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This DCARM Stage 2 Detailed Site Investigation Report (“the report”) has been prepared by 
GHD for Department of Defence for the intended purpose in accordance with clause 2.2 of 
GHD’s terms of engagement and as set out in Section 1.3 of this report.  

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

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. 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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Executive summary 

Background 

GHD has been engaged by the Department of Defence (Defence) Directorate of Contamination 
Assessment Remediation and Management (DCARM) to undertake a three-year contamination 
investigation program for Defence properties in Western Australia (the program) between 2017 
and 2020. 

As part of the program, GHD has updated existing Stage 1 Preliminary Site Investigation (PSI) 
information and completed a Stage 2 Detailed Site Investigation (DSI) (the project) at Royal 
Australian Air Force (RAAF) Base Pearce (property ID 0967) and nearby Bullsbrook Training 
Area (No. 3 Telecommunications Unit, 3TU, property ID 0965) (herein referred to as the 
“properties” as a whole, or “RAAF Base Pearce” and “3TU” when differentiating between the two 
land parcels).  

It should be noted that this DSI excludes the assessment of Per- and Poly-fluoroalkyl 
Substances (PFAS) at RAAF Base Pearce as PFAS impacts at the property are currently under 
investigation by Defence’s PFAS Investigation Management Branch (PFASIMB). PFAS has 
been included in the frame of investigation at 3TU where available lines of evidence indicate 
that it is a contaminant of potential concern. 

RAAF Base Pearce is located approximately 35 km north-east of Perth, as shown in Figure 1. 
The property has been continuously in operation as an Air Force Base since the 1930s and is 
used for flight training for pilots by both RAAF and Republic of Singapore Air Force (RSAF) 
personnel. It is understood that there are no plans at this time for a change in operational use or 
for disposal of the Pearce property. Numerous phases of environmental investigation have been 
undertaken since 1993, with 46 environmental reports known to have been prepared for the 
property. 

3TU covers an area of approximately 1074 ha and is located approximately three kilometres 
west of RAAF Base Pearce (Figure 1). Before its closure in 1994, 3TU’s function was to provide 
High Frequency communication to RAAF operations in Western Australia. 

This Stage 2 DSI report details the investigations undertaken at RAAF Base Pearce and 3TU 
during Mobilisation 1 (March through May 2018) and Mobilisation 2 (April 2019). 

Purpose 

The purpose of the program is to: 

 Identify and address data gaps where previous investigations have failed to adequately
assess or quantify potential contamination risks.

 Achieve whole of property assessment including to identify and delineate contamination to
better inform future developments, monitoring, property disposals; and the suitability of land
for ongoing Defence activities.

 Enable DCARM to set the scope and priorities for future contamination management and
remediation initiatives.

Objectives 

Within the broader program context, the specific objectives of this project were to: 

 Review existing desktop information and, where data gaps are identified, update the
information in order to: (a) document the current and historical uses of the property to
identify potential contamination sources, (b) understand the physical setting of the property,
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(c) identify potential receptors and their vulnerability to contamination, and (d) determine
whether a more detailed program of sampling and analysis is required. 

 Complete a Stage 2 DSI to: (a) define the potential or actual extent of contamination
(nature and extent), (b) assess the contamination risk to human health and the environment
and (c) determine any requirements for remediation or contamination management.

Scope of works 

Prior to completion of the Stage 2 DSI, a review of the site environmental setting and relevant 
historical reports/records was undertaken, followed by a site inspection and interviews with 
Defence personnel. Results were used to develop a preliminary Conceptual Site Model (CSM) 
and evaluate underpinning data gaps. The data gap evaluation was used to inform the 
development of Data Quality Objectives (DQO) and scope for the Stage 2 investigation 
undertaken at both RAAF Base Pearce and 3TU properties.  

The scope of work completed at RAAF Base Pearce and 3TU during the Stage 2 DSI was 
completed across two main mobilisations (March/April/May 2018 and March/April 2019 with a 
small scope undertaken in September 2018 comprising end of winter surface water sampling at 
limited locations). The scope of work comprised the implementation of a soil, groundwater, 
sediment and surface water sampling program and associated program of field and laboratory 
analyses including the installation of 45 permanent monitoring wells at RAAF Base Pearce and 
seven at 3TU.  

Sampling was focussed across multiple source areas where data gaps existed that precluded 
an adequate assessment of contamination risk to receptors under both current and future land-
uses, including existing source areas identified in Defence’s Contaminated Sites Register, and 
newly identified areas of environmental concern. 

Representative samples were tested for relevant Contaminants of Potential Concern (CoPC) 
including: metals, Polycyclic Aromatic Hydrocarbons (PAH), Total Recoverable Hydrocarbons 
(TRH), Benzene, Toluene, Ethylbenzene, Xylenes and Naphthalene (BTEX-N), explosives 
residues, Polychlorinated Biphenyls (PCB), PFAS (at limited locations), Volatile Organic 
Compounds (VOC) including chlorinated hydrocarbons, PCBs, Methyl Tert-butyl Ether (MTBE), 
pesticides and phenols, nutrients and E.coli.  

At RAAF Base Pearce, results were compared against applicable assessment criteria for the 
land-use including human health under a commercial/industrial land-use and residential at one 
Contaminated Site Record (CSR, former service station) proximal to residential areas and 
ecological criteria protective of an area of ecological significance due to the close proximity of 
sensitive surface water catchments (the Ellen Brook and Ki-It Monger Brook). 

At 3TU results were compared against human health criteria under a commercial/industrial land-
use, as well as public open space and residential as a conservative consideration of future land-
use alternatives, and ecological criteria protective of an area of ecological significance due to 
the close proximity of sensitive surface water catchments (the Ellen Brook). 

Key findings 

Based on the results of the investigation, the following key findings were made with respect to 
contamination risk. 

RAAF Base Pearce 

The property slopes gently in a generally westerly direction towards the Ellen Brook and 
comprises three principal drainage catchments which direct surface water to open drainage 
channels that discharge to Ellen and Ki-It Monger Brooks. 
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Groundwater beneath the property is present both as a discontinuous, seasonal perched 
groundwater unit, present within an upper clay-rich layer, underlain by the superficial regional 
aquifer that occurs within a sandier unit. Beneath the majority of the property, groundwater is 
generally flowing in a south-westerly direction towards the Ellen Brook. Within the south-eastern 
portion of the property, near Ki-It Monger Brook, groundwater flows to the south-east and south. 
Data indicates that the Ellen Brook is both receiving from and discharging to groundwater 
depending on the location, intensity and duration of recent rainfall events, and the time of year.  

Soil samples across the property broadly reported CoPC concentrations below applicable 
investigation levels with the following exceptions: 

 Concentrations of hydrocarbons in soils at the grounds maintenance area
(CSR_WA_000151), former service station (CSR_WA_000117) and former fuel farm
(CSR_WA_000110) were above applicable ecological assessment levels however no
associated pathways or receptors were identified at these facilities therefore the associated
risk is low.

 The presence of elevated Benzo(a)pyrene (BaP) and dieldrin in surface soils in the north-
western portion of the Dog Compound (CSR_WA_000083) is consistent with the
unauthorised dumping of waste in this area. As the soil impacts are isolated to the fenced
Dog Compound area, they do not present a significant exposure risk to the users of the
fenced compound or downstream receptors.

 Although not above applicable investigation levels, lead concentrations in soils in the
vicinity of the bullet catcher at the former 25 m small arms range (PCSR_0967_003) were
elevated, whilst copper concentrations were above ecological assessment levels in
localised shallow soils.

Groundwater investigations at RAAF Base Pearce have broadly indicated that where present, 
groundwater impacts are either delineated, or not posing a risk to identified receptors with the 
following exceptions or uncertainties: 

 The extent of E.coli and copper impacts to groundwater down-gradient from the sewage
treatment plant (CSR_WA_000106) is undelineated.

 The upgradient extent of Trichloroethylene (TCE) impacts to groundwater at the grounds
maintenance area (CSR_WA_000151) is undelineated and the potential for Dense Non-
aqueous Phase Liquid (DNAPL) has not adequately been investigated.

 The source (subsurface leak or aboveground spill) of TRH impact to groundwater at the
current AVTUR fuel facility (PCSR_0967_002) is unknown and should be further assessed.

In addition, dissolved phase hydrocarbon plumes in groundwater at the former service station 
(CSR_WA_000117), former fuel farm (CSR_WA_000110) and AVTUR fuel facility 
(PCSR_0967_002) were assessed for plume stability and natural attenuation capacity. Results 
were generally supportive of plume shrinkage and the occurrence of natural attenuation. 

Sediment samples across the property broadly reported CoPC concentrations below applicable 
investigation levels with the following exceptions: 

 Elevated metals and minor TRH and PAH concentrations were identified in sediment
immediately downstream of the former small arms range, fire fighting training/fuel storage
areas, the Sounness Road landfill and the grounds maintenance area, however were not
deemed to pose a risk to identified receptors.

 Benzo(a)pyrene concentrations in sediment in a drainage channel adjacent to the former
fuel farm were above health criteria over an area of 150 m by 1 m by 0.5 m.
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Surface water samples were taken from the drainage channel network over two events in 2018 
– post summer (May 2018) and post winter (September 2018), although the majority of sample
locations in the post summer event were dry. At locations where surface water was present it
was noted that the water was generally stagnant and not representative of conditions which
would support an ephemeral aquatic ecosystem. Results indicated:

 VOC, BTEX, Chlorinated Hydrocarbon (CHC), Organophospate Pesticides (OPP) were not
detected above Limit of Reporting (LOR) in the surface water samples collected.

 In general, detections of hydrocarbons (PAH at the paint shop and TRH at the former fuel
farm and runways and taxis), Organochlorine Pesticides (OCP), dieldrin at the former small
arms range) and elevated ammonia (sewage treatment plant) in surface water on the
property were not reported in any adjacent downstream locations or the receiving bodies of
Ki-It Monger Brook and the the Ellen Brook.

