected to generally flow north-west towards Flat Rock Creek and ultimately Jervis 
Bay. The area is irrigated utilising water from the retention dam located to the southwest. The dam receives 
treated effluent from the STP (AEC G). 
Soil samples from AEC E had PFAS concentrations ranging from below the LOR to a maximum of 0.134 mg/kg 
sum total PFAS (E_HA01) (Figure 9-8). PFAS concentrations across the area were less than the human health 
public open space scenario criterion, however were in excess of the interim ecological indirect exposure criterion 
for a public open space scenario at 12 locations. 
The maximum reported sum PFAS concentration in groundwater during dry weather sampling was 1.91 µg/L 
(MW017), while a maximum reported PFOS + PFHxS concentration of 5.76 µg/L was recorded at E_MW04 during 
wet weather sampling (Figure 9-9). Both locations are at the far north-western boundary of the AEC, near the 
drainage channels associated with Flat Rock Creek. 
Surface water samples collected from the retention dam to the southeast had detectable levels of PFAS in all 
samples. This dam is fed by effluent from the STP which is not equipped to remove PFAS as part of the treatment 
process. 
Sediment samples collected from the dam contained low concentrations of PFAS (i.e., less than 0.003 mg/kg). 

4. By what means has PFAS
migrated from JBRF to
Jervis Bay (via HMAS
Creswell)?

Generally, concentrations in surface water and groundwater were elevated at AEC E in relation to other AECs 
such as AEC C. PFAS were detected in all water samples collected from AEC E at concentrations up to a 
maximum of 1.91 µg/L sum PFAS during dry weather. While PFAS has been recorded in surface water in 
drainage channels up-gradient of AEC E leading from JBRF, the concentrations were similar to, or less than those 
PFAS concentrations reported at AEC E. It is anticipated that the higher PFAS concentrations recorded in surface 
water at AEC E is a result of irrigation from the retention pond to the southwest that has been filled with effluent 
from the STP (AEC G). 
PFAS in soils at AEC E ranged from below the LOR to a maximum concentration of 0.134 sum PFAS. PFAS 
concentrations in surface water and groundwater were higher than those recorded in locations such as AEC C, 
despite both AECs having similar concentrations in soil concentrations across the area. The much lower PFAS 
concentrations in sediments in the retention dam, up-gradient drainage lines of Flat Rock Creek, and within the 
submerged portion of Flat Rock Creek near the inflow to Jervis Bay, indicates that interaction between surface 
water, soils, and sediments in this location is low. This is supported by the nature of sediments and soils being 
predominantly sandy in nature, and therefore, having limited PFAS sorption capacity. 

8. What is the extent of soil
impact within the AECs,
and what is the mass of soil
which could be acting as a
secondary source of
ground and/or surface
water contamination?

The extent of soil impact within AEC E is discussed in study question 1. Given the low levels detected, 
calculations to estimate the mass of PFAS in AEC E have not been made. 
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9. What is the interaction 
between groundwater and 
surface water across the 
Investigation Area, and 
what is the groundwater 
flow direction across the 
Investigation Area?  

Groundwater is inferred to flow to the north in the vicinity of AEC E (Figure 8-1). Based on the observed 
groundwater elevations at the northern portion of AEC E (0.8 mAHD at MW017) and observed tidal effect on 
groundwater in this area (level transducer data from MW017), it is considered that groundwater would discharge 
directly to Flat Rock Creek. 

20. Are there fluctuations of 
PFAS concentrations within 
groundwater and surface 
water following wet weather 
events? 

Groundwater well E_MW04 was sampled during both wet weather and dry weather periods. Concentrations of 
PFAS during wet weather were approximately 15x greater than those reported during dry weather, indicating 
significant mobilisation of PFAS following wet weather. 

AEC F – fire station 

The fire station at HMAS 
Creswell 
(CSR_ACT_000101) - forme
rly used for AFFF storage, 
with three 20 L drums stored 
on each fire truck and a 
further six to 12 drums 
stored in an un-bunded shed 
behind the fire station.  

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

Surface water encountering the concrete hardstand in the area surrounding the fire station is anticipated to flow 
north into a holding tank, where it is pumped to an oily water separator that discharges to sewer. Based on site 
observations, surface water from the road will follow valleys that run west through the northern boundary of the 
golf course and feed into Flat Rock Creek some 400 m north-west. For complete discussion, see Section 4.3.6. 
PFAS was detected in all soil samples from AEC F, with a maximum concentration of 0.081 mg/kg sum PFAS 
(F_MW01) (Figure 9-10). PFAS concentrations across the area were less than the adopted human health or 
ecological criteria for commercial/industrial land use. 
The maximum reported sum PFAS concentration in groundwater during dry weather sampling was 3.17 µg/L 
(F_MW01) (Figure 9-11). Concentrations were higher along the western boundary of AEC F compared to 
groundwater analysed from the south-eastern corner of AEC F. 
Surface water samples collected from along the road to the west of AEC F had PFAS concentrations in excess of 
the recreational surface water criterion. Concentrations of PFAS in surface water at F_SW01 were the highest 
reported at HMAS Creswell (sum PFAS 9.28 µg/L), suggesting the potential for runoff from the AEC. 
Overall, PFAS was identified in all media sampled from AEC F. Surface water and groundwater had high 
concentrations of PFAS relative to other AECs, indicating the potential for impact originating from concrete 
hardstand at AEC F.  

4. By what means has PFAS 
migrated from JBRF to 
Jervis Bay (via HMAS 
Creswell)? 

Generally, concentrations in surface water and groundwater were elevated at AEC F compared to other locations 
across HMAS Creswell. As AEC F is not expected to receive direct runoff from JBRF given the site topography 
and boundary of the Captains Lagoon and Flat Rock Creek catchments, it is anticipated that the majority of the 
impact observed at this location is a result of leaching from impacted hardstand at the location. 

8. What is the extent of soil 
impact within the AECs, and 
what is the mass of soil 
which could be acting as a 
secondary source of ground 

The extent of soil impact within AEC F is discussed in study question 1. PFAS mass estimates for AEC F are 
provided in Section 12.3. 
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and/or surface water 
contamination? 

9. What is the interaction 
between groundwater and 
surface water across the 
Investigation Area, and 
what is the groundwater 
flow direction across the 
Investigation Area?  

Groundwater flow in the vicinity of AEC F is inferred to flow north towards Jervis Bay (Figure 8-1). The results of 
particle-tracking simulation as part of the Groundwater Modelling (Appendix C), indicates groundwater from AEC F 
would be expected to discharge directly to Jervis Bay, with travel times of greater than ten years. 

AEC G – sewage treatment plant and outfall 

The STP is located in the 
eastern portion of HMAS 
Creswell, adjacent to 
Captains Lagoon. 
Wastewater effluent is 
discharged to a retention 
pond south-west of AEC E, 
which is used to irrigate 
areas of the former golf 
course (AEC E).  

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

It is believed that surface water from AEC G flows east down an embankment some 70 m into Captains Lagoon, 
however no direct path or evidence was observed during DSI field works. 
The STP treated effluent is pumped to the treated effluent retention dam adjacent to AEC E (golf course). An 
emergency deepwater discharge pipe from the STP discharges into Jervis Bay opposite Franklin Road 
approximately 130 m east of the Quarterdeck. 
Soil and sediment samples were not collected from AEC G as part of the investigation. Groundwater results are 
discussed in the context of other wells associated with Captains Lagoon (see Table 13-2). 
All surface water samples collected from within ponds associated with the STP infrastructure had concentrations 
of PFOS + PFHxS in excess of the recreational surface water criteria (Figure 9-12). However, given that is area is 
commercial/industrial in nature, and workers encountering water at the STP are expected to be wearing activity 
specific personal protective equipment (PPE) to protect against chemical and biological hazards other than PFAS, 
the concentrations are not expected to adversely impact human or ecological receptors within AEC G. 
Groundwater concentrations down-gradient from AEC G at MW12 were similar during both wet and dry sampling 
periods (PFOS + PFHxS of 5.3 and 5.23 µg/L, respectively). This suggests that PFAS concentrations at this 
location are stable, and not influenced by periods of wet weather. This is to be expected given the well’s proximity 
to Captains Lagoon and the broader saline environment of Jervis Bay. 

4. By what means has PFAS 
migrated from JBRF to 
Jervis Bay (via HMAS 
Creswell)? 

Given that the STP processes wastewater from all of JBT, including wastewater originating from JBRF, PFAS 
impact observed at this area was not unexpected. It is considered that the impact from AEC G is predominantly a 
result of the connection of the sewage infrastructure from JBRF, and not a result of groundwater or surface water 
flow originating from RAN SSSS.  
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13.2 Migration pathways 

A summary of findings related to the questions posed in the project DQOs in relation to the migration pathways is presented in Table 13-2. 

Table 13-2 DQO study question assessment – migration pathways 

Problem statement Study question Summary of findings – Pathway Characterisation 

JBRF onsite drainage channels 

JBRF is at the top of the plateau 
on the Jervis Bay peninsula. 
Surface water drainage from 
JBRF flows southwest into the 
Mary Creek catchment and north 
into the Flat Rock Creek 
catchment. Far eastern sections 
of JBRF drain north towards 
Captains Lagoon. The far south-
western portion of JBRF lies 
within the Lake McKenzie 
catchment (Figure 6-9). 

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

Sediment samples collected from drainage channels across JBRF had concentrations ranging from 
below the LOR to a maximum of 0.239 mg/kg for sum total PFAS (AB_SD01). Generally, 
concentrations were greatest in the drainage lines intersecting AEC A and extending south towards 
AEC B (Figure 9-15). Concentrations were in excess of the adopted assessment criteria for sediment, 
however it is noted that use of this area by both human and ecological receptors is expected to be 
transient in nature. Additionally, given the onsite drainage channels are typically dry and located within 
a highly modified setting, this represents an atypical exposure scenario. 

PFAS was detected in all surface water samples collected from JBRF drainage channels, with a 
maximum reported PFOS + PFHxS concentration of 12 µg/L at AB_SW02 (Figure 9-16). 

Recorded PFAS concentrations in surface water demonstrate there is offsite migration via the drainage 
channels to the north and south, with AEC B and Mary Creek receiving the bulk of the runoff. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

The results of surface water sampling show ready migration of PFAS from AEC A south through AEC B 
prior to migration offsite into Mary Creek. Additional discussion of PFAS impact to Mary Creek is 
provided below. Surface water from across JBRF has been impacted by PFAS, with additional runoff 
contributing to the Flat Rock Creek and Captains Lagoon surface water features. Impact to other 
surface water features (such as Telegraph Creek, Summercloud Creek, and the western lakes) is 
limited or negligible, with concentrations of PFAS in surface water in these areas being near or below 
the LOR in the majority of cases. Concentrations of PFAS in surface water from all locations other than 
Mary Creek, Flat Rock Creek and Captains Lagoon (and in one sample from the clay pools 
immediately south of JBRF) were below the drinking water criterion. 

20. Are there fluctuations of PFAS
concentrations within
groundwater and surface water
following wet weather events?

Yes, concentrations of PFAS in onsite water (groundwater from A_MW03) and surface water 
(B_SW01) were higher during wet weather than during dry weather. Refer to study question 20 for 
AEC A and AEC B in Table 13-1. 
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Captains Lagoon 

The headwaters of Captains 
Creek (feeding to Captains 
Lagoon) originate as far south as 
the eastern boundary of JBRF 
near AEC A. The drainage line 
flows north through the eastern 
boundary of JBRF, turning 
northeast near AEC D. Flowing 
water was observed south of 
Jervis Bay Road during the field 
investigation, however, the 
surface water appeared to drain 
to the hyporheic zone or to an 
alluvial aquifer prior to resurfacing 
approximately 500 m downstream 
as Captains Lagoon. During the 
investigation, Captains Lagoon 
remained closed to the ocean, 
however its salinity suggests 
connection to Jervis Bay on 
occasion. 

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

Soil collected from the Captains Lagoon catchment had concentrations of PFAS ranging from below 
the LOR to a maximum of 0.048 mg/kg sum total PFAS (CL_MW01, Figure 9-17). The recorded PFAS 
concentrations were less than the adopted human health and ecological criteria for soils (noting that 
the soils at CL_MW01 were screened against the commercial/industrial criteria given the proximity of 
this sample location to AEC D). 

Groundwater in the Captains Lagoon catchment had concentrations of PFAS ranging from below the 
LOR to a maximum concentration of PFOS + PFHxS of 5.3 µg/L at MW12 during a wet weather 
sampling event. This location exists between the boundary of AEC G and Captains Lagoon. Notably, 
concentrations at MW12 were similar during both wet and dry sampling periods (5.3 and 5.23 µg/L, 
respectively). This suggests that PFAS concentrations at this location are stable, and not influenced by 
periods of wet weather. This is to be expected given the well’s proximity to Captains Lagoon and the 
broader saline environment of Jervis Bay. 

Concentrations in sediment were broadly similar to those concentrations reported in soils, with PFAS 
concentrations ranging from below the LOR to 0.05 mg/kg at CL_SD06, although concentrations were 
generally similar within the southern portion of the lagoon. 

PFAS was detected in all surface water samples collected along the Captains Lagoon catchment until 
reaching Jervis Bay, where concentrations were below the LOR at JB_SW02. Generally, 
concentrations followed a gradient, where concentrations of PFAS were below the drinking water 
criterion at the far upstream locations of Captains Creek within the eastern portion of JBRF. Impact to 
this system appears to be introduced from AEC C and AEC D near CL_SW09 (1.44 µg/L, Figure 9-18). 
PFAS concentrations down-gradient of CL_SW09 were generally around 0.3 µg/L through the lagoon 
until the area near AEC G, where concentrations generally increased from about 0.5 µg/L to 2 µg/L 
(varying by wet vs. dry sampling events). Given the significance of this area for recreational activities, it 
will be considered further in the HHRA. 

A number of biological samples were collected from the Captains Lagoon catchment, including from 
terrestrial, freshwater and estuarine environments. PFAS were detected in all biota types, with the 
exception of grubs and geebungs. Concentrations of PFAS were in excess of the human health criteria 
in 60% of bream fillets, all mullet fillets, all whitebait, and all shrimp samples (noting only one shrimp 
tail was analysed) (Figure 9-19). These results require additional assessment as part of the HHRA. 

Concentrations in biota were in excess of the adopted ecological criteria for beach worms, bream (fillet 
and whole), dragonfly, leptoceridae, millipede, mullet (fillet and whole), shrimp (whole), spider, 
whitebait, worms and yabbies (Figure 9-20). These results require additional assessment as part of the 
ERA. 

In conclusion, PFAS was identified throughout the Captains Lagoon system in soils, sediments, surface 
water, groundwater and biota. The sources of  PFAS appear to be JBRF and HMAS Creswell. Given 
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that Captains Lagoon appears to be infrequently open to the sea, the estuary has limited opportunity 
for influence and dispersion of PFAS into the broader Jervis Bay region. 

4. By what means has PFAS
migrated from JBRF to Jervis
Bay (via HMAS Creswell)?

Generally, PFAS appear to migrate to Captains Lagoon from JBRF predominantly via surface water 
from the boundary of AED D (CL_SW09), and via influence from AEC G, which receives wastewater 
from JBRF at the STP. Migration of PFAS via groundwater from JBRF appears to be limited, given the 
reported concentrations reported down-gradient of JBRF near to Jervis Bay Village (CL_MW04 and 
CL_MW05).  

9. What is the interaction between
groundwater and surface water
across the Investigation Area,
and what is the groundwater
flow direction across the
Investigation Area?

The results of particle-tracking simulation as part of the Groundwater Modelling (Appendix C), indicates 
that discharge of groundwater from the two primary source areas at JBRF (AEC A and AEC C) is likely 
to occur within the headwaters of this migration pathway, with 74% of groundwater discharge from the 
FFTA expected to occur within Captains Lagoon. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

Yes, PFAS in surface water appears to originate at AEC D and represents the predominant source of 
PFAS to Captains Lagoon, with additional influence occurring via the STP at AEC G. 

14. Has PFAS migrated into the
marine areas of Jervis Bay or
Wreck Bay?

PFAS were identified in the marine environment at the immediate outfall of Captains Lagoon into Jervis 
Bay. PFAS were detected in surface water at concentrations slightly above the LOR at CL_SW13, 
however were below the LOR at JB_SW02. 

As discussed in Section 12.10.5, PFAS is expected to adsorb to sediments in estuarine and marine 
environments as TDS increases. 

20. Are there fluctuations of PFAS
concentrations within
groundwater and surface water
following wet weather events?

Fluctuations of PFAS concentrations within surface water and groundwater during wet and dry weather 
events were varied, particularly in regard to measurements in other areas. Generally, concentrations 
were similar during both wet and dry events. The major difference was observed at CL_MW01, near 
AEC D and the boundary of JBRF. Concentrations were approximately 9 times greater during dry 
weather sampling than during the wet weather event. 
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Flat Rock Creek 

The freshwater reach of Flat Rock 
Creek was dry during the 
sampling efforts, suggesting the 
area is ephemeral in nature. The 
lower saline reach of Flat Rock 
Creek was highly influenced by 
tidal fluctuations, with high 
diversity of fish, plants and 
benthic invertebrates. 

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

Soil collected from the Flat Rock Creek catchment had detectable concentrations of PFAS in all 
samples, with a maximum of 0.41 mg/kg sum total PFAS (FC_MW03, Figure 9-21). Soil impact was 
determined to be low within this catchment and concentrations were less than the adopted human 
health and ecological criterion for soils with the exception of sample FC_MW03 having PFAS in excess 
of the ecological criterion for industrial/commercial scenarios. Given the location of this sampling point 
within the north-eastern portion of AEC C, it is anticipated that ecological receptors will be transient in 
nature. 

Groundwater from the Flat Rock Creek catchment had detectable concentrations of PFAS in all 
samples, with a maximum concentration of PFOS + PFHxS of 0.53 µg/L at FC_MW03 during a wet 
weather sampling event (Figure 9-22). One groundwater sample (FC_MW01) was collected during a 
wet weather event, the results of which were below the LOR, following concentrations of PFOS + 
PFHxS of 0.19 µg/L encountered during dry weather sampling. 

PFAS concentrations in sediment showed limited impact of PFAS during both wet and dry sampling 
events, with concentrations ranging from below the LOR in the downstream estuary environment with a 
maximum concentration of 0.025 mg/kg sum PFAS at FC_SD06 during dry weather. 

PFAS was detected in all surface water samples collected along the Flat Rock Creek catchment, until 
reaching Jervis Bay, where concentrations were below the LOR at FC_ES02_SW and JB_MR01_SW. 
PFAS concentrations did not appear to follow a gradient from upstream to downstream, with most 
concentrations of sum PFAS in surface water near the 0.2 µg/L level. The primary source of impact to 
this system is unclear, given the relatively uniform distribution of PFAS throughout the catchment. It is 
considered that PFAS runoff from AEC E is contributing to the concentrations observed in the upper 
estuary region of Flat Rock Creek (Figure 9-22). 

A number of biological samples were collected from the estuarine portion of Flat Rock Creek. PFAS 
were detected in some of the collected biota types, including whole mullet, oyster, whelk, whitebait and 
yabby. Concentrations of PFAS were in excess of the human health criteria in 83% of whelks and 60% 
of whitebait samples (Figure 9-19). These results require additional assessment as part of the HHRA. 

Concentrations in biota were in excess of the adopted ecological criteria for whole mullet, whelk, 
whitebait and yabby (Figure 9-20). These results require additional assessment as part of the ERA. 

In conclusion, the presence of PFAS was characterised throughout the Flat Rock Creek system in 
soils, sediments, surface water, groundwater and biota. PFAS detected in this area appears to have 
originated from JBRF and runoff originating at AEC E. PFAS was not observed in fish fillets relevant to 
human consumption including bream, flathead, and mullet. It is believed that this is due to the tidal 
influence and openness to the sea at the Flat Rock Creek estuary. 
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4. By what means has PFAS
migrated from JBRF to Jervis
Bay (via HMAS Creswell)?

Generally, PFAS appears to migrate to Flat Rock Creek from JBRF predominantly via surface water 
from the boundary of AEC D (CL_SW09), and via runoff from AEC E. Migration of PFAS via 
groundwater from JBRF appears to be limited. 

9. What is the interaction between
groundwater and surface water
across the Investigation Area,
and what is the groundwater
flow direction across the
Investigation Area?

The results of particle-tracking simulation as part of the Groundwater Modelling (Appendix C), indicates 
that discharge of groundwater from the two primary source areas at JBRF (AEC A and AEC C) is likely 
to occur within the headwaters of this migration pathway. It is noted that estimated travel times for 
particles from these AECs discharging to Flat Rock Creek could be greater than 100 years, however 
the modelling could not account for preferential pathways which could result in reduced travel times, 
such as via transport by the sewer network. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

Yes, surface water impact appears to originate at JBRF. Concentrations in surface water is fairly 
uniform across the catchment, with some additional influence possible via runoff from AEC E. 

14. Has PFAS migrated into the
marine areas of Jervis Bay or
Wreck Bay?

PFAS were identified in the marine environment at the immediate outfall of Flat Rock Creek into Jervis 
Bay. PFAS were detected in surface water at concentrations slightly above the LOR at FC_SW15 and 
JB_SW01. Notably, many PFAS were encountered at JB_SW01, with PFOS + PFHxS only accounting 
for 13% of the PFAS present in the sample. 

As discussed in Section 12.10.5, PFAS is expected to adsorb to sediments in estuarine and marine 
environments as TDS increases. 

20. Are there fluctuations of PFAS
concentrations within
groundwater and surface water
following wet weather events?

Fluctuations of PFAS within surface water and groundwater during wet and dry weather events were 
varied. There did not appear to be a trend with concentrations and location during dry and wet weather 
events. The majority of sample pairs were located in the lower estuary, where concentrations were 
generally within 150% of one another during wet and dry sampling events. The greatest difference was 
observed at FC_SW01, where concentrations of PFAS were approximately 4.5 times greater during the 
dry weather event than during wet weather. Groundwater collected from one well during wet weather 
did not record PFAS greater than the LOR (this result was approximately 20 times less than the PFAS 
concentration measured in groundwater collected in dry weather). 
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Mary Creek 

Mary Creek flows south from 
JBRF through 403 lands before 
discharging into Wreck Bay. The 
area has high cultural significance 
to the Wreck Bay community, and 
is an important source of 
bushfood (terrestrial and aquatic 
flora and/or fauna) as well as a 
source of abiotic media such as 
water and sediment for drinking or 
cultural practices. 

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

Soil collected from the Mary Creek catchment had low levels of PFAS in all samples, with more than 
half of the samples being below the LOR (Figure 9-23). The maximum concentration (0.0041 mg/kg 
sum PFAS at MC_TS01) was less than the soil criterion protective of residential land use and the 
adopted human health and ecological criteria for soils at all locations. 

Groundwater from the Mary Creek catchment had concentrations below the LOR at all offsite locations 
except MC_MW02 during dry weather sampling (0.0332 µg/L) (Figure 9-24). Groundwater 
concentrations were elevated at an onsite well (MW022) up-gradient of Mary Creek, with a 
concentration of PFOS + PFHxS of 2.76 µg/L. Two groundwater samples was collected during a wet 
weather event, the results of which were both below the LOR, following concentrations of PFOS + 
PFHxS of 0.0332 µg/L encountered during dry weather sampling at MC_MW02. 

PFAS concentrations in sediment during both wet and dry sampling events were not considered 
significant, with concentrations ranging from below the LOR in the downstream estuary environment to 
a maximum concentration of 0.11 mg/kg sum PFAS at MC_SD08 during dry weather. This location is 
at the headwaters of Mary Creek to the west of the north-south runway. It is noted that access to site 
users would be unlikely, including onsite base personnel, while ecological receptors are expected to be 
transient in nature in this area. 

PFAS was detected in all surface water samples collected along the Mary Creek catchment, until 
reaching Wreck Bay, where concentrations were less than the LOR at WB_SW02 (Figure 9-24). 
Generally, concentrations of PFOS + PFHxS were fairly consistent from the boundary of AEC B, along 
the central creek line towards the bay during dry weather periods. Concentrations did not appear to 
follow a gradient from upstream to downstream, with most PFOS + PFHxS being detected in surface 
water at concentrations of around 1.5 µg/L. PFAS concentrations were significantly greater during wet 
weather sampling and there was a distinct gradient, with a maximum concentration of PFOS + PFHxS 
reported at the boundary of AEC B of 8.2 µg/L, decreasing to around 1.6 µg/L at the base of the 
estuary leading into Wreck Bay. Runoff appears to come directly from AEC A during wet weather 
periods, travelling through AEC B before entering Mary Creek. Notably, the key PFAS transport route is 
the main creek channel, with limited PFAS contribution from other tributaries being reported during 
either wet or dry periods. 

A number of biological samples were collected from terrestrial, freshwater and estuarine regions of 
Mary Creek. PFAS were detected in the majority of the collected biota types, with the exception of the 
flora species Cissus hypoglauca, Mat rush (Lomandra longifolia), grasses (Poaceae), and bracken 
(Pteridium esculentum). Concentrations of PFAS were in excess of the human health criteria in one of 
two prawn tails analysed, 80% of spiny crayfish tail meat, and all whitebait samples (Figure 9-25). 
These results will require additional assessment as part of the HHRA. 
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Concentrations in biota were in excess of the adopted ecological criteria for beach worm, flying insect, 
galaxia, gudgeon, leech, macrophyte, millipede, whole mullet, prawn tail, smelt, spider, spiny crayfish 
(tail and whole), terrestrial beetle, tree fern, whitebait and worms (Figure 9-26). These results require 
additional assessment as part of the ERA. 

In conclusion, the presence of PFAS was characterised throughout the Mary Creek system in soils, 
sediments, surface water, groundwater and biota. PFAS detected in this area appears to have 
originated from AEC A. 

6. By what means has PFAS
migrated beyond the southern
Site boundary of JBRF to Wreck
Bay (via Mary Creek or
Summercloud Creek)?

PFAS appears to migrate to Mary Creek from JBRF predominantly via surface water from the boundary 
of AEC B, originating from AEC A. Migration of PFAS via groundwater from JBRF appears to be 
limited. 

9. What is the interaction between
groundwater and surface water
across the Investigation Area,
and what is the groundwater
flow direction across the
Investigation Area?

As discussed in Table 13-1, under both AEC A and AEC B, contributions to surface water within the 
southern headwaters of Mary Creek is considered to be a combination of overland flows from the 
southern portion of AEC A and groundwater migrating from AEC A discharging within the catchment. 
Groundwater flows within the broader Mary Creek catchment are inferred to follow the regional 
topographic relief and flow to the south west towards Wreck Bay (Figure 8-1 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

Yes, PFAS in surface water appears to originate at JBRF with concentrations fairly uniform across the 
catchment during dry weather periods, with significant increase recorded during wet weather periods. 

14. Has PFAS migrated into the
marine areas of Jervis Bay or
Wreck Bay?

It appears that PFAS has reached the marine environment at the immediate outfall of Mary Creek into 
Wreck Bay. PFAS were detected slightly above the LOR at MC_SW09, prior to decreasing below the 
LOR at WB_SW02. 

At the lower (southern) portion of Mary Creek, the mass flux of total PFAS (see Section 12.10.4) was 
estimated to vary from 0.7 g/day during dry weather and up to 35 g/day during wet weather. Although 
this flux was in the vicinity of where Mary Creek discharges to Wreck Bay, as discussed in 
Section 12.10.5, PFAS is expected to adsorb to sediments in estuarine and marine environments as 
TDS increases. 
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20. Are there fluctuations of PFAS
concentrations within
groundwater and surface water
following wet weather events?

Fluctuations of PFAS concentrations within surface water and groundwater during wet and dry weather 
events were varied. PFAS concentrations in groundwater were less than LOR at all monitoring wells 
sampled during wet weather within the Mary Creek catchment. Surface water concentrations on the 
other hand increased between 3 to 4 times during wet weather along the main creek line. 
Concentrations of PFAS measured In surface water during wet weather in the western tributary feeding 
into Mary Creek were three times less than PFAS concentrations measured in samples collected in dry 
weather. Concentrations were fairly consistent in the lower portion of the creek following wet weather, 
however a clear gradient was observed from AEC B southward through to Wreck Bay during the wet 
weather sampling event. 

Summercloud Creek 

Summercloud Creek flows south 
from east of JBRF through 
403 lands before discharging into 
Wreck Bay. The area has high 
cultural significance to the Wreck 
Bay community, and is an 
important source of bushfood 
(terrestrial and aquatic flora 
and/or fauna) as well as a source 
of abiotic media such as water 
and sediment for drinking or 
cultural practices. 