 Post summer and post winter, trace concentrations of metals in surface water resembled
regional groundwater concentrations (i.e. slightly elevated above the freshwater criteria)
however this is not reflected at the discharge point to the Ellen Brook where concentrations
of chromium, copper and zinc were not detected post summer. Post winter metals
concentrations at the Ellen Brook indicate a potential upstream source of copper and zinc.
Upstream concentrations of copper and zinc in Ki-It Monger Brook also suggest an
upstream source.

3TU 

The 3TU property is situated on a gently undulating, generally poorly drained sand plain, with 
elevation falling to the east. The Bulls Brook drainage system passes through the property, 
which experiences ephemeral flows during winter months, with low lying areas occurring as 
sump lands and damp lands. Geology underlying the 3TU property comprises unconfined 
surficial deposits of Bassendean Sands, with groundwater flow in an east to south-easterly 
direction towards the Ellen Brook. 

Soil samples across the property broadly reported CoPC concentrations below applicable 
investigation levels with the following exceptions: 

 Faecal coliforms in soils at the property exceeded adopted human health investigation
levels at the former septic tanks area (CSR_WA_000019) and may potentially pose a risk
to human health under a direct contact or residential land-use scenario. Exposure would be
managed by application of industry standard health and safety measures during any civil
works but may require management under a change of land-use.

 Asbestos Containing Material (ACM) fragments were identified in surface soils in the vicinity
of the former workshop area (including incinerator (CSR_WA_000080), septic tanks
(CSR_WA_000019) and diesel USTs (CSR_WA_000103). Any future civil works in this
vicinity should be undertaken in accordance with an asbestos management plan.

 The detection of PFAS in surface soils at the asphalt stockpile area (PCSR_0965_002)
poses a potential risk to future land users under more sensitive land use scenarios.
Stockpiled material should be removed (under appropriate waste classification protocols)
and underlying soil validated.

Groundwater investigations at 3TU have broadly indicated the following: 

 Historical waste burial in the southern part of 3TU (CSR_WA_000081) has resulted in
elevated zinc concentrations in groundwater above freshwater criteria. Currently the extent
of zinc impacts is undelineated. Installation of additional monitoring wells hydraulically down
gradient of the CSR area is considered warranted to adequately assess the potential for
migration to the Ellen Brook.
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 Localised PFAS and faecal coliform impacts to groundwater are present beneath the former 
workshop area. As such, restriction of groundwater abstraction in this area is recommended 
to mitigate potential exposure risk to future land users. 

 PFAS impacts to groundwater are not well delineated either up-gradient or down-gradient. 
Further groundwater assessment should be undertaken between the source area and 
receptors (West Bullsbrook groundwater users) to improve the understanding of PFAS 
distribution in the sub-surface.  

Sediment samples across the property broadly reported CoPC concentrations below applicable 
investigation levels with the following exceptions: 

 Minor detects of TRH in sediments within nearby drainage features, which are considered 
to be related to the presence of organic material or other polar/non-petrogenic compounds 
and therefore not considered to pose risk to ecological receptors. 

 Localised PFAS sediment impacts above residential health guidelines were detected at the 
asphalt stockpile area and downstream of the former workshop area.  

Surface water sampling at 3TU was limited by lack of flow, but broadly indicated: 

 Metals concentrations were elevated both upstream and on-site 

 PFAS concentrations were present above drinking water guidelines and the 99 % 
freshwater protection level downstream of the former workshop area.  

Further assessment of surface water (property wide) is considered warranted to more 
accurately assess surface water impacts during rain periods. Results should be interpreted in 
conjunction with the existing PFAS ecological risk assessment undertaken by PFASIMB for 
Pearce (including the Ellen Brook). 

Our interpretation of the results - and those obtained by PFASIMB (GHD 2018b) - suggests that 
the PFAS contamination detected at 3TU is unlikely to be the source of PFAS detected in 
groundwater at the West Bullsbrook residential area and the Ellen Brook. 

Conclusions 

Based on the results of the investigation, the properties are considered suitable for ongoing 
commercial/industrial use by Defence in the context of the existing land use.  

Recommendations 

Based on the outcomes of the investigation, the following recommendations for further activities 
associated with contamination risk assessment are made (to be confirmed following discussion 
with Defence and other stakeholders):  

 Installation of additional monitoring wells at the Sewage Treatment Plant and Grounds 
Maintenance areas at RAAF Base Pearce. 

 Further investigation into the source (subsurface leak or aboveground spill) of TRH impacts 
to groundwater at the current AVTUR fuel facility including the installation of an additional 
well at the puraceptor discharge point. 

 Installation of additional monitoring wells downgradient of the former waste burial area at 
3TU. 

 Further groundwater assessment between the 3TU former workshop area and down-
gradient groundwater receptors (West Bullsbrook). 

The following recommendations for contamination risk mitigation and management controls 
have been made: 
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 Remediation/validation of impacted sediment in the drainage channel adjacent to the 
Former Fuel Farm, estimated to be a volume of up to 75 m3 (150 m by 1 m wide by 0.5 m 
deep). 

 Removal/deleading of the bullet catcher at the RAAF Base Pearce Former 25 m Small 
Arms Range, estimated to comprise a volume of soil of up to 100 m3. 

 The asphalt stockpile at 3TU should be removed and validated in accordance with waste 
classification protocols.  

 Any civil works in the vicinity of the 3TU the former workshop area should be undertaken in 
accordance with an asbestos management plan and an unexpected finds procedure. 

 A site management plan including a restriction on groundwater abstraction beneath the 
former workshop area at 3TU should be developed to limit exposure to localised PFAS and 
faecal coliform impacts in groundwater by future users.  

 Sewage treatment and disposal processes and infrastructure at Pearce should be reviewed 
to establish the cause of the E.coli presence in groundwater. 

 Bund upgrades should be undertaken at Pearce ASTs (CSR_WA_000086) and at the ILS 
18 and associated glide path (CSR_WA_000087 and CSR_WA_000088). 

 Review and improvement of engineering controls (such as bunding) should be undertaken 
at the Grounds Maintenance Area to prevent further impact to the environment. 

 Development of Site Management Plans (SMP) for the Former USTs 240 – 245 area and 
Power Station to manage residual risks to intrusive workers. 

In addition, a program of ongoing groundwater monitoring should be implemented to address 
any outstanding uncertainties around plume stability and risks to receptors. This should include 
(but not be limited to) designated monitoring wells at the following CSRs:  

 RAAF Base Pearce 

– CSR_WA_000110 (Former Fuel Farm) 

– CSR_WA_000117 (Former Service Station) 

– CSR_WA_000106 (Sewage Treatment Plant) 
– CSR_WA_000084 (Sounness Rd landfill) 

– CSR_WA_000107 (Former Fire Training Area 1960s) 

– CSR_WA_000151 (Grounds Maintenance Area) 
– CSR_WA_000160 (Hangar 95) 

– PCSR_0967_002 (New AVTUR Fuel Farm) 
 3TU 

– CSR_WA_000080 (Incinerator – North of 3TU Workshop) 

– CSR_WA_000081 (Buried Waste Metals – 0.75 km south of 3TU) 
It should be noted that groundwater monitoring may be required pending results of validation of 
underlying soil at the Asphalt Stockpile Area (PCSR_0965_002) following removal of the 
stockpile. 

Further assessment of surface water is also considered warranted to more accurately assess 
surface water impacts during periods of flow at the following CSRs:  

 RAAF Base Pearce 

– CSR_WA_000106 (Sewage treatment plant) – Collection of surface water samples from 
within the Ellen Brook (down gradient of 0967_MW223) to assess the potential 
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concentrations of E.coli and metals at the point of discharge to the receiving ecological 
receptor. 

 3TU 

– Site wide assessment of surface water in drainage channels within and surrounding 
3TU to adequately characterise surface water quality during periods of flow. 
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1. Introduction 

1.1 Background 

GHD has been engaged by the Department of Defence (Defence) Directorate of Contamination 
Assessment Remediation and Management (DCARM) to undertake a three-year contamination 
investigation program for Defence properties in Western Australia (the program) between 2017 
and 2020. 

As part of the program, GHD has been tasked to update existing Stage 1 Preliminary Site 
Investigation (PSI) information and undertake a Stage 2 Detailed Site Investigation (DSI) (the 
project) at Royal Australian Air Force (RAAF) Base Pearce (property ID 0967) and nearby 
Bullsbrook Training Area (formerly known as No. 3 Telecommunications Unit, 3TU) (property ID 
0965) (herein referred to as the “properties” as a whole, or “RAAF Base Pearce” and “3TU” 
when differentiating between the two land parcels). 

RAAF Base Pearce is located approximately 35 km north-east of Perth, Western Australia, as 
shown in Figure 1. The property has been in continuous operation as an Air Force Base since 
the 1930s and is used for flight training for pilots by both RAAF and Republic of Singapore Air 
Force (RSAF) personnel. It is understood that there are no plans at this time for a change in 
operational use or for disposal of the property. Numerous phases of environmental investigation 
have been undertaken since 1993, with 46 environmental reports known to have been prepared 
for the property. 

3TU covers an area of approximately of 1074 ha and is located approximately three kilometres 
west of RAAF Base Pearce (Figure 1). Before its closure in 1994, 3TU’s function was to provide 
High Frequency communication for RAAF operations in Western Australia. 

It should be noted that this Stage 2 DSI excludes the assessment of Per- and Poly-fluoroalkyl 
Substances (PFAS) at RAAF Base Pearce as PFAS impacts at the property are currently under 
investigation by Defence’s PFAS Investigation Management Branch (PFASIMB). PFAS has 
been included in the frame of investigation at 3TU where available lines of evidence indicate 
that it is a contaminant of potential concern. 