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

No soil or groundwater samples were collected from Summercloud Creek as part of the investigation. 

All sediment collected from Summercloud Creek had concentrations of PFAS below the LOR 
(Figure 9-23). 

PFAS was detected in all but one surface water sample collected along the Summercloud Creek 
catchment. Samples collected from Wreck Bay had PFAS concentrations less than the LOR 
(Figure 9-24). Generally, concentrations of PFOS + PFHxS were low and fairly consistent, averaging 
around 0.003 µg/L for PFOS + PFHxS (equal to the sum PFAS) from the boundary of AEC B, along the 
central creek line towards the bay during dry weather periods. Concentrations did not appear to follow 
a gradient from upstream to downstream. While PFAS was detected near the LOR within 
Summercloud Creek, suggesting a connection to JBRF, this area receives limited PFAS from AEC A. 

A number of biological samples were collected from terrestrial, freshwater and estuarine regions of 
Summercloud Creek. PFAS were detected in some of the collected biota types, including bream fillet, 
earthworm, galaxia, gerridae, gudgeon, millipede, myriapod, spider, spiny crayfish tail, temnocephalida, 
terrestrial beetle, whitebait, and yabby. Concentrations of PFAS were in excess of the human health 
criteria in 40% of the bream fillet samples only (Figure 9-25). These results require additional 
assessment as part of the HHRA. 

Concentrations in biota were in excess of the adopted ecological criteria for bream, galaxia, millipede, 
and spider (Figure 9-26). These results require additional assessment as part of the ERA. 

In conclusion, the presence of PFAS was characterised throughout the Summercloud Creek system in 
soils, sediments, surface water, groundwater and biota. The levels are generally low, and are overall 
suggestive of a comparatively lower contaminant mass flux to this catchment. 

6. By what means has PFAS
migrated beyond the southern
Site boundary of JBRF to Wreck

Given the lower concentrations of PFAS detected along the length of Summercloud Creek compared to 
other creeks in the Investigation Area, there appears to be limited connectivity to JBRF. Surface water 
appears to be the major migration route in this system. 
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Bay (via Mary Creek or 
Summercloud Creek)? 

9. What is the interaction between
groundwater and surface water
across the Investigation Area,
and what is the groundwater
flow direction across the
Investigation Area?

The results of particle-tracking simulation as part of the Groundwater Modelling (Appendix C), indicates 
that discharge of groundwater from the source areas across JBRF is unlikely to occur within this 
catchment. It is therefore likely that groundwater flows from the area to east of JBRF would be the most 
likely source of surface water within Summercloud Creek. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

Although surface water impact appears to originate from JBRF, this connection appears to be weak 
given the relatively low levels of PFAS identified in the Summercloud Creek system. 

14. Has PFAS migrated into the
marine areas of Jervis Bay or
Wreck Bay?

It appears that some PFAS is entering Wreck Bay from Summercloud Creek, however it is anticipated 
that influence from this catchment is limited. 

Telegraph Creek 

Telegraph Creek flows north in 
the eastern portion of the 
peninsula. Connection of 
Telegraph Creek to JBRF or 
HMAS Creswell was not expected 
given the site topography and 
drainage, but was sampled to 
confirm the anticipated absence 
of PFAS in the catchment. 

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

One soil sample was collected from the Telegraph Creek catchment during installation of TC_MW01. 
The soil sample had detectable concentrations of PFOS only (0.0004 mg/kg). This value is well below 
the adopted human health and ecological criteria for soils (Figure 9-27). 

Groundwater from the far western region of the Telegraph Creek catchment had concentrations of 
PFOS only (0.0004 µg/L). 

PFAS were detected in a third of the sediment samples collected from the Telegraph Creek catchment, 
with the highest recorded concentration being 0.0084 mg/kg sum PFAS. 

PFAS were detected in all but one surface water sample collected within the Telegraph Creek 
catchment, with concentrations less than the LOR upon entering Jervis Bay (Figure 9-28). Generally, 
concentrations of PFOS + PFHxS were fairly consistent, with concentrations below 0.004 µg/L at all 
locations excepting TC_SW05, where a concentration of 0.044 µg/L (sum PFAS) was reported. Given 
the proximity of this location to Captains Lagoon, it is anticipated that there is the potential for overland 
runoff from Captains Lagoon during high water events resulting in the contribution of PFAS to this 
system. This is supported by the up-gradient TC_SW07 location having lower PFAS concentrations. 

In conclusion, PFAS impact was characterised throughout the Telegraph Creek catchment in 
sediments, surface water and groundwater. While some PFAS impact has been observed in this 
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catchment, impact is low and expected to be influenced predominantly via proximity to Captains 
Lagoon. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS impacts
identified in offsite surface
waters?

PFAS in surface water appears to originate from Captains Lagoon, however there may be minor 
connectivity to JBRF in the far upper reaches of the catchment. 

14. Has PFAS migrated into the
marine areas of Jervis Bay or
Wreck Bay?

PFAS migration into Jervis Bay from Telegraph Creek is negligible. 

Lakes (Windermere and McKenzie) 

Lake McKenzie and Lake 
Windermere are two man-made 
waterbodies. Lake Windermere is 
a source of raw water to the JBT 
water treatment plant. JBTA is 
responsible for the management 
of the lake. The water level in 
both lakes was low at the time of 
the survey, especially within Lake 
McKenzie, which had a large area 
of bare mud, rock and gravel 
between the water line and the 
start of the riparian zone. Both 
water bodies did not appear to 
have any mode for fish to move 
into them easily. Whilst Lake 
Windermere is separated from the 
site via a north to south trending 
ridgeline, the Lake McKenzie 
catchment includes a series of 
unnamed pools used by the 
Wreck Bay community and is also 
anticipated to receive runoff from 
the area of JBRF to the south of 
the east-west runway. 

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

Soil collected from the Lake McKenzie catchment had low levels of PFAS in all samples, with half of 
the samples being below the LOR (with no detections reported in soils from Lake Windermere, 
Figure 9-29). The maximum concentration of PFAS in soils was at LM_MW01, located on the western 
boundary of JBRF. Concentrations at this location were 0.0031 mg/kg sum PFAS, which is less than 
the soil criterion protective of residential land use. All recorded PFAS concentrations were less than the 
adopted human health and ecological criteria for soils. 

Groundwater from the lake catchments had PFAS concentrations near or below the LOR during both 
wet and dry weather, with the exception of LM_MW01 during wet weather, where a maximum PFOS + 
PFHxS concentration of 1.81 µg/L was reported (Figure 9-30). It is noted that this location is on the 
western boundary of JBRF. The degree of connectivity to the lakes further west is unclear. During dry 
weather, a maximum concentration of PFOS + PFHxS of 0.024 µg/L was recorded in groundwater 
collected from LM_MW01. 

PFAS concentrations in sediment were below the LOR in all samples collected at both Lake McKenzie 
and Lake Windermere. 

Given that Lake Windermere supplies raw water to the JBT water treatment plant, both lakes were 
frequently sampled throughout the investigation. While PFAS was detected at very low concentrations 
in Lake McKenzie and Lake Windermere, all levels were significantly below the drinking water criterion 
(0.07 µg/L). 

A number of biological samples were collected from terrestrial and freshwater habitats associated with 
Lake McKenzie and the botanic gardens. PFAS was detected in some of the collected biota types, 
including cockroaches, earthworm, galaxia, millipede, smelt, snail and spider. No samples had 
concentrations of PFAS in excess of the human health criteria (Figure 9-25). 
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PFAS concentrations in biota were in excess of the adopted ecological criteria for snails and spiders 
(Figure 9-26). These results require additional assessment as part of the ERA. 

In conclusion, PFAS was detected at low levels in the lake catchments in soils, sediments, surface 
water, groundwater and biota. PFAS detected in this area may have an association with runoff from the 
far western boundary of JBRF or potentially through groundwater connectivity with the deeper bedrock 
aquifer. There is also a potential for low levels of PFAS in this area to have arisen from historical 
bushfire fighting activities. 

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

PFAS has been identified in surface water and groundwater in Lake McKenzie and Lake Windermere 
to the west of JBRF. However, the recorded presence of PFAS has been infrequent and low in biota. 
PFAS concentrations have been below the level of detection in sediment and either below the level of 
detection or well below the drinking water criterion.  The regional groundwater flow regime indicates 
that groundwater from the western portion of JBRF is likely to flow towards the lakes, however particle 
tracking undertaken as part of the groundwater flow modelling (GHD, 2018d) showed that groundwater 
from the key PFAS source areas within JBRF is expected to discharge toward Jervis Bay and Wreck 
Bay, rather than to the west. The PFAS concentrations reported in the lake systems, which are the 
potable water source for JBT, are not considered to represent a risk to human health or the 
environment in this location. 

5. Has PFAS impacted the
drinking water supply for JBT
(via the western lakes)?

The Jervis Bay Territory water treatment plant draws raw water from Lake Windermere. Concentrations 
of PFAS in water samples collected from Lake Windermere were at least 40 times less than the 
drinking water criterion (0.07 µg/L). No PFAS has been detected in samples of the treated water that 
feeds the reticulated water supply. Repeated sampling in the area indicates that PFAS impact to this 
system is not significant and the risk to consumers of potable water sourced from this location is 
considered low and acceptable. (Further information is provided below under ‘Drinking water supply 
tanks’). 

10. Is the regional deeper
groundwater aquifer impacted
by PFAS, and is this
connected to Lake
Windermere and Lake
McKenzie?

LM_MW02 and LW_MW01 were advanced into the deeper portions of the lower bedrock aquifer. 
PFOS + PFHxS were detected during dry weather sampling, with a maximum concentration reported at 
0.0042 µg/L at LW_MW01. The recorded concentrations were approximately an order of magnitude 
less than concentrations reported at LM_MW01 (shallow lower bedrock aquifer), however were also 
significantly further west from JBRF than LM_MW01. 
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12. What is the geology of the
deeper aquifer underlying
JBRF and is there a vertical
difference in PFAS
concentrations in the aquifer?

Two deeper groundwater wells (LM_MW02 and LM_MW01) were installed in the lower bedrock aquifer 
to the west of JBRF.  The bedrock aquifer was found to comprise grey sandstone, including quartz 
gravel clast inclusions, with deep sand deposits (24.6 m thick) observed to overly this aquifer to the 
south of Lake Windermere (borehole LW_MW02).  As discussed in response to study Question 10 
above, the reported concentrations of PFAS in the deep wells were an order of magnitude less than 
concentrations reported in the shallow lower bedrock aquifer, but this may be a result of the distance 
from JBRF where these were installed. 

13. Has surface water runoff from
JBRF and HMAS Creswell
contributed to the PFAS 
impacts identified in offsite 
surface waters? 

PFAS concentrations in surface water collected from Lake McKenzie and Lake Windermere were all 
less than the drinking water criterion (0.07 µg/L), the key use of these water bodies. The PFAS in the 
lakes could be a result of surface water run off from JBRF, westerly groundwater movement from JBRF 
or former bush fire fighting activities within the broader catchment. 

20. Are there fluctuations of PFAS
concentrations within
groundwater and surface
water following wet weather
events?

Fluctuations of concentrations of PFAS in groundwater during wet and dry weather events were varied. 
Generally, concentrations were similar at all locations, with the exception of LM_MW01, where 
concentrations were around 75 times greater in wet weather sampling compared to dry weather 
sampling. Given the location of this well along the western boundary of JBRF, it appears that this area 
receives runoff and infiltration from the western most area of the east-west runway. 

Drinking water supply tanks 

The above ground water tanks 
used for storing potable water 
piped from Lake Windermere are 
present to the southeast of JBRF. 
Samples were collected from the 
tanks during both wet and dry 
weather periods 

5. Has PFAS impacted the
drinking water supply for JBT
(via the western lakes)?

Concentrations of PFAS in samples collected from Lake Windermere were at least 40 times less than 
the drinking water criterion (0.07 µg/L). These very low levels would be expected for a water body in 
close proximity to an airfield or within an area such as the Jervis Bay Peninsula where a range of fire-
fighting activities are known to have occurred in the past. 

Low levels of PFAS in surface water runoff to the west of JBTA would be expected given PFAS is 
generally detectable at low levels in the surface soils of most airfields. While there may be a connection 
between the aquifer to the west of JBRF in which PFAS has been found or surface water bodies that 
discharge to the west of the JBRF, the PFAS concentrations are not considered to pose a risk to 
human health, plus the treated water has also been demonstrated to not have PFAS at levels greater 
than the LOR (<0.01 µg/L). 

Importantly, PFAS was below the LOR in all potable water samples collected from the water supply 
storage tanks (Figure 9-30). This indicates that PFAS impact to this system is negligible, and risk to 
consumers of potable water considered low and acceptable. 
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Bherwerre Barrier 

The Bherwerre Barrier was 
selected as the far western 
boundary of the Investigation 
Area to delineate the extent of 
potential PFAS migration to the 
west. 

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

Soil collected from the monitoring wells installed in the Bherwerre Barrier had concentrations of PFAS 
below the LOR in all but one sample (BB_MW02, Figure 9-15) which had a concentration of 
0.0012 mg/kg. This is less than the soil criterion protective of residential land use. 

Groundwater from the Bherwerre Barrier had concentrations near or below the LOR during both wet 
and dry weather, with the exception of BB_MW02 during dry weather, where a maximum PFOS + 
PFHxS concentration of 0.0015 µg/L was reported (Figure 9-16). This location is in the far 
southwestern region of the Investigation Area. The hydrological and hydrogeological characteristics of 
the Investigation Area do not support a hypothesis that the PFAS detected in this area is from JBRF or 
HMAS Creswell. 

9. What is the interaction between
groundwater and surface water
across the Investigation Area,
and what is the groundwater
flow direction across the
Investigation Area?

Groundwater within the Bherwerre Barrier is inferred to have a generally westerly flow direction 
(Figure 8-1), and is inferred to discharge to both Wreck Bay (south) and St Georges Bay (north). No 
further detailed assessment of groundwater and surface water interactions within this area was 
undertaken based on the findings of the DSI sampling and laboratory program, which indicated PFAS 
contamination from the site is unlikely to be migrating to this area. This is supported by the 
Groundwater Modelling (Appendix C) which indicated groundwater flows from the key source areas on 
JBRF (AEC A and AEC C) are expected to be captured by surface water bodies (Mary Creek, Captains 
Lagoon and Flat Rock Creek), and therefore unlikely to migrate to this part of the Investigation Area. 

11. Has PFAS impacted
groundwater migrated to the
Behwherre Barrier?

The presence of PFAS in the Bherwerre Barrier is not considered significant. While low concentrations 
of PFOS + PFHxS were reported at one well during dry weather sampling, the connectivity of this 
location to JBRF is not well understood. 

Sewer network 

The sewer network has been 
characterised in the Sewer 
Network PFAS Investigation 
(GHD, 2018c). 

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

The findings of the Sewer Network PFAS Investigation report (Appendix N) concluded that PFAS were 
migrating via the sewer network from JBRF to the STP (AEC G) at HMAS Creswell. The occurrence of 
PFAS contamination within the sewer main is considered to be due to contaminated groundwater 
ingress at defects within the pipework or riser sections. This is further supported by the findings from 
AEC G (see Table 13-1). Migration of PFAS via the sewer network is considered to be the primary 
contributor to PFAS contamination at HMAS Creswell associated with irrigation of treated effluent. 
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Unnamed Water Feature #1 – west of Mary Creek 

An unnamed drainage line 
exists to the west of Mary 
Creek. , emptying into 
Wreck Bay along the 
western side of Mary Bay. 
There does not appear to be 
connection of this creek line 
to JBRF. Water was only 
observed in the southern 
most region of the stream 
near the mouth of the creek 
into the Bay, and appeared 
to be a result of 
groundwater seepage into 
the bay as opposed to 
having originated from 
surface water upstream. 

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

PFAS concentrations ranged from below the LOR to a maximum concentration of 0.0013 mg/kg sum PFAS at 
UN1_SD01 (Figure 9-23). This location is at the headwaters of Mary Creek to the west of the north-south runway. 
It is noted that access to this area by people would be unlikely - even by base personnel - and ecological 
receptors are expected to be transient. 

PFAS was detected in both surface water samples collected at the inflow to Wreck Bay, with a maximum 
concentration of PFOS + PFHxS of 0.0011 µg/L (Figure 9-24). Surface water collected from this area appeared to 
have resulted from groundwater seepage rather than surface water flow from upstream. 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

Surface water does not appear to connect the water feature to JBRF. This pathway is not considered to be 
complete. 

14. Has PFAS migrated into
the marine areas of Jervis
Bay or Wreck Bay?

It appears that there is limited impact to Wreck Bay originating from the groundwater seepage associated with 
Unnamed Water Feature #1. The reported concentration is not in excess of any ecological guidelines, and 
appears to be rapidly dispersed upon entering the Bay, with concentrations decreasing below the LOR at 
WB_SW01. 

Unnamed Water Feature #2 – clay pools 

A series of small, clay lined 
pools exist to the immediate 
south of the western 
boundary of JBRF. These 
appear to have limited 
connectivity to other surface 
water features in the 
surrounding area, further 
evidenced by limited 
diversity of fish. The clay 
pools have high cultural 
significance to the 
community, and are 
therefore considered further 
within the HHRA despite low 

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

PFAS concentrations in sediment ranged from below the LOR to a maximum concentration of 0.0014 mg/kg sum 
PFAS at UN2_SD04 (Figure 9-23). This sample was collected in one of the more northwestern pools. Despite this 
low concentration, the clay pools have been considered further within the HHRA given the cultural significance of 
this location and use of the clays in ceremony and for other purposes. 

PFAS was detected in all surface water samples collected from this location (with the exception of the surface 
water sampled in association with the biological sampling, however the LOR of this sample was in excess of the 
concentrations reported at several of the other locations). The maximum detected concentration of PFOS + 
PFHxS was reported at UN2_SW05, which is the pool to the far northwest (Figure 9-24). This concentration is in 
excess of the drinking water criteria, although it is noted that drinking of water from this location is expected to be 
highly infrequent. 

Biological sampling was attempted at this location, however success was limited to macrophytes and insects. 
PFAS was detected in less than a third of the invertebrate samples, and in none of the macrophytes. 
Concentrations in a freshwater beetle were in excess of the adopted ecological criteria (Figure 9-26). 
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PFAS impact being 
observed at this location. 

6. By what means has PFAS
migrated beyond the
southern Site boundary of
JBRF to Wreck Bay (via
Mary Creek or
Summercloud Creek)?

Generally, the highest PFAS concentrations of PFAS were in the clay pools to the far northwest. Given the 
proximity of these pools to the western end of the east-west runway, it is plausible that PFAS has travelled 
preferentially in a westerly direction along the runway prior to flowing south along the fence-line towards the 
pools. This preferential pathway is further supported by the PFAS concentrations observed in groundwater 
collected from LM_MW01 along the western boundary of the east-west runway. 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

There appears to be connection of the clay pools to JBRF, however it is unclear if this transport is via surface 
water or groundwater. Given the higher concentrations at the northwestern pools, it appears that there may be 
preferential surface water transport along the east/west runway, which may then flow to the south along the JBRF 
fence-line. 

Unnamed Water Feature #3 – Ryans Swamp and south east of Summercloud Creek 

Ryans Swamp is located in 
the far southwest of the 
Investigation Area. It is 
adjacent to the Cave Beach 
campsite to the east. The 
area is not expected to be 
directly used for any 
recreational purpose, and 
did not appear to have a 
suitable freshwater habitat 
for fish at the time of 
sampling. Blacks Waterhole 
and other various water 
features to the far southeast 
of the Investigation Area are 
accessible by walking tracks 
only. 

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

PFAS was not detected above the LOR in sediments collected in the southeastern region of BNP (Figure 9-23). 
PFAS was detected at Ryans Swamp at a maximum concentration of 0.0015 mg/kg sum PFAS (UN3_SD03). The 
concentrations were below the adopted assessment criteria for human health and ecological receptors. 

PFAS was detected in surface water samples from Ryans Swamp (UN3_SW03), and at two locations in the 
southeastern most region of BNP (UN3_SW04 and UN3_SW05). The maximum concentration was reported at 
Ryans Swamp at a concentration of 0.027 µg/L for sum of PFAS (Figure 9-24). Notably, PFAS was detected at 
UN3_SW04 (Whiting Beach, albeit at concentrations close to the LOR, 0.002 µg/L), despite this location 
appearing to have no connection to impacted surface water or groundwater features. 

6. By what means has PFAS
migrated beyond the
southern Site boundary of
JBRF to Wreck Bay (via
Mary Creek or
Summercloud Creek)?

PFAS was identified in the Ryans Swamp environment, however, given the proximity of this area to the Cave 
Beach campground, and no other clear connection to impacted surface water or groundwater features, it is 
possible that the PFAS detected in this area may be from a source or sources other than legacy AFFF use. 

The detection observed at Whiting Beach is less clear, however PFAS concentrations at all locations in this area 
were below the adopted human health and ecological criteria. 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

There does not appear to be a connection of the water features associated with Unnamed Water Feature #3 to 
JBRF or HMAS Creswell, despite PFAS having been identified in surface water collected from these locations. 
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Problem statement Study question Summary of findings – Pathway Characterisation 

Unnamed Water Feature #4 – east of Telegraph Creek 

A groundwater seepage 
sample was collected from 
east of Telegraph Creek. 

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

PFAS was not detected in a sediment sample collected east of Telegraph Creek (Figure 9-27). 

PFOS was detected in surface water samples collected at this location at levels just above the LOR (0.0007 µg/L) 
(Figure 9-28). The level was similar to that reported at TC_SW11, indicating general connectivity between this 
location and the surface water associated with Telegraph Creek. 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

The location appears to be connected to Telegraph Creek, likely via shallow groundwater. 

14. Has PFAS migrated into
the marine areas of Jervis
Bay or Wreck Bay?

PFAS migration into Jervis Bay from Telegraph Creek is not considered significant. 

Jervis Bay Marine 

Three main areas were 
targeted within Jervis Bay 
for sampling of surface 
water, sediment and biota. 
JB_MR01 was located 
immediately north of HMAS 
Creswell and is 
representative of influence 
from Flat Rock Creek. 
JB_MR02 is located near 
the outfall of Telegraph 
Creek, and JB_MR03 was 
selected as a background 
location within the northern 
region of the Bay. PFAS 
was not detected in any 
biota collected from Jervis 
Bay. 

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

PFAS concentrations in marine sediments were below the LOR at JB_MR01 and JB_MR03, and at the LOR 
(0.0005 mg/kg PFOS) at JB_MR02 (outfall from Telegraph Creek, Figure 9-27). 

Concentrations of PFAS were below the LOR in all marine surface water samples collected from Jervis Bay, 
except at JB_SW01, near the outfall of Flat Rock Creek (Figure 9-22). Notably, PFAS other than PFOS + PFHxS 
contributed approximately 87% of the PFAS in the sample. While the results suggest that PFAS is migrating into 
Jervis Bay from Flat Rock Creek, the concentrations were below the adopted assessment criteria for both human 
and ecological receptors. It is anticipated that concentrations continue to decrease with increasing distance from 
Flat Rock Creek. 

A number of biological samples were collected from areas within Jervis Bay. No marine biota samples had 
detections of PFAS (Figure 9-20). 

In conclusion, PFAS was identified in sediments and surface water in the Jervis Bay marine area, however was 
not reported in marine biota. Flat Rock Creek appears to be the major source of PFAS into the Bay (impact via 
Captains Lagoon was not observed, likely due to the lack of connectivity of Captains Lagoon to the Bay). 
Regardless, impact in biota collected from the marine environment was not observed. As such, the risk to 
recreational users and/or consumers of biota collected from the marine environment is low and acceptable and 
does not warrant additional assessment as part of the HHRA. 
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Problem statement Study question Summary of findings – Pathway Characterisation 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

Yes, surface water impact observed at Flat Rock Creek appears to enter Jervis Bay. 

14. Has PFAS migrated into
the marine areas of Jervis
Bay or Wreck Bay?

It appears that PFAS has reached the marine environment at the immediate outfall of Flat Rock Creek into Jervis 
Bay. PFAS was detected slightly above the LOR at FC_SW15 and JB_SW01. Notably, many PFAS compounds 
were detected at JB_SW01, with PFOS + PFHxS only accounting for 13% of the PFAS present in the sample. It 
is noted that this was the only location within Jervis Bay where impact was observed. The results suggest that 
PFAS may become dispersed in the marine system and may not be readily taken up by marine organisms. 

Wreck Bay Marine 

Biota sampling was targeted 
within the Mary Bay and 
Summercloud Bay areas of 
Wreck Bay. These areas are 
known to be heavily utilised 
by the Wreck Bay 
community. Surface water 
was also sampled within the 
Wreck Bay marine region. 

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

Concentrations of PFAS were below the LOR in all marine surface water samples collected from Wreck Bay 
(Figure 9-24). 

A number of biological samples were collected from areas within Wreck Bay. PFAS was detected in less than 
10% of total marine samples, including in one (of three) abalone samples, two (of five) sand whiting fillets, one (of 
five) tailor fillets, and one (of five) urchin samples. None of the detections were in excess of the human health or 
ecological criteria (Figure 9-25 and Figure 9-26). 

In conclusion, PFAS was identified in surface water and biota in the Mary Creek and Summercloud Bay region of 
Wreck Bay. Mary Creek appears to be the major contributor of PFAS to the marine system, particularly during 
periods of wet weather. The results indicate that the risk to recreational users and/or consumers of biota collected 
from the marine environment is low and acceptable and does not warrant additional assessment as part of the 
HHRA. 

13. Has surface water runoff
from JBRF and HMAS
Creswell contributed to the
PFAS impacts identified in
offsite surface waters?

Surface water impact was not observed within surface waters analysed from Wreck Bay. 

14. Has PFAS migrated into
the marine areas of Jervis
Bay or Wreck Bay?

It appears that PFAS has reached the marine environment of Wreck Bay, given the occasional and low level 
detections of PFAS in some biological samples. 
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Problem statement Study question Summary of findings – Pathway Characterisation 

Residential gardens 

Nine residential or publically 
accessible properties were 
sampled for produce across 
the Investigation Area, in 
both Jervis Bay Village and 
Wreck Bay Village. 

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

PFAS was detected in soil at all residential properties, with a maximum concentration of 0.0036 mg/kg PFOS 
reported at VG_TS01 (Figure 9-17). PFOS + PFHxS were the only PFAS detected in residential soils, with the 
exception of PFDoDA reported at VG_TS04 (Figure 9-23). PFAS concentrations were generally lower at 
properties in Wreck Bay Village (maximum of 0.0011 mg/kg PFOS at VG_TS05) than at Jervis Bay Village. Soil 
concentrations were below the criterion protective of residential land use, and less than the adopted ecological 
assessment criteria for the investigation. 

A variety of produce was sampled from the properties, including lemon, tomato, orange, carrot, lilly pilly fruit and 
one chicken egg. PFAS was below the LOR in all samples, with the exception of two lilly pilly fruit samples 
collected from the school at Jervis Bay School (Figure 9-19). PFHxS and PFHxA were detected at the LOR in the 
two samples. These results will be considered further as part of the HHRA. 

In conclusion, the risk of exposure to PFAS at residential properties is considered to be low and acceptable, with 
additional consideration being given to the lilly pilly fruit collected from the school in the HHRA. 

16. Has home grown produce,
or other forms of biota that
are consumed by the local
community, been impacted
via uptake of PFAS from
impacted soil sediment,
groundwater and/or
surface water?

There appears to be some, but limited, uptake of PFAS in lilly pilly fruit located near the school. PFAS was not 
detected in any other produce from residential properties. 

Anecdotal evidence provided to GHD in August 2018 suggests that these detections may be associated with the 
historical spraying of firefighting foam on the school basketball court. 

JBRF terrestrial 

Soil and biota were 
collected from around JBRF. 
This included the collection 
of terrestrial mammals 
(rabbits and foxes) 
associated with a Defence 
sponsored cull. 

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

PFOS was detected in one soil sample collected at JBRF to the southeast of AEC A (0.0004 mg/kg, Figure 9-15). 
This value is less than the adopted human health and ecological assessment criteria for the investigation. 