1.2 Purpose of the program 

The purpose of the program is to: 

 Identify and address data gaps where previous investigations have failed to adequately 
assess or quantify potential contamination risks. 

 Achieve whole of property assessment including the identification and delineation of 
contamination and understanding of associated risks to better inform future developments, 
monitoring, property disposals; and the suitability of land for ongoing Defence activities. 

 Enable DCARM to set the scope and priorities for future contamination management and 
remediation initiatives, including specific risk reduction projects to be delivered via the 
National Program Services model in the Defence Service Delivery Division or directly 
through DCARM. 
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1.3 Project objectives 

Within the broader 3 year program context, the specific objectives of this project were to: 

 Update available Stage 1 PSI information and undertake a Stage 2 DSI in accordance with 
the National Environment Protection (Assessment of Site Contamination) Measures 1999, 
as amended in 2013 (the ASC NEPM) 

 Document the current and historical uses of the property to identify potential contamination 
sources that may pose a risk to human health and/or the environment 

 Understand the physical setting of the property including contamination migration pathways 

 Identify potential receptors and their vulnerability to contamination 

 Based on the outcomes of the updated Stage 1 PSI, complete a Stage 2 DSI to: 

– Define and map the potential or actual extent of contamination 
– Assess the contamination risk to human health and the environment 

– Determine any requirements for contamination risk mitigation measures (i.e. 
remediation or management controls). 

 Based on the outcomes of the Stage 2 DSI, assess which of the following actions are 
required: 

– No further action 
– Implementation of pollution prevention or contamination management controls to reduce 

the contamination risk (under a Contamination Management Plan or Site Management 
Plan (SMP) 

– Further investigation of the nature and extent of contamination 

– Further assessment of human health or ecological risks 

– Remediation planning and implementation 
– Monitoring (e.g. surface water or groundwater). 

1.4 Scope summary 

1.4.1 Stage 1 PSI 

The scope of works completed as part of the updated Stage 1 PSI, included the following tasks:  

 Desktop review of available records to develop an up to date understanding of the natural 
environment of the property and surrounding areas to form the basis for the conceptual site 
model and identify possible contaminant receptors including: 

– Geology, hydrogeology, soils, topography and drainage of the property  

– A search of the Department of Planning, Lands and Heritage Aboriginal Heritage Inquiry 
System 

– Data on meteorological conditions for the property and surrounding area  

 A review of property-specific history including: 

– Defence records including previous environmental reports  
– Available military history records 

– Current and historical fuel storage infrastructure and as-built diagrams 
– Current and historical photographs to look for evidence of potentially contaminating 

activities 
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– Search of the Department of Water and Environmental Regulation (DWER) 
Contaminated Sites Database to obtain information on known contaminated sites in 
proximity to the properties 

– Title searches to identify current and previous landowners and former land uses 

– Environmental Protection and Biodiversity Conservation (EPBC) records 

– Aboriginal and European heritage records  
 Review and validation of the Garrison Estate Management System Environmental Factor 

Management – Contaminated Site Register (GEMS EFM – CSR) 

 A property inspection to validate Potential Contaminated Site Records (PCSR) identified in 
the desktop review and record information on the physical signs of contamination, 
potentially contaminating activities and facilities, and the potential for contamination to 
impact on the identified receptors 

 A data gap analysis of information available 

 Development of a preliminary Conceptual Site Model (CSM). 

1.4.2 Sampling and Analysis Quality Plan 

A Sampling and Analysis Quality Plan (SAQP) was initially issued on a preliminary basis to 
inform overall program scheduling and budget planning. The SAQP was updated with confirmed 
sampling locations and any other changes required to the Stage 2 DSI scope based on 
additional information obtained and data gaps identified following the site inspection. A finalised 
SAQP (GHD 2018a) was then issued to support the detailed scope and methodologies for the 
first mobilisation (Mobilisation 1, March to May 2018) of the Stage 2 DSI. Based on the 
preliminary findings, identified residual data gaps, and anecdotal information provided by 
Defence following completion of Mobilisation 1, further assessment of existing Contaminated 
Site Records (CSR) and additional PCSRs was deemed warranted. A revised SAQP (GHD 
2018c) was subsequently developed to inform the scope for the second mobilisation 
(Mobilisation 2). 

1.4.3 Stage 2 DSI 

The scope and methodology for the Stage 2 DSI was consistent with the approach 
recommended by the National Environmental Protection Measure as amended in 2013 (ASC 
NEPM) and the Australian Standard (AS 4482.1-2005). A high-level summary of the 
implemented work scope is provided below (which is discussed in more detail in Section 6):  

 Preparation of relevant documentation including an Environmental Clearance Certificate 
(ECC), Health, Safety and Environment Management Plan (HSEMP) and relevant property-
specific permits for the fieldwork. 

 Subsurface utility detection services to identify underground services prior to the 
commencement of any intrusive works. 

 Implementation of a first round soil, groundwater, sediment and surface water sampling and 
analysis program (Mobilisation 1) from March to May 2018. 

 Implementation of a second round soil, groundwater, sediment and surface water sampling 
and analysis program (Mobilisation 2) in April 2019. 

 Survey of all newly installed groundwater monitoring wells for location and elevation in 
metres Australian Height Datum (AHD) by a licensed surveyor. 

 Comparison of laboratory and field results to Tier 1 investigation levels considered to be 
protective of human health (commercial/industrial at both properties, and public open space 
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and residential at 3TU, with consideration of future land-use possibilities) and ecological 
receptors (terrestrial flora/fauna and fresh water aquatic ecosystems). 

 Development of a refined CSM for each CSR/PCSR included in the Stage 2 DSI 
assessment. 

 Evaluation of remediation/management options in response to any site conditions judged to 
pose immediate risk or concern to human health and/or the environment. 

 Preparation of this report providing the methodology and findings of the investigation and 
conclusions and recommendations including management outcomes for each CSR location 
based on assessed contamination risk. 

 Consideration of the Stage 2 investigation findings as part of a risk assessment undertaken 
in collaboration with Defence (and other relevant stakeholders) using the Defence 
Contamination Risk Assessment Tool (CRAT). 

 Update of the GEMS EFM – CSR. 

1.5 Regulatory and policy framework 

1.5.1 Overview 

Two key legislative instruments that guide Defence’s approach to environmental management, 
including management of legacy contamination, are: 

 Environment Protection and Biodiversity Conservation Act 1999 (the EPBC Act) 

 National Environment Protection Council (NEPC) National Environment Protection 
Assessment of Site Contamination Measure (ASC NEPM) 

Under the Commonwealth Work, Health and Safety Act 2011 (WHS Act), Defence and its 
contractors have obligations to minimise the human health risks associated with workers and 
others operating within the vicinity of contaminated land that is on or near to a workplace under 
Defence control. 

Defence and its contractors must operate to comply with all Commonwealth legislation, 
including the WHS Act, EPBC Act and the NEPM.  

1.5.2 EPBC Act 

The EPBC Act is the Australian Government’s central piece of environmental legislation.  

The EPBC Act provides legal framework to protect and manage nationally and internationally 
important flora, fauna, ecological communities and heritage places – defined in the EPBC Act as 
matters of national environmental significance. 

The nine matters of national environmental significance to which the EPBC Act applies are: 

 World heritage properties 

 National heritage places 

 Wetlands of international importance (often referred to Ramsar wetlands) 

 Nationally threatened species and ecological communities 

 Migratory species 

 Commonwealth marine areas 

 The Great Barrier Reef Marine Park 

 Nuclear actions (including uranium mining) 
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 A water resource, in relation to coal seam gas development and large coal mining 
development 

In addition, the EPBC Act confers jurisdiction over actions that have a significant impact on the 
environment where the actions affect, or are taken on, Commonwealth land, or are carried out 
by a Commonwealth agency (even if that significant impact is not on one of the nine matters of 
‘national environmental significance’).  

1.5.3 ASC NEPM 

The National Environment Protection (Assessment of Site Contamination) Measure 1999, as 
amended in 2013 (the ASC NEPM) was made under the National Environment Protection 
Council Act 1994. The ASC NEPM (2013) is the national guidance document for the 
assessment of site contamination in Australia. It is given effect by the NEPM (Implementation) 
Act 1998 for the Commonwealth and individual legislation and guidelines in each state and 
territory.  

The purpose of the ASC NEPM is to establish a nationally consistent approach for the 
assessment of site contamination to ensure sound environmental management practices are 
adopted by the community, including regulators, site assessors, site contamination consultants, 
auditors, landowners, developers and industry parties. 

The desired outcome of the ASC NEPM is to provide adequate protection of human health and 
the environment, where contamination has occurred, through the development of an efficient 
and effective national approach to environmental property assessment. 

1.5.4 Commonwealth Workplace Health and Safety Act 2011 

The Work, Health and Safety Act (Cth) 2011 (WHS Act 2011) and Regulations commenced in 
2012 and is regulated by Comcare. This act provides for a nationally consistent framework to 
protect workers and other persons against harm to their health and safety through the 
elimination or minimisation of the risks to the extent reasonably practicable. 

Under the WHS Act, Defence and its contractors have obligations to minimise the human health 
risks associated with workers and others operating within the vicinity of contaminated land that 
is on or near to a workplace under Defence control. 

Model Codes of Practice administered by Safe Work Australia provide practical guides to 
achieve the standards of health, safety and welfare required under the WHS Act 2011. 

Any controls outlined in the Defence Work, Health and Safety (WHS) Manual have been 
implemented when managing contaminated materials. 

1.5.5 PFAS NEMP 

The Heads of EPAs Australia and New Zealand (HEPA) have published a national guidance 
document, the National Environmental Management Plan (NEMP) for the investigation and 
management of PFAS, January 2018. It is a reference document on the state of knowledge 
related to the environmental regulation of PFAS. Future research will be used to support the 
NEMP and its revisions. A draft version 2.0 is currently in a consultation period, and due to be 
issued in late 2019. 