A number of biological samples were collected from JBRF in two broad areas. PFAS was detected in some of the 
collected biota types, including ants, cockroaches, earthworms, foxes, moths, rabbits, scat, and spiders. While 
terrestrial mammals are understood to no longer be consumed by the Wreck Bay community, they have been 
assessed given the cultural significance of their consumption (e.g. kangaroos and echidnas). Concentrations in 
meat and offal in rabbits were in excess of the adopted human health assessment criteria (Figure 9-25). This 
pathway will be considered further within the HHRA. 

PFAS concentrations in biota were in excess of the adopted ecological criteria for cockroach, earthworm, moth, 
rabbit, and spider (Figure 9-26). These results require additional assessment as part of the ERA. 
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Problem statement Study question Summary of findings – Pathway Characterisation 

17. Have terrestrial ecological
receptors been exposed to
PFAS?

PFAS has been observed to accumulate in terrestrial receptors associated with JBRF. 

HMAS Creswell terrestrial 

Soil and biota were 
collected from around 
HMAS Creswell. This 
included the collection of 
terrestrial mammals (rabbits 
and foxes) arising from a 
Defence sponsored cull 

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

PFOS was detected in one soil sample collected at HMAS Creswell near the retention pond south of AEC E 
(0.0005 mg/kg, Figure 9-8). This value is less than the adopted human health and ecological assessment criteria 
for the investigation. 

A number of biological samples were collected from HMAS Creswell in two broad areas. PFAS was detected in 
some of the collected biota types, including ants, earthworms, flies, millipedes, bracken fern, rabbit liver, spiders 
and beetles. As discussed above, while terrestrial mammals are understood to no longer be consumed by the 
Wreck Bay community, they have been assessed given the cultural significance of their consumption. 
Concentrations in meat and offal of rabbits collected at HMAS Creswell were below the adopted human health 
assessment criteria (Figure 9-19). 

PFAS concentrations in biota were in excess of the adopted ecological criteria for ants, earthworms, flies, 
millipedes, rabbit liver, and spiders (Figure 9-20). These significance of these results will be evaluated further as 
part of the ERA. 

17. Have terrestrial ecological
receptors been exposed to
PFAS?

PFAS has been observed to accumulate in terrestrial receptors associated with HMAS Creswell. 
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14. Conceptual site model
Fundamental to the DSI process is developing a CSM that provides a qualitative description of 
the plausible mechanisms (‘exposure pathways’), by which people or sensitive environmental 
areas (‘receptors’) may be exposed to chemicals in the environment (‘sources’). Potential risks 
to human health cannot occur unless there is a source, pathway and receptor linkage 
associated with an area of contamination. 

A number of potential human and ecological receptors and PFAS exposure pathways were 
identified in the PSI and SAQP (GHD, 2018b) and these potential exposure scenarios were 
used to develop a preliminary CSM that informed the DSI sampling efforts. The data collected in 
the DSI has subsequently been used to refine the CSM and to focus the HHRA and ERA (under 
development at the time of DSI reporting) on the exposure scenarios with the potential to be 
associated with an increased risk of PFAS exposure.  

Table 14-1 to Table 14-7 present an assessment of the potentially complete exposure pathways 
for each scenario identified in the CSM. The data collected from across the Investigation Area 
(soil, sediment, surface water, groundwater and biota) is assimilated in the tables and includes 
the exposure scenarios that may be applicable to each receptor type. Graphical representations 
of the updated CSM are presented in Figure 14-1 to Figure 14-8. 

The tables include a qualitative assessment of the level of risk posed to the receptors 
associated with each potentially complete exposure pathway and a conclusion on whether or 
not the exposure pathway is complete (i.e., if exposure is actually expected to occur). Those 
cases requiring additional assessment will be forwarded to the HHRA or ERA for quantitative 
assessment, as summarised in Table 14-8. 

Additional information on the adopted assessment criteria and the analytical results as they 
relate to each source, pathway and receptor linkage can be found in Section 7 and Section 9, 
respectively. 

As described in Section 7.2, a weight of evidence approach has been adopted in evaluating the 
analytical data obtained during the DSI. The multiple environmental media collected throughout 
the Investigation Area, and the requirement for an ERA and/or HHRA for each individual 
exposure scenario, has been evaluated on the basis of the outcomes of the screening process 
for the data set as a whole. This evaluation has considered all of the potential PFAS exposure 
pathways identified for each individual scenario in the CSM. 
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Table 14-1 CSM and qualitative risk assessment – JBRF personnel 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

JBRF 

JBRF 
Personnel 
(including 
intrusive 
workers) 

Soil 

Dermal 
contact and 
incidental 
ingestion of 
soil 

Source Areas AEC A, AEC B, AEC C, AEC D and AEC H – Soil samples collected from these areas did not contain 
PFAS at concentrations above the adopted human health based assessment levels. Additionally, AEC A (RAN SSSS) 
and AEC C (former fire training area) feature hardstand areas that limit exposure to workers conducting non-intrusive 
activities. On this basis, this pathway is considered to present a low risk of exposure to base workers. 

No - PFAS concentrations are 
low and use of/access to these 

areas is limited 

Onsite soils outside of Source Area AECs – Soil samples collected from Captains Creek headwaters, Flat Rock Creek 
headwaters, Lake McKenzie headwaters, Telegraph Creek headwaters and JBRF terrestrial locations did not contain 
PFAS at concentrations above the adopted human health based assessment levels. The area is currently bushland and 
future development of the area is considered unlikely. On this basis, this pathway is considered to present a low risk of 
exposure to base workers. 

No - PFAS concentrations are 
low and use of/access to these 

areas is limited 

Surface 
water 

Direct 
contact and 
incidental 
ingestion of 
surface 
water 

Source Areas AEC A/B and AEC H – PFOS plus PFHxS was detected in 5 of 12 surface water samples at 
concentrations exceeding the adopted human health based assessment level in the drainage lines between AECs A and 
B and at AEC B. The impacted area is currently unsealed and easily accessible, although use of these areas when 
surface water is flowing is unlikely to occur frequently. Nevertheless, this pathway is considered to present a potentially 
increased risk of exposure to base workers in this area and requires further assessment. 

Yes (AEC A and B drainage 
channels) 

Onsite drainage channels outside of Source Area AECs – PFOS plus PFHxS was detected in 5 of 18 surface water 
samples at concentrations exceeding the adopted human health based assessment level in the drainage lines between 
AECs A and C and at the headwaters of Captains Creek. Access to these areas by base personnel during periods of wet 
weather is unlikely to occur frequently. Nevertheless, this pathway is considered to present a potentially increased risk of 
exposure to base workers in this area and requires further assessment. 

Yes (Onsite drainage channels 
to Captains Lagoon) 

Sediment 

Dermal 
contact and 
incidental 
ingestion of 
sediment 

Source Areas AEC A/B and AEC H – PFOS plus PFHxS was detected in one sediment sample at a concentration 
exceeding the adopted human health based assessment level in the drainage lines between AECs A and B, although it is 
noted that there is no nationally accepted guidance value for sediments. The impacted area is currently unsealed and 
easily accessible but the drainage channel is typically dry. Any use of these areas would be infrequent and short in 
duration. On this basis, this pathway is considered to present a low risk of exposure to base workers in this area. Given 
that there is some uncertainty surrounding the adopted assessment level, the sediment results will however be used in 
conjunction with the surface water results to evaluate PFAS exposures to base personnel within channels 

No - but sediment data from 
AEC A/B will be used in the 

HHRA to evaluate total PFAS 
exposure in channels 

Onsite drainage channels outside of Source Area AECs – Sediment samples collected from Captains Creek 
headwaters, Flat Rock Creek headwaters, Mary Creek headwaters and drainage channels between AECs A and C did 
not contain PFAS at concentrations above the adopted human health based assessment levels. Any use of these areas 
by base personnel would be infrequent and short in duration. On this basis, this pathway is considered to present a low 
risk of exposure to base workers in this area. Given that there is some uncertainty surrounding the adopted human 
health based assessment level, the sediment results will however be used in conjunction with the surface water results to 
evaluate PFAS exposures within channels 

No - but sediment data will be 
used in the HHRA to evaluate 

total PFAS exposure in 
channels 
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Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Ground 
water 

Incidental 
ingestion of 
ground 
water 

Source Areas AEC A, AEC B, AEC C, AEC D and AEC H – PFOS plus PFHxS was detected in 8 of 10 groundwater 
samples from AEC A at a concentration exceeding the adopted human health based assessment level (non-potable). 
PFOS plus PFHxS was detected in 1 of 7 groundwater samples from AEC C at concentrations exceeding the adopted 
human health based assessment level. Groundwater samples collected from AEC B did not contain PFAS at 
concentrations above the adopted human health based assessment levels. Groundwater is not abstracted onsite for any 
purpose but base personnel or contractors may encounter seasonal shallow groundwater, particularly during intrusive 
works. On this basis, this pathway is considered to present a potentially increased risk of exposure to base workers 
and requires further assessment as part of the HHRA. 

Yes* (AEC A and AEC C) 

Onsite groundwater outside of Source Area AECs – PFOS plus PFHxS was detected in 3 of 20 groundwater samples 
from onsite areas outside of the AECs at concentrations exceeding the adopted human health based assessment level 
(recreational and non-potable). The locations exceeding the human health based assessment level were: Captains 
Lagoon headwaters, Lake McKenzie headwaters, and southern boundary of JBRF. Groundwater is not abstracted onsite 
for any purpose. While there is potential for Base personnel or contractors to encounter seasonal shallow groundwater 
when conducting ground-intrusive maintenance activities, these areas are sufficiently far from base operations that any 
intrusive activities are likely to be infrequent. On this basis, this pathway is considered to present a low risk of exposure 
to base personnel. 

No - exposure pathway is 
unlikely to be complete 

Note: 
* Risk to onsite base personnel involved in fire training activities has been assessed separately in the activity specific HHRA (GHD, 2018a). However, it is included above and will be discussed within the HHRA
under development for the sake of completeness.
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Table 14-2 CSM and qualitative risk assessment – HMAS Creswell personnel 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

HMAS 
Creswell 

HMAS 
Creswell 
personnel 
(including 
intrusive 
workers) 

Soil 

Dermal 
contact and 
incidental 
ingestion of 
soil 

Source Areas AEC E and AEC F – Soil samples collected from these areas did not contain PFAS at concentrations 
above the adopted human health based assessment levels. Notably, the public open space assessment level was 
adopted at AEC E due to the former use of this area as a golf course or currently for recreational use. On this basis, this 
pathway is considered to present a low risk of exposure to base personnel. 

No - PFAS concentrations are 
low 

Onsite soils outside of Source Area AECs – Soil samples collected from Captains Lagoon and HMAS Creswell did 
not contain PFAS at concentrations above the adopted human health based assessment levels and use of these areas 
is infrequent. Exposure to soils in other areas within HMAS Creswell is considered to present a low risk of exposure to 
base personnel in this area 

No - PFAS concentrations are 
low and use of/access to these 

areas is limited 

Surface 
water 

Direct 
contact and 
incidental 
ingestion of 
surface 
water 

Source Areas AEC E AEC F and AEC G – PFOS plus PFHxS was detected in 3 of 9 surface water samples from 
AEC E at concentrations exceeding the adopted human health based assessment level. Notably, the exceedances 
were reported at the retention pond to the southwest of the golf course. Irrigation water samples were not above the 
adopted human health based assessment levels. PFOS plus PFHxS was detected in 5 of 5 surface water samples from 
AEC F and AEC G (STP) at concentrations exceeding the adopted human health based assessment level. It is 
expected that workers at AEC G would don PPE, however there is potential for workers to be exposed to surface water 
during activities such as clearing of obstructed drainage channels at AEC F. On this basis, this pathway is considered to 
present a potentially increased risk of exposure to maintenance workers at AEC F and AEC G and requires further 
assessment. 

Yes (AEC F and AEC G) 

Onsite surface water – PFOS plus PFHxS was detected in 2 of 10 surface water samples from the downstream area 
of Captains Lagoon at concentrations in excess of the adopted human health based assessment level for recreational 
use (0.7 µg/L). Surface water samples collected from Flat Rock Creek did not contain PFAS at concentrations above 
the adopted human health based assessment levels. Base personnel would not be expected to use these areas during 
day to day operations and therefore, exposure to surface water from areas other than the AECs within HMAS Creswell 
is considered to present a low risk of exposure to base personnel. 

No - exposure pathway is 
unlikely to be complete 

Sediment 

Dermal 
contact and 
incidental 
ingestion of 
sediment 

Source Areas AEC E and AEC F – Sediment samples collected from these areas did not contain PFAS at 
concentrations above the adopted human health based assessment levels, with the maximum reported concentration at 
least an order of magnitude less. Use of these areas is likely to occur infrequently and for short periods. On this basis, 
this pathway is considered to present a low risk of exposure to base personnel. Given that there is some uncertainty 
surrounding the adopted human health based assessment level, the sediment results will however be used in 
conjunction with the surface water results to evaluate PFAS exposures to base personnel within channels 

No - but sediment data from 
AEC F will be used in the HHRA 
to evaluate total PFAS exposure 

in channels 

Onsite sediment – Sediment samples collected from the onsite portions of Captains Lagoon and Flat Rock Creek did 
not contain PFAS at concentrations above the adopted human health based assessment levels. Base personnel would 
not be expected to utilise these areas during day to day operations and therefore, exposure to sediment in areas other 
than the AECs within HMAS Creswell is considered to present a low risk of exposure to base personnel. 

No - PFAS concentrations are 
low and use of/access to these 

areas is limited 



GHD |  Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 303 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Ground 
water 

Incidental 
ingestion of 
ground 
water 

Source Areas AEC E and AEC F – PFOS plus PFHxS was detected in 2 of 6 groundwater samples from AEC E at a 
concentration exceeding the adopted human health based assessment level (recreational and non-potable). PFOS plus 
PFHxS was detected in 2 of 3 groundwater samples from AEC F at concentrations exceeding the adopted human 
health based assessment level. Groundwater is not abstracted onsite for any purpose. Base personnel or contractors 
may however encounter seasonal shallow groundwater when conducting ground-intrusive maintenance activities. On 
this basis, this pathway is considered to present a potentially increased risk of exposure to Base workers, particularly 
maintenance workers conducting intrusive works, and requires further assessment in the HHRA. 

Yes (AEC E and AEC F) 

Onsite groundwater outside of Source Area AECs – PFOS plus PFHxS was detected in 3 of 6 groundwater samples 
from onsite areas outside the AECs at concentrations exceeding the adopted human health based assessment level 
(recreational and non-potable). The locations where groundwater concentrations exceeded the assessment level were 
between the STP and Captains Lagoon, and north of AEC E. Groundwater is not abstracted onsite for any purpose. 
While there is potential for Base personnel or contractors to encounter seasonal shallow groundwater when conducting 
intrusive activities, these areas are sufficiently far from base operations that intrusive activities are unlikely to be 
required frequently. On this basis, this pathway is considered to present a low risk of exposure to maintenance workers 
in this area. 

No - exposure pathway is 
unlikely to be complete 
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Table 14-3 CSM and qualitative risk assessment – BNP Workers 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Booderee 
National 
Park 
(BNP) 

BNP 
workers 

Soil 

Dermal 
contact and 
incidental 
ingestion of 
soil 

Offsite soils in BNP – Soil samples collected from Bherwerre Barrier, Captains Lagoon [offsite], Lake McKenzie 
and Lake Windermere did not contain PFAS at concentrations above the adopted human health based 
assessment levels. Additionally, BNP workers would be expected to be mobile throughout the park with limited 
exposure to any one area for an extended period. On this basis, this pathway is considered to present a low risk 
of exposure to BNP workers in these areas. 

No - PFAS concentrations are 
low 

Surface 
water 

Dermal 
contact and 
incidental 
deliberate 
ingestion of 
surface water 

Offsite surface water in BNP – PFOS plus PFHxS was detected in 4 of 26 surface water samples from Captains 
Lagoon at concentrations exceeding the human health based assessment level (0.7 µg/L) with concentrations up 
to 1.9 µg/L. PFOS plus PFHxS was not detected in any samples collected from within Flat Rock Creek, the wider 
BNP, Wreck Bay or Jervis Bay at concentrations exceeding the recreational level. The exceedances of the 
recreational levels in Captains Lagoon were recorded in samples collected on the boundaries at JBRF and HMAS 
Creswell. This waterbody is estuarine and is not expected to be a source of drinking water for BNP workers. 
Additionally, BNP workers would be expected to be mobile throughout the park with limited exposure to any one 
area for an extended period. On the basis that marginal exceedances of the adopted human health based 
assessment level were identified in only 4 samples collected from the entire BNP dataset (>100 samples), this 
pathway is considered to present a low risk of exposure to BNP workers. It is considered that consumption of 
surface water from around the Investigation Area by BNP workers is low and infrequent, and therefore not 
considered further within the HHRA. 
Sampling conducted as part of the DSI found trace concentrations of PFAS in Lake Windermere in some water and 
biota samples. The levels in the water samples (up to 0.0016 ug/L for sum of PFHxS and PFOS) were at least 40 
times less than the drinking water criterion (0.07 ug/L for sum of PFHxS and PFOS) and no PFAS compounds 
were detected in treated water samples. 
The results suggest that while there may be trace levels of PFAS in Lake Windermere, the concentrations are 
significantly below levels that would be of concern for human health, even if the raw water were to be consumed 
untreated. The activated carbon filtration stage of the water treatment process has demonstrated that these trace 
levels are reduced even further, noting again that PFAS was not detected at all in treated water samples. 

No - PFAS concentrations are 
low and use of Captains 

Lagoon is likely to be 
infrequent 

Sediment 

Dermal 
contact and 
incidental 
ingestion of 
sediment 

Offsite sediments from BNP surface water features – Sediment samples collected from Captains Lagoon 
[offsite], Flat Rock Creek [estuary], Jervis Bay [marine], Lake McKenzie, Lake Windermere, Summercloud Creek 
[estuary], Telegraph Creek and Unnamed Waterbodies near Blacks Waterhole did not contain PFAS at 
concentrations above the adopted human health based assessment level. Additionally, BNP workers would be 
expected to be mobile throughout the park with limited exposure to any one area for an extended period, with 
limited exposure to sediments during the working day. On this basis, this pathway is considered to present a low 
risk of exposure to BNP workers in these areas. 

No - PFAS concentrations are 
low and use PFAS impacted 

areas is likely to be infrequent 
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Table 14-4 CSM and qualitative risk assessment – Jervis Bay Village residents 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Jervis Bay 
Village 

Residents 
(note that 
recreational 
use of the 
BNP by all 
parties is 
considered 
in 
Table 13-5) 

Soil 
Dermal contact 
and incidental 
ingestion of soil 

Soil from residential gardens – Soil samples collected from gardens at Jervis Bay Village did not 
contain PFAS at concentrations above the adopted human health based assessment levels. On this 
basis, this pathway is considered to present a low risk of exposure to Jervis Bay Village residents. 

No - PFAS concentrations are 
low 

Ground 
water 

Groundwater use 
(potable and 
non-potable) 

Groundwater extraction - The available data suggests that groundwater is not abstracted within the 
Investigation Area for any purpose. On this basis, exposure to groundwater offsite is not considered to be 
a complete pathway within the Investigation Area and on this basis, this pathway is considered to present 
a low risk of exposure to offsite groundwater. 

No - exposure pathway is 
unlikely to be complete 

Biota 

Direct 
consumption of 
home grown 
produce 

Produce from residential gardens – Produce samples collected from gardens at Jervis Bay Village did 
not contain PFAS at concentrations above the adopted human health based assessment levels. 
However, lilly pilly fruit collected from the school had concentrations of PFOS plus PFHxS at a 
concentration marginally exceeding the adopted human health based assessment level in 2 of 15 
analyses of five samples (five fruit samples analysed in triplicate). Lilly pilly fruit sourced from the school 
are unlikely to make a substantial contribution to the dietary intake of Jervis Bay residents and in the 
context of the marginal nature of the exceedances, this pathway is considered to present a low risk of 
exposure to Jervis Bay Village residents 

Yes - consumption of PFAS 
impacted lilly pillies is unlikely 

to be substantial but this 
exposure pathway will be 
evaluated in the HHRA for 

completeness 
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Table 14-5 CSM and qualitative risk assessment – Wreck Bay Village residents 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Wreck 
Bay 
Village, 
BNP 
and 
403 
lands 

Wreck Bay 
Village 
Residents 

Soil 

Dermal contact 
and incidental 
ingestion of 
soil 

Soil from residential gardens and within 403 lands – Soil samples collected from gardens at Wreck Bay 
Village and from 403 lands around Mary Creek did not contain PFAS at concentrations above the adopted 
human health based assessment levels. On this basis, this pathway is considered to present a low risk of 
exposure to Wreck Bay Village residents. 

No - but soil data from these 
areas will be used to evaluate 

total PFAS exposure to 
residents 

Offsite soils in BNP – Soil samples collected from Bherwerre Barrier, Lake McKenzie and Lake Windermere 
did not contain PFAS at concentrations above the adopted human health based assessment levels. 
Additionally, users of BNP would be expected to be mobile throughout the park with limited exposure to any 
one area for an extended period. On this basis, this pathway is considered to present a low risk to Wreck Bay 
Village residents. 

No - PFAS concentrations are 
low and use PFAS impacted 

areas is likely to be infrequent 

Surface 
water 

Incidental and 
deliberate 
ingestion of 
surface water 

Surface water from within 403 lands and BNP – PFOS plus PFHxS was detected in 7 of 15 freshwater 
surface water samples from Mary Creek at concentrations exceeding the adopted human health based 
assessment level. PFOS plus PFHxS was detected in 1 of 7 freshwater surface water samples from the 
Unnamed Pools south of JBRF at a concentration exceeding the adopted human health based assessment 
level. PFOS plus PFHxS was detected in 5 of 5 offsite freshwater surface water samples from Captains Lagoon 
at a concentration exceeding the drinking water assessment level but not the recreational level. PFOS plus 
PFHxS was detected in 4 of 4 offsite freshwater surface water samples from Flat Rock Creek at concentrations 
exceeding the drinking water assessment level but not the recreational level. PFAS concentrations in surface 
water samples collected from Lake McKenzie, Lake Windermere, Summercloud Creek, Unnamed Waterbodies, 
and Wreck Bay did not exceed the adopted human health based assessment levels. 
Users of the 403 lands and BNP would be expected to be mobile, with limited exposure to any one area for an 
extended period. However, it is acknowledged that the Wreck Bay community regularly uses Mary Creek for 
cultural and recreational purposes. This pathway is considered to present a potentially increased risk of 
exposure to Wreck Bay Village residents and requires further assessment as part of the HHRA. 

Yes (Particularly Mary Creek 
and Unnamed Pools) 

Sediment 

Dermal contact 
and incidental 
and deliberate 
ingestion of 
sediment 

Sediments from within 403 lands and BNP – Sediment samples collected from surface water features within 
403 lands and BNP did not contain PFAS at concentrations above the adopted human health based 
assessment levels. However, given the cultural significance of the unnamed pools to the south of JBRF, this 
pathway is considered to present a potentially increased risk of exposure to Wreck Bay residents and 
requires further assessment as part of the HHRA. 

Yes (particularly within the 
unnamed pools to the south of 

JBRF) 

Ground 
water 

Groundwater 
use (potable 
and 
non-potable) 

It was reported by the Wreck Bay community that children splash in daylighting groundwater, however 
groundwater samples collected from the area where this is reported to occur (MC_MW03) did not contain 
measurable concentrations of PFAS. As such, this pathway is considered to present a low risk of exposure to 
Wreck Bay residents. 

No - PFAS concentrations are 
low and use PFAS impacted 

areas is likely to be infrequent 

Home- grown 
Produce 

Consumption 
of home grown 
produce 

Produce from residential gardens – Produce samples collected from gardens at Wreck Bay Village did not 
contain PFAS at concentrations above the adopted human health based assessment levels. However, lilly pilly 
fruit collected from the school had concentrations of PFOS plus PFHxS at a concentration marginally exceeding 
the adopted human health based assessment level in 2 of 15 analyses of five samples (five fruit samples 
analysed in triplicate). Lilly pilly fruit sourced from the school are unlikely to make a substantial contribution to 
the dietary intake of Wreck Bay Village residents and in the context of the marginal nature of the exceedances, 
this pathway is considered to present a low risk of exposure to Wreck Bay Village residents. 

Yes - consumption of PFAS 
impacted lilly pillies is unlikely 

to be substantial but this 
exposure pathway will be 
evaluated in the HHRA for 

completeness 
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Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 
A chicken egg collected from a residential property did not contain detectable concentrations of PFAS. No - PFAS was not detected. 

Terrestrial 
Biota 

Consumption 
of terrestrial 
biota 

Terrestrial biota from 403 lands and BNP – Concentrations of PFAS in terrestrial flora did not exceed the 
adopted human health based assessment levels. However, given that PFAS was detected in mosses at Mary 
Creek, which are known to be used for medicinal purposes, this exposure pathway will be evaluated in the 
HHRA. While no longer practiced by the community, consumption of terrestrial mammals represent a culturally 
significant pathway for the Wreck Bay community. No terrestrial mammals were culled from Wreck Bay lands 
during the sampling works, however the results of the culls at JBRF and HMAS Creswell have been considered 
as a conservative measure. PFOS plus PFHxS was detected in 3 rabbit hindquarter samples from JBRF at 
concentrations exceeding the adopted human health based assessment level (0.0035 mg/kg). PFOS plus 
PFHxS was detected in 3 rabbit liver samples from JBRF at concentrations exceeding the adopted human 
health based assessment level (0.096 mg/kg). While not currently complete, this exposure pathway will be 
evaluated in the HHRA for cultural consideration. 

Yes (cultural consideration of 
mosses and terrestrial fauna) 

Aquatic Biota Consumption 
of aquatic biota 

Aquatic biota from BNP and 403 lands – PFOS plus PFHxS was detected in 4 of 4 edible finfish samples 
(whitebait) from Mary Creek at concentrations exceeding the adopted human health based assessment level. 
PFOS plus PFHxS was detected in 10 of 18 edible invertebrate (prawn and spiny crayfish) samples from Mary 
Creek at concentrations exceeding the adopted human health based assessment level. PFOS plus PFHxS was 
detected in 2 of 17 edible finfish samples (bream) from Summercloud Creek at a concentration exceeding the 
adopted human health based assessment level. Edible invertebrate samples (27) collected from Summercloud 
Creek did not contain PFAS at concentrations above the adopted human health based assessment levels. 
PFAS concentrations in other parts of the BNP were below the adopted human health based assessment 
levels. 
It is expected that Wreck Bay Village residents would be mobile throughout the BNP and 403 lands and would 
fish from multiple areas. However, due to the exceedances at Mary Creek and Summercloud Creek, this 
pathway is considered to present a potentially increased risk of exposure to Wreck Bay Village residents. 

Yes (Mary Creek and 
Summercloud Creek) 

Aquatic biota from Wreck Bay (marine) – Edible finfish and invertebrate samples (48) collected from Wreck 
Bay [marine] did not contain PFAS at concentrations above the adopted human health based assessment 
levels and PFAS detections were generally only marginally above laboratory limits of reporting. 

No - PFAS concentrations are 
low 



GHD |  Report for Department of Defence - Jervis Bay Range Facility & HMAS Creswell, 2126171 | 308 

Table 14-6 CSM and qualitative risk assessment – Recreational users of BNP 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Human Health 
Risk Assessment 

Required? 

Publically 
accessible 
areas outside 
of 403 lands, 
including 
Jervis Bay, 
Summercloud 
Bay and 
Booderee 
National Park 
(BNP) 

Recreational 
users 

Soil 

Dermal 
contact and 
incidental 
ingestion of 
soil 

Offsite soils in BNP – Soil samples collected from Captains Lagoon [offsite], Lake McKenzie and Lake 
Windermere did not contain PFAS at concentrations above the adopted human health based assessment 
levels, with the PFAS detections being marginally in excess of the laboratory limits of reporting. Additionally, 
recreational users of BNP would be expected to be mobile throughout the park with limited exposure to any 
one area for an extended period. On this basis, this pathway is considered to present a low risk of exposure 
to recreational users of BNP. 

No - PFAS concentrations are 
low and use of PFAS 

impacted areas is likely to be 
infrequent 

Sediment 

Dermal 
contact and 
incidental 
ingestion of 
sediment 

Offsite sediments from BNP surface water features and Jervis Bay – Sediment samples collected from 
Captains Lagoon [offsite], Flat Rock Creek [estuary], Jervis Bay [marine], Lake McKenzie, Lake Windermere, 
Telegraph Creek and Summercloud Creek (estuary]) did not contain PFAS at concentrations above the 
adopted human health based assessment levels, with the maximum reported concentration at least an order 
of magnitude less than these levels. Additionally, recreational users of BNP would be expected to be mobile 
throughout the park with limited short term exposure likely to any one area for an extended period. On this 
basis, this pathway is considered to present a low risk of exposure to recreational users of north BNP. 
Given that there is some uncertainty surrounding the adopted human health based assessment level, the 
sediment results will however be used in conjunction with the surface water results and outcomes of the 
extensive biological sampling to evaluate total PFAS exposures to users of Flat Rock Creek and Captains 
Lagoon. 