1.5.6 Defence Contamination Management Manual 

The project has been undertaken in accordance with the Department of Defence Contamination 
Management Manual (DoD March 2018, amended August 2019) which is an implementing 
document under the Defence Environmental Strategy 2016 through 2036. The Manual and 
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supporting annexes provide guidance on specific technical aspects of contamination 
management that are relevant to Defence activities. 

1.5.7 Western Australian regulations 

Defence aims to comply with Western Australian and local government environmental 
regulations and guidelines to the extent that these do not conflict with Commonwealth legislative 
obligations.  Local government enacted local laws that apply to the environmental management 
of City of Swan properties are: 

 City of Swan Health Local Law 2002. 

Although Crown Land is not subject to State and local requirements, this project has been 
undertaken in accordance with the following Western Australian regulations and guidelines: 

 Contaminated Sites Act 2003 and Contaminated Sites Regulations 2006 

 Department of Environment Regulation (DER1) Assessment and Management of 
Contaminated Sites Guideline (DER 2014)  

 Western Australian Department of Health (DoH 2009) Guidelines for the Assessment, 
Remediation and Management of Asbestos-Contaminated Sites in Western Australia. 

1.5.8 Other national standards 

Contamination investigations were also consistent with the following National standards: 

 Commonwealth of Australia (2015). Work Health and Safety (How to Manage and Control 
Asbestos in the Workplace) Code of Practice 2015 

 Commonwealth of Australia (2015). Work Health and Safety (How to Safely Remove 
Asbestos) Code of Practice 2015 

 enHealth (2012). Environmental health risk assessment. Guidelines for assessing human 
health risks from environmental hazards. enHealth subcommittee (enHealth) of the 
Australian Health Protection Principal Committee 

 Standards Association of Australia, AS 4482.2–1999: Guide to the Sampling and 
Investigation of Potentially Contaminated Soil – Part 2: Volatile substances 

 Standards Association of Australia, AS 4482.1–2005: Guide to the Investigation and 
Sampling of Sites with Potentially Contaminated Soil – Part 1: Non-volatile and semi-
volatile compounds 

 Standards Association of Australia, AS 5667.11-1998: Water quality – Sampling – 
Guidance on sampling of groundwaters 

 Standards Association of Australia, AS 5667.1-1998: Water quality – Sampling – Guidance 
on the design of sampling programs, sampling techniques and the preservation and 
handling of samples 

 National Uniform Drillers Licensing Committee, 2011, Minimum Construction Requirements 
for Water Bores in Australia (NUDLC 2012) 

1.6 Assumptions 

In addition to those contained throughout this report, the following general assumptions apply: 

 The properties are Commonwealth Land in the name of the State of Western Australia. 

                                                      
1 Now Department of Water and Environment Regulation (DWER) 
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 RAAF Base Pearce is currently in use as an operational military air-base, will continue to be 
used by Defence for its current purpose and there will be no material change to its 
configuration or land-use. Should this alter, the findings of the report would need to 
reviewed and updated accordingly to take into consideration any new contamination 
exposure risks. 

 3TU no longer has an operational function but is maintained by Defence as a buffer to 
RAAF Base Pearce.  Although fenced, it is accessed illegally by the public (trespassers) 
and therefore this land use is reflected in the risk assessment. 

 Future land-uses at 3TU may include residential and public open space. 
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 Bulk fuel storage areas (former and current) 

 Ammunition storage facilities 

 Aircraft maintenance facilities 

 Vehicle maintenance facilities 

 Aviation fuel farm 

 Fire Training Areas 

 Emergency power supply 

 Sewage Treatment Plant and irrigation area 

 Landfills (including Sounness Road Landfill, located 400 m to the north-east of the property 
boundary) 

 Administration support facilities 

 Medical centre 

 Housing blocks 

 Temporary accommodation and messes 

 Recreational facilities including a swimming pool and golf course 

 The Ellen Brook and Ki-It Monger Brook surface water courses and tributary drainage 
channels 

Facilities are mainly located in the eastern portion of the property. A Sewage Treatment Plant 
and associated irrigation area is located in the northern portion of the property, whilst the 
runways (two main runways and one emergency runway) occupy the central and south-eastern 
areas. 

2.2.2 3TU 

The property covers an approximate area of 1074 ha and is located around three kilometres 
west of RAAF Base Pearce. During its operational history, activities included workshop facilities, 
waste disposal operations and associated septic tanks. A gas-fired incinerator was in operation 
for the destruction of classified materials for approximately 10 years during the 1980s and was 
demolished in approximately 2001. Before its closure in 1994, the property’s function was to 
provide High Frequency communication to RAAF operations in Western Australia. A bore field 
and water treatment plant was established at the property during development of RAAF Base 
Pearce, which has not been in operation since 2006. The layout of the property is shown in 
Figure 2B. 

At present, the property is vacant and comprises remnant bushland and areas that have been 
cleared for grazing. Building rubble (i.e. bricks and concrete) and concrete slabs associated with 
former workshops and telecommunication buildings are present in the central-northern portion 
of the property. A former landfill is present in the central portion of the property, which appears 
to have been capped with sandy soil. An asphalt stockpile is present in the south-west portion of 
the property, understood to have originated from a former runway at RAAF Base Pearce. Fly-
tipped waste which generally comprised domestic, inert material was observed sporadically 
across the property and most commonly at the asphalt stockpile location. The Dampier to 
Bunbury Gas Pipeline runs through the western portion of the property. 

It is understood that there are no firm redevelopment plans at this time. However, for the 
purpose of receptor evaluation (Section 5.1.3), it is known the land is accessed illegally by the 
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public and it has been conservatively assumed that future land-uses may include residential and 
public open space. 

2.3 GEMS EFM – CSR numbering 

Defence maintain a register for all potential contamination sources at their properties on the 
GEMS EFM – CSR. The CSRs are assigned a unique identifier number that has changed over 
several iterations of the database.  

Table 3 provides a summary of the existing CSRs including previous and current identification 
details.  

Based on the review of previous investigations, property walkover/interviews, and anecdotal 
information provided by Defence, the following should be noted: 

 Not all of the existing CSRs were included in this Stage 2 DSI (detailed further in Section 
5.2.4). 

 In addition to the existing CSRs, GHD identified a number of Potential CSRs (PCSR) which 
were investigated as part of the Stage 2 DSI (detailed further in Section 5.2.4).  
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preparing for deployment and others engaged in the defence of south-west Australia (HLA 
2005). 

The property has continued to be active since WWII. However, since the end of the war a 
number of temporary war buildings have either been removed and replaced or upgraded. 

The RSAF set up an operation to undertake flying training based in a series of buildings in the 
southern portion of the property in 1994.  

The Aviation Turbine (AVTUR) bulk fuel farm, built in the 1970s, was decommissioned and 
demolished in 2014/2015. A replacement AVTUR facility was constructed immediately to the 
south-east and commissioned in 2014 (AECOM 2015). The establishment of this new facility is 
one the most recent, large scale developments that has been undertaken at the property in 
recent years. A new aircraft hangar, aircraft shelters and two Flight Training School (FTS) 
buildings are the most recent developments on the Base 

More detailed property history specific to property features and activities is provided in Table 7. 

3TU 

The property was the location of a remote wireless receiving station for RAAF Base Pearce 
developed in 1941 and consisting of two “huts” and a reinforced concrete “igloo”. In October 
1946, the property was selected as the site for the 3TU, replacing a number of wireless units at 
the end of WWII. 3TU became operational in September 1947 utilising a combination of existing 
WWII buildings, buildings transported from RAAF Base Pearce and some purpose built facilities. 

The property comprises numerous land parcels including State road reserves, many of which 
feature sealed or gravel roads or dirt tracks. These roads provide access across the property 
and some pass through the property to provide access to adjoining properties. In addition, the 
northern section of a regional primary road upgrade, NorthLink WA, runs within the eastern 
portion of the property (Figure 4B). Construction commenced in 2017 and is due for completion 
in late 2019. 

The property was closed in 1994 (EarthTech 2007), with remnant infrastructure remaining on 
site until approximately 2014 (as observed in historical aerials, refer to Section 2.6.3). Since 
decommissioning of the 3TU infrastructure, the property has been used for driver training, 
stockpiling of materials from Pearce (refer Section 4.2) and is currently vacant. Although the 
property is fenced, it is frequently broken into by trespassers and there is extensive fly-tipping of 
waste across the property.  

2.6.2 Military history 

G-tek Australia Pty Limited (G-tek) completed a desktop historical assessment of both 
properties. The key findings are summarised below. Copies of the reports are presented in 
Appendix A.  

RAAF Base Pearce 

 The property is the main Air Force Base in Western Australia. It was initially built between 
1936 and 1939 and continues to be developed. 

 In 1944, the property featured two sealed and one gravel runway, two hangars, capacity for 
approximately 216,000 L of petrol and 30,000 L of fuel oil for its power house. The report 
did not indicate where this fuel was stored.  

 A plan dated 1944 indicated the presence of ‘explosives’ and bullet catchers (also known 
as stop butts) to the north of the airfield, adjacent to Great Northern Highway. The bullet 
catchers were used for aircraft gun testing. Their location appears consistent with current 
aerial photography (and GHD’s understanding of the Former 25 m Small Arms Range 
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(PCSR_0967_003) described in Section 5.2.4) understood to be most recently used for 
pistol shooting). The explosives area appears to be the location immediately north of a 
fenced portion of land where excess soil from various projects is currently stockpiled.  

 A review of Base assets from 1944 indicated that a number of buildings were used to store 
explosives, though a plan showing the locations of the buildings could not be located. 

 Although the property serves primarily for pilot training, it has a significant role in logistics. 
During WWII, explosive ordnance was stocked and maintained at the property as part of its 
operational role. 