No - but sediment data will be 
used in the HHRA to evaluate 

total PFAS exposure to 
recreational users of Flat 

Rock Creek/Captains Lagoon 

Surface 
water 

Direct 
contact and 
incidental 
ingestion of 
surface 
water 

Offsite surface water from BNP – PFOS plus PFHxS was detected in 4 of 26 surface water samples from 
Captains Lagoon at concentrations exceeding the adopted human health based assessment level (0.7 µg/L) 
with concentrations up to 1.9 µg/L. PFOS plus PFHxS was not detected in any samples collected from within 
Flat Rock Creek, the wider BNP, Wreck Bay or Jervis Bay at concentrations exceeding the recreational level. 
The exceedances of the recreational levels in Captains Lagoon were recorded in samples collected on the 
boundaries at JBRF and HMAS Creswell. This waterbody is estuarine and is not expected to be a source of 
drinking water for recreational users of the BNP. Additionally, recreational users of the BNP would be 
expected to be mobile throughout the park with limited exposure to any one area for an extended period. On 
the basis that marginal exceedances of the adopted human health based assessment level were identified in 
only 4 samples collected from the entire BNP dataset (>100 samples), this pathway is considered to present 
a low risk of exposure to recreational users of BNP. It is not expected that recreational users will use fresh 
surface water for potable drinking water. 

No - but surface water data 
will be used in the HHRA to 

evaluate total PFAS exposure 
to recreational users of Flat 

Rock Creek/Captains Lagoon 

Aquatic 
biota 

Consumption 
of aquatic 
biota 

Aquatic biota from BNP – PFOS plus PFHxS was detected in 28 of 33 edible finfish samples collected from 
Captains Lagoon at concentrations exceeding the adopted human health based assessment level. PFOS 
plus PFHxS was detected in one edible shrimp tail from Captains Lagoon at a concentration exceeding the 
adopted human health based assessment level. 
PFOS plus PFHxS was detected in 6 of 27 edible finfish samples from accessible regions of Flat Rock Creek 
at concentrations exceeding the adopted human health based assessment level. PFOS plus PFHxS was 
detected in 6 of 12 edible invertebrates (whelk) from accessible regions of Flat Rock Creek at concentrations 
exceeding the adopted human health based assessment level. 

Yes (Flat Rock Creek and 
Captains Lagoon) 

Aquatic biota from Jervis Bay – Edible finfish and invertebrate samples collected from Jervis Bay [marine] 
did not contain PFAS at concentrations above the laboratory limit of reporting. 

No - PFAS concentrations are 
low 
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Table 14-7 CSM and qualitative risk assessment – Ecological receptors 

Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Ecological 
Risk Assessment 

Required? 

JBRF Ecological 
receptors 

Soil 
Direct 
contact and 
uptake of soil 

Onsite soils (JBRF) – Soil samples collected from AEC A (including soils from FC_MW03), AEC B, AEC C and 
AEC D had PFAS concentrations in excess of the adopted ecological health assessment level. Notably, soils 
collected from areas where terrestrial biota were sampled were below the adopted ecological health 
assessment level. The areas where exceedances were observed are expected to have limited ecological 
significance however, the areas are unsealed in some places and easily accessible to terrestrial ecology, in 
addition to terrestrial biota sampled containing detectable levels of PFAS across JBRF. On this basis, this 
pathway is considered to present a potentially increased risk of exposure to ecological receptors and requires 
further assessment as part of the ERA. 

Yes (AEC A, B, C and D) 

Sediment 

Direct 
contact and 
uptake of 
sediment 

Onsite sediments (JBRF) – One sediment sample collected from the onsite drainage channels (AEC A/B) had 
PFAS in excess of the adopted ecological health assessment level. It is understood that these drainage lines 
are ephemeral, only holding water in the days following rainfall events and provide limited ecological habitat. On 
this basis, this pathway is considered to present a low risk of exposure to ecological receptors at JBRF. 

No - onsite drainage 
channels provide limited 

ecological habitat 

Surface 
water 

Ingestion or 
direct uptake 
of surface 
water 

Onsite surface water (JBRF) –95%  Surface water samples from AEC B, reported PFOS/PFHxS 
concentrations in excess of the adopted ecological health assessment level (95% species protection). This 
pathway is therefore considered to present a potentially increased risk of exposure to ecological receptors, 
although exposure is likely to be intermittent, given the ephemeral nature of the channels. PFAS concentrations 
in surface water collected from the remainder of JBRF were not elevated relative to the adopted ecological 
health assessment levels (80% species protection for AEC A and 95% species protection for all other areas). 
The drainage channels within AEC A are located in highly modified operational areas and provide limited 
ecological habitat. On this basis, outside of AEC B, this pathway is considered to present a low risk of exposure 
to aquatic ecological receptors at JBRF. 

YES  (AEC B 

HMAS 
Creswell 

Ecological 
receptors 

Soil 
Direct 
contact and 
uptake of soil 

Onsite soils (HMAS Creswell) – Soil samples collected from AEC E had PFAS in excess of the adopted 
ecological health assessment level. Notably, soils collected from areas where terrestrial biota were sampled had 
PFAS concentrations the adopted ecological health assessment level. Kangaroos and wallabies are abundant in 
the area and is unsealed and easily accessible to terrestrial ecology, in addition to terrestrial biota sampled from 
HMAS Creswell containing detectable levels of PFAS. On this basis, this pathway is considered to present a 
potentially increased risk of exposure to ecological receptors and requires further assessment as part of the 
ERA. 

Yes (AEC E) 

Sediment 

Direct 
contact and 
uptake of 
sediment 

Onsite sediments (HMAS Creswell) – Sediment samples collected from Flat Rock Creek and Captains 
Lagoon did not contain PFAS at concentrations above the adopted ecological health assessment levels. On this 
basis, this pathway is considered to present a low risk of exposure to ecological receptors at HMAS Creswell. 
Given that there is some uncertainty surrounding the adopted ecological health assessment level, the sediment 
results will be used in conjunction with the surface water results and outcomes of the extensive biological 
sampling to evaluate the accumulation of PFAS in ecological receptors. 

No - but sediment data 
from Flat Rock Creek and 
Captains Lagoon will be 

used in the ERA to 
evaluate total PFAS 

exposure 

Surface 
water 

Ingestion or 
direct uptake 
of surface 
water 

Onsite surface water (HMAS Creswell) – Surface water samples collected from AEC E, AEC F, Flat Rock 
Creek and Captains Lagoon had PFAS at concentrations greater than the adopted ecological health 
assessment level. The area, while developed, is known to provide habitat for terrestrial and aquatic ecological 
receptors. On this basis, this pathway is considered to present a potentially increased risk of exposure to 
ecological receptors and requires further assessment as part of the ERA. 

Yes (Flat Rock Creek and 
Captains Lagoon) 
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Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Ecological 
Risk Assessment 

Required? 

Offsite Ecological 
receptors 

Soil 
Direct 
contact and 
uptake of soil 

Offsite soils (broader Investigation Area) – No soil sample collected from any of the offsite locations 
contained PFAS at concentrations above the adopted ecological health assessment levels. While the there are 
some limitations to the adopted ecological health assessment levels, the PFAS concentrations measured in all 
samples were several orders of magnitude lower than these criteria. On this basis, this pathway is considered to 
present a low risk of exposure to ecological receptors throughout the offsite Investigation Area. The extensive 
biological sampling conducted at this location provides a thorough understanding of the accumulation of PFAS 
in ecological receptors. 

No - PFAS concentrations 
are low 

Sediment 

Direct 
contact and 
uptake of 
sediment 

Offsite sediments (broader Investigation Area) – No sediment sample collected from any of the offsite 
locations recorded PFAS at concentrations above the adopted ecological health assessment levels and the 
PFAS detections in offsite sediment were generally only marginally above laboratory detection limits. On this 
basis, this pathway is considered to present a low risk of exposure to ecological receptors throughout the 
Investigation Area. Given that there is some uncertainty surrounding the adopted assessment level, the 
sediment results will be used in conjunction with the surface water results and outcomes of the extensive 
biological sampling to evaluate the accumulation of PFAS in ecological receptors. 

No - but offsite sediment 
data will be used in the 
ERA to evaluate total 

PFAS exposure 

Surface 
water 

Ingestion or 
direct uptake 
of surface 
water 

Offsite surface water (broader Investigation Area) – Surface water samples collected from Mary Creek had 
PFAS concentrations in excess of the adopted ecological health assessment level. No other offsite location had 
concentrations of PFAS exceeding this value. BNP is ecologically sensitive, however, the extensive biological 
sampling conducted across the Investigation Area provides commentary on the accumulation of PFAS in 
ecological receptors. On this basis, this pathway is considered to present a potentially increased risk of 
exposure to ecological receptors at Mary Creek only and requires further assessment as part of the ERA. 

Yes (Mary Creek) 

Entire 
Investigation 
Area 

Higher tropic 
level 
organisms 

Macrophytes 
and 
microalgae 

Consumption 
by higher 
trophic level 
organisms 

Macrophytes and macroalgae – PFOS plus PFHxS was only detected in plants at Captains Lagoon (branched 
algae, moss from bounders, an unknown rush and an unnamed macrophyte) and Mary Creek (tree fern, moss 
from bounders and an unnamed macrophyte). Samples of branched algae and unnamed macrophyte from 
Captains Lagoon and samples of all plant types from Mary Creek had concentrations of PFOS plus PFHxS in 
excess of the adopted ecological health assessment levels. On this basis, this pathway is considered to present 
a potentially increased risk of exposure to ecological receptors and requires further assessment as part of the 
ERA. 

Yes (Mary Creek and 
Captains Lagoon) 

Aquatic 
invertebrates 

Aquatic invertebrates – PFOS plus PFHxS was detected in invertebrates at Captains Lagoon (shrimp, worm, 
beach worm, dragonfly, yabby and leptoceridae), Flat Rock Creek (whelk and yabby) and Mary Creek (beach 
worm, prawn and spiny crayfish) at concentrations in excess of the adopted ecological health assessment level. 
On this basis, this pathway is considered to present a potentially increased risk of exposure to ecological 
receptors and requires further assessment as part of the ERA. 

Yes (Mary Creek, Flat 
Rock Creek and Captains 

Lagoon) 

Aquatic 
vertebrates 

Aquatic vertebrates – PFOS plus PFHxS was detected in vertebrates at Captains Lagoon (bream, mullet and 
whitebait), Flat Rock Creek (mullet and whitebait), Lake McKenzie (galaxid) and Mary Creek (gudgeon, mullet, 
whitebait and smelt) and Summercloud Creek (galaxid) at concentrations in excess of the adopted ecological 
health assessment level. On this basis, this pathway is considered to present a potentially increased risk of 
exposure to ecological receptors and requires further assessment as part of the ERA. 

Yes (Mary Creek, 
Summercloud Creek, 

Lake McKenzie, Flat Rock 
Creek and Captains 

Lagoon) 
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Area Potential 
Receptors 

Exposure 
Media 

Exposure 
Pathway Qualitative Risk Assessment 

Further Ecological 
Risk Assessment 

Required? 

Terrestrial 
flora 

Flora – Terrestrial flora samples collected from Captains Lagoon, HMAS Creswell, residential gardens, JBRF, 
Lake McKenzie and Mary Creek did not contain PFAS at concentrations above the adopted ecological health 
assessment levels. The majority of samples did not report detectable PFAS concentrations, with a limited 
number of samples reporting PFAS concentrations marginally in excess of the laboratory detection limits. On 
this basis, this pathway is considered to present a low risk of exposure to terrestrial ecological receptors across 
the Investigation Area. 

No - PFAS concentrations 
are low 

Terrestrial 
invertebrates 

Terrestrial invertebrates – PFOS plus PFHxS was detected in invertebrates at Captains Lagoon 
(millipedes/centipedes and spiders), HMAS Creswell (ants, earthworms, flies, millipedes and spiders), JBRF 
(bush cockroach, earthworm, moth and spider), Lake McKenzie (snail and spider) Mary Creek (beetle, flying 
insect, leech, millipede, spider and worm), and Summercloud Creek (millipede and spider) at concentrations in 
excess of the adopted ecological health assessment levels. On this basis, this pathway is considered to present 
a potentially increased risk of exposure to ecological receptors and requires further assessment as part of the 
ERA. 

Yes (Mary Creek, 
Summercloud Creek, 

Lake McKenzie, HMAS 
Creswell and Captains 

Lagoon) 

Terrestrial 
vertebrates 

Terrestrial vertebrates – PFOS plus PFHxS was detected in vertebrates at HMAS Creswell (rabbit) and JBRF 
(rabbit and fox) at concentrations in excess of the adopted ecological health assessment levels. On this basis, 
this pathway is considered to present a potentially increased risk of exposure to ecological receptors and 
requires further assessment as part of the ERA. 

Yes (JBRF and HMAS 
Creswell) 
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Table 14-8 Summary of the CSM exposure scenarios that will be progressed to the HHRA or ERA 

Potential Receptors Exposure Scenario Progressed to the HHRA/ERA 
Human Receptors 

Base Personnel (including intrusive workers) 

Direct contact with PFAS impacted surface water and sediment when working within drainage channels at JBRF (AEC A/B and at the headwaters of 
Captains Lagoon) and HMAS Creswell (AEC F and STP) 

Direct contact with shallow groundwater when undertaking intrusive works within JBRF (AEC A and C) and HMAS Creswell (AEC E/F) 

Jervis Bay Village residents (including school 
children) Consumption of lilly pilly sourced from the school 

Wreck Bay Village residents 

Incidental and deliberate ingestion of sediment and surface water (particularly in Mary Creek and the unnamed pools south of JBRF) 

Consumption of lilly pilly sourced from the school 

Consumption of terrestrial biota (considered for cultural reasons only) 

Consumption of aquatic biota from Mary Creek and Summercloud Creek 

Recreational users of BNP Consumption of aquatic biota from Flat Rock Creek and Captains Lagoon 

Ecological Receptors 

Terrestrial organisms 
Direct contact with soil onsite at JBRF (AEC A/B/C/D) and HMAS Creswell (AEC E) 

Bioaccumulation in the food chain onsite (JBRF and HMAS Creswell) and offsite (surrounds of Mary Creek, Summercloud Creek, Lake McKenzie and 
Captains Lagoon) 

Aquatic organisms 
Direct contact with surface water and sediment in Captains Lagoon, Flat Rock Creek and Mary Creek (including the headwaters within JBRF) 

Bioaccumulation in the food chain onsite (JBRF and HMAS Creswell) and offsite (Mary Creek, Summercloud Creek, Lake McKenzie, Flat Rock Creek and 
Captains Lagoon) 
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15. Areas of uncertainty
Assessment of site contamination follows a staged scientific process whereby uncertainties 
previously not identified or understood may arise as new information is gathered. The ASC 
NEPM recognises this and allows for further investigation through a Tier 2 process in cases 
where a greater level of certainty may be required. 

The contamination source zones, transport pathways and receptors within the Investigation 
Area are complex and dynamic systems which the DSI has sought to understand through a 
comprehensive and wide-ranging scope. 

In some cases, the results of the DSI may not be of sufficient detail to provide the specific input 
parameters for contamination management and risk mitigation design, or to fully understand the 
risk. This is particularly relevant where seasonal/climatic influences may have an effect on 
parameters such as surface water, groundwater and the abundance and type of biota. In these 
circumstances, further investigation such as infill sampling and analysis or time series 
monitoring data may be necessary within specific areas.  

Table 15-1 provides an overview of the DSI areas of uncertainly where this may apply, as well 
as the significance of each and impact to the outcomes of the DSI. 

Table 15-1 Areas of uncertainty, and significance & impact to the DSI 

Area of uncertainty Significance 
of uncertainty 
to the DSI 

Does this 
impact the 
outcomes 
of the DSI? 

Delineation 
The sampling program was based on a targeted strategy following 
the NEPM process whereby sources, pathways and receptors that 
were considered to be part of a PFAS pollutant linkage in the CSM 
developed as part of the PSI were preferentially targeted. Due to 
the large lateral extent of the investigation area, the sample density 
within areas outside the targeted areas may not be sufficient to 
identify the presence of additional primary source areas or hotspots 
through sampling alone. However, this is not considered to be a 
concern for the DSI given the comprehensive nature of the PSI 
information upon which the DSI sampling strategy is based. 

Low No 

In areas where AFFF has been discharged, concrete infrastructure 
has the potential to become an ongoing source of PFAS 
contamination. The DSI has included sampling of concrete in some 
key source areas to understand this aspect of the CSM. Further 
studies including a more extensive concrete sampling program and 
leachability testing would be required to understand this issue 
further, specifically around AEC F. This information would be used 
to inform and prioritise source control management strategies in 
relation to contaminated concrete infrastructure. 

Low No 

Monitoring of PFAS levels in water courses consisted of a single dry 
weather event and a single wet weather event. While the results 
provide an understanding of the range in PFAS mass flux between 
dry weather and wet weather conditions, they don’t provide a mean 
concentration over an annual period. 

Medium No 
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Area of uncertainty Significance 
of uncertainty 
to the DSI 

Does this 
impact the 
outcomes 
of the DSI? 

The well network installed and sampled as part of the DSI was 
designed with the purpose of assessing migration of PFAS through 
the aquifer. The outcome of this portion of the investigation program 
has also been used in the assessment of PFAS mass and also 
mass flux via groundwater. Whilst the assessment of mass flux was 
subject to a number of assumptions, primarily associated with the 
modelling, the use of maximum groundwater concentrations is 
considered suitable as a sensitivity analysis. It is considered that 
installation of additional groundwater wells may not add further 
value in assessing PFAS mass, as the relative mass compared to 
the sorbed soil phase is low. Ongoing monitoring events will 
however, add further value in assessing seasonal variability in 
PFAS concentrations as well as gauging the success of any 
remedial actions. 

Low No 

The means by which PFAS has been released to surface water in 
Lake Windermere and Lake McKenzie is not clear. While the lakes 
are unlikely to be in hydraulic connection with the upper aquifer 
(where the majority of the PFAS impacts to groundwater have been 
detected), it may be in connection with the deeper bedrock aquifer. 
Low concentrations of PFAS were detected in the deeper bedrock 
aquifer that may account for the trace levels of PFAS detected in 
the lakes. Surface water run off - either from JBRF or bush fire 
fighting activities - are also potential sources of PFAS to the 
western catchments. Further studies (that could include the 
installation of additional wells, more regular groundwater and 
surface water sampling) could be conducted to better understand 
the flux of PFAS to the lakes. 

High No 

Biota sampling 
The biota sampling program focused on a selection of species and 
numbers in an attempt to minimise impact to the ecosystem. Given 
the sensitivity of the environment, lower trophic levels were targeted 
to minimise ecological harm. It is also noted that in some cases, 
sampling success was limited, despite considerable effort, to 
capture the numbers of species prescribed in the SAQP. In these 
cases, it is considered that abundance was sufficiently limited that 
additional time spent sampling would not have resulted in additional 
samples being collected. 

Medium No 

The testing of species of relevance to human health - such as fish 
and crustaceans – has been prioritised during the biota sampling 
program. Areas of highest anticipated impact were initially targeted 
including Mary Creek and Captains Lagoon, although it is noted that 
recreational fishing or biota collection occurs in other areas across 
the Investigation Area. Regardless, GHD considers this approach 
has allowed collection of species that has provided a reasonable 
maximum estimate of exposure. Many species such as fish may be 
highly mobile, but the numbers of many of the species captured as 
part of this study allow an understanding of the range of PFAS 
concentrations that may be present. 

Low No 

Although some uncertainty regarding impact in biota remains at 
individual locations, the overall sampling effort across the 
Investigation Area is considered to be robust and has allowed a 
comprehensive characterisation. Further biota sampling may be 
warranted at some locations if additional levels of certainty are 
required for the purposes of dietary advice. 

Low No 

Interpretation methods 
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Area of uncertainty Significance 
of uncertainty 
to the DSI 

Does this 
impact the 
outcomes 
of the DSI? 

The DSI has sought to estimate the mass of PFAS within the three 
key source areas for the purposes of prioritisation and 
contamination management decision making. The estimates are 
based on broad assumptions and would need refinement for the 
purposes of any future detailed remediation planning and budget 
estimation. 

Medium No 

Estimates of PFAS mass flux have been made for key surface 
water, groundwater and sewer contamination migration pathways. 
These are based on two sample events (wet and dry periods). 
Additional time series flow monitoring, sampling and analysis would 
enable these estimates to be refined. 

Medium No 

The groundwater flow model is a necessarily simplified 
mathematical representation of the complex natural system within 
the Investigation Area and there are inherent limitations. These 
include grid spacing, time discretisation, parameter structure, 
insufficient calibration data, and the effects of processes that cannot 
be simulated by the model. These factors, along with variations in 
observations, result in uncertainty in model predictions. 

Medium No 
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16. Conclusions
16.1 Context 

Defence’s primary objective of this DSI was to assess the nature and extent of PFAS (as a 
result of legacy Defence fire training practises) within the Investigation Area through a 
comprehensive program of testing to understand the key PFAS sources, pathways and 
receptors. This information will help to inform any potential health and environmental risks 
posed by PFAS contamination resulting from the historical use of AFFF at the site. 

The scope of work was based on the findings of previous investigations, information provided by 
the Wreck Bay community (principally through a water use survey and community walk in 
sessions) and an appreciation of the complex morphology of and ecological communities within 
the Investigation Area. Local cultural advisors with a strong cultural and spiritual connection with 
the 403 lands and Booderee National Park guided the field team to ensure the investigation 
activities had minimal impact on local areas of significance. 

16.2 Summary of findings 

Soil, surface water, groundwater, sediment, concrete, pore water and biota samples were 
collected (a) in and around eight identified Areas of Concern (AEC A to H) to characterise the 
nature and extent of PFAS in these areas (b) along the pathways by which PFAS could 
plausibly migrate off site, and (c) at potential receptors. 

The site presented a number of complex challenges. The variety of landscapes and the number 
of different pathways from the areas investigated, required collecting a suite of different types of 
samples at each AEC to understand their interactions and their potential contribution to PFAS 
release to the environment. In particular, AEC A has connections to Mary Creek to the south, 
and Captains Creek and Flat Rock Creek to the north. This has required the collection of 
separate species datasets in these catchments to characterise the nature and extent of PFAS in 
a wide cross section of environmental media and species and the interactions between them. 

Conclusions in relation to the objectives of the project (as listed in Section 1.2) are presented in 
Table 16-1. 
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Table 16-1 Investigation conclusions 

Objective Concluding remark 
Assess the nature, extent 
and magnitude of PFAS 
contamination within the 
Investigation Area through a 
comprehensive program of 
testing 

The nature and extent of PFAS contamination has been 
characterised through a comprehensive testing program 
based on verified historical data sources and information 
provided by the community. This approach is consistent with 
that recommended in the ASC NEPM (2013). The scope of 
work completed for this DSI comprised the collection and 
analysis for PFAS for: 
• 286 soil samples
• 15 concrete samples
• 133 sediment samples
• 153 surface water samples
• 76 groundwater samples
• 831 biota samples.
The samples were collected from all identified areas of
concern to define the extent of PFAS in the various media
tested, characterise the likely pathways by which PFAS may
migrate from the AECs and the receptors that could be
affected by the release of PFAS to the environment.
Conclusion: 
• The DSI has confirmed that PFAS contamination is

moving offsite from JBRF and HMAS Creswell. It has
been found in a number of local water bodies and biota.

• While not detected in the JBT reticulated water supply,
very low concentrations of PFAS (approximately 40 times
below the health based guidance value for drinking water)
are present in Lake Windermere from which the water
supply is drawn. The very low levels in the untreated
water do not pose an unacceptable risk to residents of
JBT.

Update the current 
understanding of the 
conceptual site model (CSM) 
describing the key potential 
contamination sources, 
pathways and receptors 

A CSM presented in the SAQP described the potential links 
between sources, pathways and receptors. The data from 
this DSI has characterised the extent of PFAS in the source 
areas and along the pathways sufficiently to update the CSM. 
The updated CSM clearly identifies the key PFAS source 
areas and associated pathways for PFAS release to the 
environment. The CSM, along with recorded PFAS 
concentrations in all media and groundwater modelling and 
stream flow monitoring, have been used to estimate the 
mass flux of PFAS from the site. 
Conclusions: 
• AEC A has been identified to be the greatest contributor

to PFAS release to the environment, with lesser
contributions from AEC C and AEC F. The mass flux of
PFAS discharged (i.e., the amount of PFAS that is
released over time) appears to be much greater through
surface water than through groundwater.

• The study identified that the greatest amount of PFAS is
discharging to the environment via Mary Creek
(principally from AEC A) with lesser amounts of PFAS
travelling from AEC A to, and then along, Captains Creek
and Flat Rock Creek. The sewer network also contributes
to the PFAS load in Captains Lagoon and Flat Rock
Creek. This is both directly through release or interaction
with shallow groundwater or discharge to the STP, and
indirectly via treated water containing PFAS that is
subsequently used to irrigate areas such as the former
golf course at AEC E.
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Objective Concluding remark 
Generate data for use as part 
of a human health risk 
assessment and ecological 
risk assessment 

A comprehensive assessment of the potential PFAS 
exposure pathways within the Investigation Area has been 
completed. 
Conclusions: 
The following PFAS exposure scenarios for human health 
and ecological receptors have been identified that warrant 
further (quantitative) risk assessment: 
Base Personnel (including intrusive maintenance workers) 
• Direct contact with PFAS-impacted surface water and

sediment when working within drainage channels at
JBRF (AEC A and B and at the headwaters of Captains
Lagoon) and HMAS Creswell (AEC F and G)

• Direct contact with shallow groundwater when
undertaking intrusive works within JBRF (AEC A and C)
and HMAS Creswell (AEC E and F)

Jervis Bay Village residents (including school children) 
• Consumption of lilly pilly fruit sourced from the school
Wreck Bay Village residents
• Incidental and deliberate ingestion of sediment and

surface water (particularly from Mary Creek and the
unnamed pools south of JBRF)

• Consumption of lilly pilly fruit sourced from the school
• Use of mosses for medicinal purposes
• Consumption of terrestrial biota (considered for cultural

reasons only)
• Consumption of aquatic biota from Mary Creek and

Summercloud Creek
Recreational users of BNP 
• Consumption of aquatic biota from Flat Rock Creek and

Captains Lagoon
Terrestrial organisms 
• Direct contact with soil onsite at JBRF (AEC A, B and C)

and HMAS Creswell (AEC E)
• Bioaccumulation in the food chain onsite (JBRF and

HMAS Creswell) and offsite (surrounds of Mary Creek,
Summercloud Creek, Lake McKenzie and Captains
Lagoon)

Aquatic organisms 
• Direct contact with surface water and sediment in

Captains Lagoon, Flat Rock Creek and Mary Creek
• Bioaccumulation in the food chain onsite (JBRF and

HMAS Creswell) and offsite (Mary Creek, Summercloud
Creek, Lake McKenzie, Flat Rock Creek and Captains
Lagoon).
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Objective Concluding remark 
Provide information to assist 
in evaluating suitable 
contamination management 
and remedial options 

The DSI has provided clarity and a quantitative 
understanding of the PFAS mass distribution and mass flux 
within the Investigation Area. 
Conclusions: 
• The CSM and fate and transport evaluation (incorporating

groundwater modelling and stream flow monitoring) have
identified AECs A, C and F as the source areas that will
need to be managed to mitigate PFAS release to the
environment. The sewer network was also identified as a
contributor to PFAS release.

• The key media and receptors that have been affected
within the Investigation Area have been identified along
with the transport pathways. Controlling (a) the release of
PFAS from contaminated site media (predominately soil
and concrete) and (b) surface water flow are expected to
be key actions in the formulation of a remedial and/or
management strategy.

16.3 Risk Assessment 

The findings of this DSI will be used to inform a human health risk assessment (HHRA) and 
ecological risk assessment (ERA). Each will include a detailed evaluation of potential human 
health and ecological exposure and toxicity to evaluate whether there are long term risks posed 
by PFAS to potential human and ecological receptors. 
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