 There would be limited current requirement for storage of explosive ordnance at the 
property, though storage requirements would include aircraft pyrotechnics and personal 
weapon ammunition for both RAAF personnel and transiting aircraft. The current licenced 
ammunition and explosive storage capacity was not known.  

 A review of the Defence Unexploded Ordnance (UXO) website indicates that the property 
does not fall within an area of potential UXO. The potential for remnant UXO from WWII 
activities is low. 

 The potential for lost, discarded or deliberately disposed ammunitions containing high 
explosives or pyrotechnic fill material is low. 

 The potential for lost, discarded or deliberately disposed small arms ammunition or 
pyrotechnics is low.  

3TU 

 The property was the location of a remote wireless receiving station for RAAF Base Pearce 
developed in 1941 and consisting of two “huts” and a reinforced concrete “igloo”. 

 In October 1946, the property was selected as the site for the 3TU, replacing a number of 
wireless units at the end of WWII. 3TU became operational in September 1947 utilising a 
combination of existing WWII buildings, buildings transported from RAAF Base Pearce and 
some purpose built facilities. 

 The property comprises numerous land parcels including State road reserves, most of 
which feature sealed or gravel roads or dirt tracks. These roads provide access for tenants 
on the property and some pass through the property to provide access to adjoining 
properties. The NorthLink WA corridor cuts through the eastern section of the property. 

 Since closure and decommissioning of the facility in 1994, the property has been used for 
driver training.  

 A review of the Defence UXO website indicates that the property does not fall within an 
area of potential UXO. The potential for remnant UXO from WWII activities is very low.  

 The potential for lost, discarded or deliberately disposed ammunitions containing high 
explosives or pyrotechnic fill material is very low.  

 The potential for lost, discarded or deliberately disposed small arms ammunition or 
pyrotechnics is very low.  

2.6.3 Historical aerial photographs 

Aerial photographs of the properties were reviewed in order to ascertain the development 
history and land use practices that may have led to potential contamination. Photograph 
observational summaries are provided in Table 7 (RAAF Base Pearce), Table 8 (3TU) and 
Table 9 (Areas to the south of 3TU). Copies of the photographs have been compiled and are 
presented in Appendix B. 
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RAAF Base Pearce 

Aerial photographs between 1953 and 2005 were sourced and reviewed from Earth Tech 
(2007). Aerial photographs between 2012 and 2018 were sourced and reviewed from Landgate 
online. Aerial photographs of Sounness Road Landfill between 1965 and 2018 were sourced 
and reviewed from Landgate online. GHD notes that aerial photographs from multiple years in 
between were not available.  

3TU 

Aerial photographs between 1953 and 2005 covering CSRs within 3TU and surrounding areas 
were sourced and reviewed from Earth Tech (2007). Aerial photographs between 2012 and 
2018 were sourced and reviewed from Landgate and NearMap online. GHD notes that aerial 
photographs from multiple years in between were not available.  

Areas to the south of 3TU 

Aerial photographs between 1965 and 2019 covering CSR/PCSRs to the south of 3TU 
(including CSR_WA_000081, PCSR_0965_001, and PCSR_0965_002) and surrounding areas 
were sourced and reviewed from Landgate and NearMap online. GHD notes that aerial 
photographs from multiple years in between were not available. 
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2.7 Dangerous goods licenses and documentation 

A Freedom of Information (FOI) application was submitted to the Department of Mines, Industry 
Regulations and Safety (DMIRS) to undertake a search for records relating to RAAF Base 
Pearce and 3TU regarding: 

 Current and historical copies of licenses to store flammable/dangerous goods 

 Applications for a license to store flammable liquids/dangerous goods 

 Inspection reports with orders relating to underground tanks 

 Inspection reports with orders relating to fuel pumps 

 Documents relating to the installation of liquid petroleum gas 

 Property plans and illustrating locations (proposed or actual) of dangerous good storage 
areas and infrastructure. 

RAAF Base Pearce 

The DMIRS response dated 8 March 2018 reported that a search of the FOI records identified 
13 items falling within the scope of the request. The documents consist of dangerous goods 
storage licences, applications for dangerous goods storage licences and site plans. A summary 
of all documents is provided in Table 10. It should be noted that the limited information held by 
the department in relation to this property does not necessarily mean the property does not, or 
has not, stored other dangerous goods. 

A copy of the DMIRS correspondence and released documents is presented in Appendix C. 
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The site was historically used as a service station with hydrocarbon impacted soils identified 
beneath the building and forecourt area. The site was bituminised with all identified impacted 
soils being contained beneath the bitumen, limiting exposure to the impacted soils. No 
Contaminants of Potential Concern (CoPC) were identified in groundwater above relevant 
guidelines. As such contamination from this site is not anticipated to impact the property. 

3TU 

A review of the Contaminated Sites Database identified that there are no classified sites within 
one kilometre of the property. 

The Contaminated Sites Database search results and Basic Summary of Records (BSR) are 
presented in Appendix D. 

2.9 Review of council records 

A search of the City of Swan website indicates that neither of the properties have been reported 
to the City in relation to the following aspects: 

 Environmental investigations, monitoring, infringement notices and complaints

 Works approvals, notices or restrictions

 Operating licenses and conditions

The website search did not identify any information that would affect the outcomes of this 
investigation. 

A direct request for council information was submitted to the City of Swan on 24 January 2018 
(presented in Appendix E). Despite multiple attempts to follow up with the City, no response or 
information has been received by GHD to date.  

2.10 Heritage database searches 

2.10.1 Indigenous Australian heritage 

The Aboriginal Sites Register is held under the State’s Aboriginal Heritage Act 1972. It protects 
places and objects customarily used by, or traditional to, the original inhabitants of Australia. 

RAAF Base Pearce 

A search of the Department of Planning, Lands and Heritage (DPLH) Aboriginal Heritage Inquiry 
System (AHIS) (DPLH 2019) identified four Registered Aboriginal Sites within six kilometres of 
the centre of the property, which included a buffer distance of approximately two kilometres from 
the property boundary. Results from the Indigenous Australian Heritage search are presented in 
Appendix G. 

Three of the registered sites are located within the property boundary (the Ellen Brook: Upper 
Swan, Ki-It Monger Brook 2, Bingham Road Creek Artefact Scatter) and one registered site 
(South Bullsbrook) is located south-east of the property (Plate 1). Details of each registered site 
is summarised in Table 11. Given these sites are considered limited to the surface soils, they 
are not considered receptors for contamination associated with groundwater impacts. 

GEMS records state there is potential for Indigenous Heritage relating to the watercourses 
although surveying of sites prior to proposed developments has found no archaeological sites to 
date. 

Defence FOI 536/21/22 
Document 1













GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 40 

Groundwater and surface water level data obtained during the GHD PFAS investigation (GHD 
2018b) suggests that the Ellen Brook is both receiving from and discharging to groundwater 
depending on factors such as location along of the course of the Ellen Brook, the intensity and 
duration of recent rainfall events, the duration of dry periods and the time of year. The 
monitoring data also indicated that groundwater could flow beneath Ki-It Monger Brook during 
both post-winter and post-summer conditions and it is also possible that surface water 
discharge to groundwater occurs beneath Ki-It Monger Brook (GHD 2018b). 

There is a WWTP in the northern portion of the property which features two aerobic ponds and 
two anaerobic ponds. Historically, treated water was discharged to the Ellen Brook via open 
drains extending across the northern end of the airfield. However, in 2002 the system was 
modified to allow for disposal of treated effluent by irrigation to the grassed open space to the 
east of the WWTP (Earth Tech 2007). GHD understands that the WWTP was subject to further 
upgrades in 2018/2019. 

3.2.2 3TU 

Regional mapping indicates the topography at the 3TU area is gently undulating, with an 
elevation ranging from approximately 70 m AHD in the west to 40 m AHD in the east (Landgate 
2018). The property generally slopes from west to east. Regional topography contours are 
presented in Figure 5B and Appendix F. 

The Bulls Brook drainage system, which passes through the property, is situated on a flat, 
poorly drained sand plain (Earth Tech 2007). Most watercourses within the Bulls Brook 
catchment experience ephemeral flows which occur during winter months when rainfall is 
highest (Earth Tech 2007). Low lying areas of 3TU occur as sump lands and damp lands and 
the majority of the property is waterlogged or inundated during winter months (Earth Tech 
2007). 

3.3 Geology and soils 

3.3.1 RAAF Base Pearce 

The property is underlain by Guildford Formation sediments, predominantly comprising brown, 
silty and slightly sandy clays or clayey sands with subordinate sands and gravels (Gozzard 
1982).  

Previous environmental investigations have generally encountered alternate layers of firm sandy 
clay/clayey sand overlying stiffer sandy clay with some areas containing gravelly clay. In some 
instances, thin lenses of quartz/calcarenite and bands of ‘coffee rock’ were encountered above 
the sandy clay/clayey sand layers. This is supported by findings from the current Stage 2 DSI, 
described in more detail in Section 9.1.1. Previous and current investigations have drilled to a 
maximum depth of depth of 30 m bgl.  

GHD’s PFAS drilling program indicated that the geological profile beneath the property is 
dominated by a succession of brown silty clays over a sandier basal unit. Within the upper clay 
rich unit, various lenses of gravelly clay and silty sand were observed. The distribution of these 
lenses could not be correlated to represent a single widespread lateral unit. Iron cemented silts 
and clays were found at various locations that are colloquially referred to as “coffee rock” and 
are associated with the existing/historic water table. The clay rich unit was found to be the 
thickest (up to 15 m) in the eastern area of the Base and thinned to approximately 5 m towards 
the Ellen Brook to the west.  

The sand rich layer underlying the clays was found to be silty to clayey and generally grey to 
mottled brown, extending to at least 30 m bgl. This basal sand-dominant unit is considered likely 
part of the lower Guilford Clay formation.  
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It is noted that in the majority of drilling locations, the upper clay-dominant units were found to 
be dry to moist, whereas the basal sand-dominant unit was found to be saturated. Following first 
water strike in this unit, groundwater levels were noted to rise several metres, indicating 
confined/partly confined conditions. This is supported by the expected low permeability of the 
overlying clay unit. 

Regional geological mapping is provided in Figure 7A and Appendix F. 

3.3.2 3TU 

Geology underlying the 3TU area comprises surficial deposits of Bassendean Sands or Muchea 
Limestone overlying the Guildford Formation (Earth Tech 2007). 

Regional geological mapping indicates the geology beneath the property is variable, with 
interspersed fine to medium grained, sub-rounded quartz sand and peaty clay with variable 
sand content, of lacustrine origin (Gozzard 1982), which is generally supported by results of the 
current investigations (Section 9.1.1). Low-lying wetland areas of 3TU, within the Bassendean 
Dunes, comprise swamp deposits (Earth Tech 2007). 

Regional geological mapping is provided in Figure 7B and Appendix F. 

3.4 Acid Sulfate Soils 

3.4.1 RAAF Base Pearce 

A review of the Acid Sulfate Soils (ASS) risk mapping available through the Perth Groundwater 
Map (DWER 2018b) indicates that two portions of land within the property (along the Ellen 
Brook and on the north-western border of the property) are classified as ‘Moderate to low ASS 
disturbance risk (less than 3 m from surface). The remainder of the property is in an area 
classified as ‘No known ASS disturbance risk (less than 3 m from surface)’. 

Search results and mapping from the Perth Groundwater Map are presented in Appendix F. 

3.4.2 3TU 

A review of the ASS risk mapping available through the Perth Groundwater Map (DWER 2017b) 
indicates that ASS risk is variable across the property. The majority of the land is classified as 
‘Moderate to low ASS disturbance risk (less than 3 m from surface), however some regions in 
the southern portion of the property are classified as ‘High to moderate ASS disturbance risk 
(less than 3 m from surface).  

Search results and mapping from the Perth Groundwater Map are presented in Appendix F. 

3.5 Hydrogeology 

RAAF Base Pearce and 3TU are underlain by a superficial aquifer, a major, generally 
unconfined regional aquifer extending throughout the Swan Coastal Plain. They are located on 
the eastern most part of the Gnangara Mound (north), a regional subdivision of the superficial 
aquifer that is formed mainly by regional topography, partially by the drainage pattern and 
partially by the hydraulic characteristics of the sediments (Davidson 1995). It should be noted 
that both properties are located outside the Priority 1 public drinking water source area (P1 
PDWSA) proclaimed under the Metropolitan Water Supply, Sewerage and Drainage Act 1909 to 
be the Gnangara Underground Water Pollution Control Area. 

Within the boundaries of RAAF Base Pearce, the Guildford Formation comprises much of the 
superficial aquifer whilst within 3TU, the Guildford Formation is overlain in most areas by 
Bassendean Sands or Muchea Limestone. 
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The superficial aquifer within the Guildford Formation is reported to overlie (in order of 
increasing depth) the following aquifer units (Gozzard 1982): 

 The semi-confined Mirrabooka aquifer, occurring at approximate depths of between 30 and 
60 m bgl 

 The confined Leederville aquifer, a multi layered regional flow system in the Leederville 
and Osbourne Formations between 250 to 350 m bgl 

 The South Perth Shale 

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

 It should be noted that only the superficial regional aquifer (and discontinuous perched 
aquifer overlying it, where present) have been considered in the scope of this Stage 2 DSI. 

3.5.1 Groundwater levels 

RAAF Base Pearce 

Previous investigations (ERM 2013, GHD 2018b) have indicated that a discontinuous perched 
aquifer is present across the property within the upper portion of the Guildford Formation as a 
direct consequence of the presence of low permeability sediments and restricted vertical 
infiltration to the underlying aquifer. Perched groundwater transport to the open drainage 
channel network is expected to occur during the winter months, with associated discharges to 
both the Ellen Brook and Ki-It Monger Brook. Results from recent PFAS investigations (GHD 
2018b) support this theory of localised, discontinuous lenses of groundwater that are not 
connected to the underlying regional (superficial) aquifer. 

Interpolated regional groundwater data from the Department of Water (now Department of 
Water and Environment Regulation; DWER) (DoW 2016) suggests that beneath the eastern and 
north-eastern portion of the property, groundwater in the regional (superficial) aquifer flows in a 
general south-south westerly direction towards the Ellen Brook. In the western portion of the 
Base, the flow direction is generally towards the south-east, also towards the Ellen Brook. 
Groundwater monitoring data collected by GHD in September/October 2017 and March 2018 
from 62 wells across the property was generally consistent with results of current investigations 
(described in Section 9.2.1 and the contours published by DoW (GHD 2018b). Interpolated 
groundwater contours from DoW (2016) and GHD (2018b) are presented in Appendix F. 

During the 2017 groundwater monitoring event, depths to groundwater ranged from 0.37 m bgl 
in West Bullsbrook to 16.49 m bgl near the eastern property boundary (GHD 2018b). On 
average, the groundwater levels were 0.94 m lower in March 2018 (GHD 2018b) reflecting 
seasonal variation between post winter (September 2017) and post summer (March 2018) 
events. 

Anecdotal evidence from Defence personnel suggests groundwater can be present as surface 
water in some low-lying areas during the wet winter season. It has also been observed that at 
times, groundwater (likely perched) can seep out of expansion joints in some concreted areas. 

3TU 

Regional groundwater contours indicate that groundwater flows in an easterly direction below 
the property, with groundwater levels ranging from 65 m AHD (5 m bgl) in the west to 40 m AHD 
(0 m bgl) in the east of the property (DWER 2018b). This is consistent with historical 
investigations, which recorded standing water levels of 1.8 to 2.6 m bgl across the property 
(Earth Tech 2007) and results of current investigations, described in Section 9.2.1. Similarly, 
registered bores located on the property identified in the DWER Water Information Reporting 
(WIR) database reported water levels between 0.11 to 4.78 m bgl.  

Defence FOI 536/21/22 
Document 1



 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 43 

Shallow groundwater levels of the Swan Coastal Plan are known to fluctuate seasonally by 
about 1 m (Earth Tech 2007). In winter, the water table around the Ellen Brook rises to the 
ground surface, and some areas inundate as groundwater discharges to form sheet flow over a 
large expanse of the catchment (Smith and Shams 2002).  

DWER (2018b) groundwater contours are presented in Appendix F. 

3.5.2 Background groundwater quality 

RAAF Base Pearce 

The Perth Groundwater Map (DWER 2018b) indicates that groundwater in the area is fresh in 
the west, with Total Dissolved Solids (TDS) ranging from 250 to 500 mg/L and marginal in the 
east (TDS 500-1000 mg/L). Groundwater monitoring data from GHD (2018b) however, reported 
fresh (perched aquifer) to saline groundwater (regional superficial aquifer), with TDS ranging 
from 225 to 6097 mg/L.  The difference in salinity measured in the field may be related to the 
limited data and locations from which the Perth Groundwater Map extrapolates.  The field 
measurements are considered to be more reliable. 

Previous investigations (GHD 2018b, AECOM 2016) indicate that elevated concentrations of 
copper and zinc are present in groundwater entering the property (MW001, AECOM 2016 and 
BW_MW14 GHD 2018b) exceeding ANZECC Freshwater guidelines 95 % protection level. 
Further detail on the range of background groundwater quality is provided in Section 10.1.  

3TU 

The Perth Groundwater Map (DWER 2018b) indicates that regional groundwater is generally 
fresh, with Total Dissolved Solids (TDS) less than 250 mg/L. This is consistent with TDS 
recorded in registered DWER WIR groundwater bores located on the property, which reported 
TDS ranging from 137 to 300 mg/L (DWER 2018c).  

3.5.3 Hydraulic properties 

The hydraulic properties of the superficial regional aquifer vary significantly depending on 
prevailing lithological characteristics. The Guildford Formation, comprising predominantly clayey 
sediments, typically exhibits low hydraulic conductivities (less than 0.4 m/day), although some 
basal sandy lenses are reported to have conductivities in the order of 5 to 10 m/day (ERM 
2013). Results from slug tests undertaken as part of GHDs recent PFAS investigations on 
RAAF Base Pearce (GHD 2018b) indicate hydraulic conductivities in the superficial aquifer 
ranging from 0.03 m/d to 0.3 m/d, equating to a formation description of clay to very fine sand 
(Davidson 1995). However, it can be noted that in three wells screened within sandy clays and 
clayey sands, the groundwater response was too rapid to allow a valid determination of aquifer 
properties, indicating an estimated hydraulic conductivity of greater than 1 m/d. Based on the 
range of hydraulic conductivities recorded, a horizontal groundwater velocity range in the region 
of less than 1 to 10 m per year was calculated (GHD 2018b). 

3.5.4 Groundwater abstraction 

RAAF Base Pearce 

Groundwater is no longer abstracted from the Base for any purposes, with Scheme Water 
providing the water needs of the Base with the exception of drinking. Due to aging pipework and 
bacterial contamination, the water supply is unsuitable for drinking and bottled drinking water is 
supplied to the Base. 

The DWER Water Information Reporting database indicates there are in excess of 100 licensed 
groundwater abstraction bores located within a five kilometre radius of the centre of the Base 
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(refer to Figure 8A). The majority of these bores are used to supply domestic households and 
agricultural activities consistent with the surrounding land use. Lots to the west of the Base, 
predominantly around West Bullsbrook, currently do not have a mains water connection. Most of 
these bores (approximately 90 %) abstract groundwater from the regional superficial aquifer 
(GHD 2018b). It is pertinent to note that domestic groundwater abstraction (yield of less than 
1500 kL/annum) does not require licensing and that unregistered bores are known to be used in 
many properties surrounding the Base.  

The City of Swan holds a groundwater abstraction licence for irrigation purposes across 33 lots 
including at the Chequers Golf Club adjacent (north) to the Sounness Road Landfill.  The bore 
location and licence summary is provided in Appendix F. The DWER Water Register indicates 
their licence is for the abstraction of water from the confined Leederville aquifer and therefore 
considered unlikely to have an impact on groundwater flow direction at the adjacent landfill. The 
licence allocation is 938,795 KL annually across the 33 lots.  

In May 2016, GHD completed a water use survey of properties within the Investigation Area 
(GHD 2016b). The purpose of the survey was to obtain information from local Bullsbrook 
residents about bore water use at their properties, particularly in relation to household water 
use. A supplementary water use survey was carried out as part of the December 2016 
Community Information Session to obtain information on the use of water for crop irrigation or 
animal feeding. The information obtained assisted in defining the sampling and analysis 
program and the resulting data was used in the human health risk assessment. 

As part of GHD’s PFAS investigation works, a water use survey of properties surrounding the 
Base was undertaken to obtain information from local Bullsbrook residents about bore water use 
at their properties, particularly in relation to household water use and use of water for crop 
irrigation or animal feeding. Results indicated that use of groundwater surrounding the property 
is extensive and comprises:  

 Drinking water 

 Domestic/household uses 

 Irrigation of paddocks, vegetable gardens and fruit trees 

 Commercial businesses/local growers 

 Drinking water for chickens, pets (including rescue dogs), grazing horses, cattle and sheep.  

Based on what is understood about groundwater flow direction and discharge from the 
superficial regional aquifer to the Ellen Brook (and to a lesser extent the Ki-It Monger Brook) 
(GHD 2018b), the identified bores located west of the Ellen Brook and east of the Ki-It Monger 
Brook are not considered to be receptors of potential contamination originating at the Base, and 
as such, commercial irrigation and livestock watering have not been included as groundwater 
uses in the receptor evaluation and application of relevant assessment criteria. The potential 
however does exist for domestic-scale use of groundwater to occur via unregistered bores. 

3TU 

The DWER Water Information Reporting database indicates there are in excess of 100 licensed 
groundwater abstraction bores located within a five kilometre radius of the centre of the property 
(refer to Figure 8B). The majority of these bores are used to supply domestic households and 
agricultural activities consistent with the surrounding land use. The majority of properties 
surrounding the site have groundwater abstraction licences. 
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3.6 Ecology 

3.6.1 Surface water and wetlands 

RAAF Base Pearce 

Numerous sensitive ecological receptors are present in the vicinity of the base, as presented on 
Figure 9. The Ellen Brook extends along the western boundary of the Base and is a 
“conservation category” wetland as defined by the Department of Biodiversity, Conservation and 
Attractions (DBCA). As outlined in Section 4.2, the brook receives surface water runoff from the 
Base.  

The Twin Swamps Nature Reserve is located approximately 2.7 km south of the southern 
property boundary and is a “conservation category” wetland as defined by the DBCA. Within the 
Reserve is the Ellen Brook Swamp System which is a Nationally Important Wetland, as defined 
by the Department of the Environment and Energy (DEE). 

Based on advice provided by the DBCA, GHD understands that Twin Swamps Nature Reserve 
was established to assist with the conservation of the critically endangered Western Swamp 
Tortoise along with the Ellen Brook Nature Reserve, which surrounds a portion of the Ellen 
Brook approximately seven kilometres downstream of the southern property boundary of the 
Base. Both of these reserves are likely to be hydraulically connected to groundwater and/or 
surface water. Surface water in Twin Swamps is understood to be supplemented by 
groundwater from abstraction bores located within the northern portion of the reserve. Surface 
water in the Ellen Brook Nature Reserve is fed directly by the Ellen Brook.  

Nationally Important Wetlands such as the Ellen Brook Swamp System and conservation 
category wetlands such as the Ellen Brook and Twin Swamps Nature Reserve are classified as 
Environmentally Sensitive Areas (ESA) by the WA Minister for Environment under Section 51B 
of the Environmental Protection Act 1986. 

3TU 

Mound springs of high conservation value are present on the western side of the Swan Coastal 
Plain, along the boundary between the Bassendean Sand and Guildford Formations. The 
springs are a result of regional hydraulic pressure that maintains continuous seepage of 
groundwater to create swamps, swamp springs and bogs. A mound spring is present at the 
head of the Bulls Brook drainage system, up stream of 3TU (Smith and Shams 2002). 

Low-lying areas of 3TU occur as sump lands and damp lands and the majority of the property is 
waterlogged or inundated during winter months (URS 2001). 

3.6.2 Groundwater dependent ecosystems (GDE) 

The Australian Government Bureau of Meteorology provides a mapping portal “Groundwater 
Dependent Ecosystem Atlas (BOM 2018b)” which contains a national inventory of ecosystems 
that depend on groundwater. For Western Australia, it includes ecosystems that rely on the 
surface expression of groundwater such as rivers, wetlands and springs (aquatic) and those that 
rely on subsurface groundwater including vegetation ecosystems (terrestrial). The search 
results are provided in Appendix F. 

RAAF Base Pearce 

The search results of the Groundwater Dependent Ecosystem Atlas indicated the following 
within a 500 m radius of the property: 
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 Moderate potential Groundwater Dependent Ecosystem (GDE, national assessment) for
terrestrial groundwater dependent ecosystems in the south-western corner of the property,
around the Ellen Brook.

 Known GDE (regional study) for aquatic groundwater dependent ecosystems to the north-
west, west and south-west of the property and the Ellen Brook. High and moderate
potential GDE (national assessment) for aquatic groundwater dependent ecosystems to
the north, east and south-east of the property.

3TU 

The search results of the Groundwater Dependent Ecosystem Atlas indicated the following 
within a 500 m radius of the property: 

 High potential GDE (national assessment) for terrestrial groundwater dependent
ecosystems surrounding the 3TU area.

 High potential GDE (national assessment) for aquatic groundwater dependent ecosystems
surrounding the 3TU area.

3.6.3 Terrestrial ecology 

Portions of RAAF Base Pearce (but not 3TU), including the vegetated areas to the north, south-
east and south-west of the airfield (including portions of CSR CSR_WA_000107 - Former Fire 
Training Area and CSR CSR_WA_000083 – Dog Compound - Buried Waste), are Bush Forever 
areas (Bush Forever Site 294: Pearce aerodrome and adjacent bushland, Bullsbrook) as 
presented on Figure 9. Bush Forever is a Government conservation initiative aimed to retain 
and protect regionally significant bushland on the Swan Coastal Plain within the Perth 
Metropolitan Region. Bush Forever sites constitute ESAs under Section 51B of the EP Act. 
Previous studies have identified several Threatened Ecological Communities (TEC) and 
Declared Rare Flora (DRF) including: 

 Corymbia calophylla – Xanthorrhoea preissii woodlands and shrublands of the Swan
Coastal Plain

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

 Endangered species Centrolepis caespitose.

 Vulnerable species Eleocharis keigheryi.

3.6.4 Remnant native vegetation 

The Australian Government Department of Primary Industries and Regional Development holds 
a dataset containing vegetation extent polygons from the mapping of remnant vegetation in 
Western Australia entitled “Current Extent of Native vegetation – Western Australia”. The 
dataset which is updated annually was accessed using GIS application ArcGIS. 

RAAF Base Pearce 

Portions of remnant native vegetation are scattered throughout the property. Remnant 
vegetation was also identified within a 500 m radius around the property, primarily to the east 
and west of the property boundary. A screen capture showing these locations is provided in 
Appendix F. 

A search of GEMS records indicates that ten vegetation communities are mapped across the 
Pearce property. All remnant vegetation across the property is considered of high conservation 
value. Flora includes Wandoo Woodlands (Eucalyptus wandoo) and Marri (Corymbia calophylla) 
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which provides habitat for fauna including Carnaby's Cockatoo and is a critical habitat for the 
Matted Centrolepis (Centrolepis caespitosa).  

Given the direction of groundwater flow from the property (south-south westerly to the Ellen 
Brook and south-east direction towards the Ki-it Monger Brook), the remnant vegetation to north 
and north-east are not considered potential receptors of potential contamination from the 
property (if identified). 

3TU 

No remnant native vegetation was identified within the property. However, remnant native 
vegetation was identified within 500 m south, south-west and east of the property boundaries. A 
screen capture showing these locations is provided in Appendix F. 

GEMS records indicate that 3TU is mainly degraded farmland with limited areas of remnant 
vegetation particularly along watercourses of low intrinsic conservation value. A Bush Forever 
site (399) is present to the west and south of the property. 

Given that the regional groundwater flows in an easterly direction below the property, the 
remnant vegetation to the east and south-east of the property are considered potential 
receptors of potential contamination from the property (if identified). 

3.6.5 EPBC Act protected matters search tool 

The Australian Government Department of Environment and Energy provides a Protected 
Matters Search Tool to retrieve information on matters of national environmental significance or 
other matters protected by the EPBC Act. Such matters may include areas such as Ramsar 
wetlands, nationally important wetlands, marine parks or reserves and Commonwealth, National 
or World heritage properties or places. 

The search results provide a conservative output for matters of national environmental 
significance within 10 km of the search radius. The protected matters search report is provided 
in Appendix F. Only potential receptors within 500 m of the property are considered further in 
this assessment.  

RAAF Base Pearce 

The search showed there are 25 listed threatened flora and fauna species and four listed 
threatened ecological communities within the search output (conservative 10 km radius). Given 
the highly developed RAAF Base facility and the patchy sparsely distributed vegetation within 
the property, it is unlikely for the property to provide a viable habitat for these species. These 
threatened species were also recorded in GEMS. 

3TU 

The search showed that there are 20 listed threatened flora and fauna species and two listed 
threatened ecological communities within the search output (conservative 10 km radius), as per 
Table 16. Given the presence of vegetation within the property and the dense remnant 
vegetation within 500 m of property boundaries, it is possible for the identified species to be 
present in the area. These species are considered potential receptors of potential contamination 
from the property (if identified). These threatened species were not recorded in GEMS. 
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4. Potential for contamination 

4.1 Previous environmental investigations 

These reports were examined as part of the process of determining relevant data gaps that 
required addressing as part of this Stage 2 DSI (see Section 5.3). A full data integrity 
assessment of each report was outside the scope of this investigation, however as these reports 
were delivered to Defence under Defence’s Contamination Directives, it would be expected that 
they are fit for purpose and as such have been relied upon. 

The key reports considered to provide a relevant framework for the current site-wide 
understanding of contamination risk are summarised in Table 17. 
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4.2 GHD site inspection/interviews 

GHD undertook a site walkover in February 2018 with the DCARM project manager and the site 
Regional Environment and Sustainability Manager (RESM). Photographs of property features 
were not authorised to be taken. It should be noted that the walkover was undertaken as a 
holistic consideration of the whole of both properties. Previously existing CSRs were visited to 
assess any significant changes in conditions which would alter potential contamination status. In 
addition to existing CSRs, three PCSRs were identified as described in Table 18.  

Following completion of Mobilisation 1 undertaken between March and May 2018 (including 
limited sediment sampling in September 2018), two further PCSRs were identified as requiring 
assessment based on anecdotal information provided by Defence (one at RAAF Base Pearce 
and one at 3TU) as described in Table 19.  

These PCSRs as well as select existing CSRs (requiring additional assessment to adequately 
address residual data gaps) were investigated during Mobilisation 2 undertaken in April 2019 
(detailed further in Section 5.3). 

Observations from the initial property walkover and anecdotal information pertaining to identified 
PCSRs obtained from Defence are noted in Table 18, and Table 19, with CSRs and PCSRs 
marked on Figure 3A and Figure 3B.  
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5. Preliminary CSM and data gaps 

evaluation 

5.1 Balance of property assessment 

With a high degree of confidence it is determined that there are no additional PCSRs across the 
balance of the properties that have not been accounted for. The qualitative assessment of the 
balance of the properties has been based on previous investigations, the findings of the site 
walkover and interviews, and anecdotal information obtained as part of this investigation. On 
this basis no further works were considered to be warranted across the balance of the 
properties as part of this Stage 2 DSI. 

5.2 Potential sources, pathways and receptors 

5.2.1 Potential sources and contaminants of concern 

Details of the principal potentially contaminating source areas of concern identified, together 
with an initial source-pathway-receptor linkage evaluation are summarised in the CSM in Table 
22 and Table 23. 

5.2.2 Potential pathways 

Potential pathways by which release of potential contaminants to the environment may migrate 
within, and from the properties are summarised below: 

 Property users (Defence personnel), maintenance workers and contractors working on the 
property and future property users may be exposed to potentially contaminated soil and 
groundwater via the dermal (direct contact), inhalation (dust, vapour and odour) and 
ingestion pathways (consuming food without washing hands) 

 Migration of hydrocarbon vapours into trenches during excavation/intrusive works 

 Uptake by plants 

 Lateral migration of contaminants via surface runoff during heavy rainfall events  

 Leaching and migration of contaminants laterally and/or vertically through the soil profile 
into the underlying perched groundwater aquifer, drainage to superficial aquifer and 
discharge to surface water receiving body 

 Lateral migration of contaminants in groundwater in the direction of groundwater flow 

 Abstraction of groundwater 

5.2.3 Potential receptors 

Based on the review of currently available information with regard to the current and ongoing 
use of the properties and the current land uses of the surrounding areas, the human and 
ecological receptors identified for RAAF Base Pearce and 3TU are summarised in the following 
sections. 

5.2.3.1 RAAF Base Pearce 
Potential human and ecological receptors identified for RAAF Base Pearce are summarised in 
Table 20.  
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5.2.4 Potentially complete source-pathway-receptor (S-P-R) linkages 

The initial Source-Pathway-Receptor (S-P-R) linkages considered potentially complete for the 
RAAF Base Pearce and 3TU properties are summarised in CSM Table 22 and Table 23. 
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5.3  Summary of GEMS EFM CSR entries 

At the commencement of the project, records for 32 CSR locations situated within RAAF Base 
Pearce and 3TU were listed in the GEMS CSR database. These included:  

 27 existing CSRs at RAAF Base Pearce 

 Five existing CSRs at 3TU. 

As mentioned in Section 2.3, following review of previous reports, initial site inspections and 
development of the preliminary CSMs (Table 18 and Table 19), 11 CSR locations were removed 
from the Stage 2 DSI scope of work and five PCSRs were identified for inclusion in the scope of 
works. Details are summarised in the following sections. 

5.3.1 CSR locations not included in the Stage 2 DSI 

 10 of the 27 original CSR locations at RAAF Base Pearce and one of the five original CSR 
locations at 3TU were removed from the scope of GHD site investigations based on the 
rationale provided in Table 22 and Table 23 and the associated low risk. It is recommended 
that these CSRs (listed below) can be archived: 

– CSR_WA_000112 Radioactive Aircraft Former Jet Wash Down Area 

– CSR_WA_000111 Aircraft Wash Down (‘Bird Bath) 
– CSR_WA_000105 Former Ammunition Bunker - Toxic Waste 

– CSR_WA_000108 Former Fire Training Area  

– CSR_WA_000086 Fuel Storage – 2 x ASTs 026 and 027 
– CSR_WA_000154 Fuel Storage South of Building 13 (UST 030 and AST 031) 

– CSR_WA_000085 Waste Oil Storage East of Building 134 (AST_039) 

– CSR_WA_000157 Waste Oil Storage East of Building 134 (UST_038) 
– CSR_WA_000158 Waste Oil Sumps between Building A78 and A125 

– CSR_WA_000159 Waste Oil Sumps between Building A116 and Hangar 95 

– CSR_WA_000101 Former 3TU Workshop – Buried Waste 

5.3.2 PCSRs included in the Stage 2 DSI 

 Prior to implementation of Mobilisation 1 of the Stage 2 DSI, three PCSRs (two located at 
RAAF Base Pearce and one located at 3TU) were identified as requiring investigation and 
were included in the Stage 2 scope of work. These were: 

– PCSR_0967_002 New AVTUR Fuel Farm (RAAF Base Pearce) 

– PCSR_0967_003 Former 25 m Small Arms Range (RAAF Base Pearce) 
– PCSR_0965_002 Asphalt Stockpiles (3TU) 

 Following completion of Mobilisation 1, two additional PCSRs requiring investigation were 
identified based on information provided by DCARM and the Defence PFASIMB 
investigations (GHD 2018b). The following additional PCSRs were investigated during 
Mobilisation 2 of the Stage 2 DSI: 

– PCSR_0967_001 Aircraft Shelters (RAAF Base Pearce) 
– PCSR_0965_001 Former Fire Extinguisher Training Area (3TU) 

The rationale for inclusion of the abovementioned PCSRs in the Stage 2 DSI scope of work are 
based on the details provided in Table 22 and Table 23. 
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5.4 Summary of data gaps 

In order to meet the purpose and objectives of the project (as listed in Section 1.2 and 1.3), data 
gaps have been identified in the preliminary CSMs in Table 18 and Table 19, based on the 
collective review of available data, site walkover observations and anecdotal advice provided by 
persons knowledgeable of former property activities. They can be summarised as follows: 

 Soil impact uncertainty. This data gap applies to a range of CoPC (including TRH, BTEX-
N, PAHs, phenols, VOCs/SVOCs, metals, Organochlorine/organophosphate (OC/OP) 
pesticides and PCBs) at a number of CSRs (listed in Table 20) where previous 
investigations have not fully assessed the nature and extent of soil contamination to 
adequately enable an understanding of potential risk to current and future land-uses. 

 Groundwater impact uncertainty. This data gap applies to a range of CoPCs (including 
TRH, BTEX-N, PAHs, chlorinated hydrocarbons, VOCs/SVOCs, metals and OC/OP 
pesticides) at a number of CSRs (listed in Table 22 and Table 23) where previous 
investigations have not fully assessed the nature and extent of groundwater contamination 
beneath and down gradient of potential historical source areas (including groundwater flow 
characterisation) to adequately enable an understanding of potential risk to current and 
future land-uses. 

 Plume stability uncertainty. This data gap applies to a limited number of CSRs (listed in 
Table 22 and Table 23) where historical data sets exist but have not been adequately 
interrogated to inform a quantitative assessment of groundwater trends under seasonal 
variation and therefore an assessment of plume stability. 

 Surface water/sediment impact characterisation uncertainty. This data gap applies to 
most CSRs as in many cases there has been no holistic assessment of potential risk of 
contamination and associated exposure risks in surface water and sediment within the 
surface water drainage channel networks located on and immediately surrounding the 
RAAF Base Pearce and 3TU properties. An assessment of the potential contamination 
status of the surface water drainage channel network (within and immediately surrounding 
the RAAF Base Pearce and 3TU property boundaries) is considered necessary given the 
range of CoPCs and existing contamination on the properties and the potential to impact 
surface water which subsequently discharges to the nearby ecologically sensitive surface 
water receiving bodies (Ki-It Monger Brook and the Ellen Brook – Upper Swan catchment). 

 Vapour risk uncertainty. This data gap applies to a limited number of CSRs (listed in 
Table 22 and Table 23) where further investigations required to assess the potential for 
vapour risk to property users. 

5.5 Stage 2 DSI data quality objectives 

The amount, nature and quality of the data are determined by establishing Data Quality 
Objectives (DQOs). The major advantage of the DQO approach is that the investigation 
planning is carried out in a structured way with the questions of environmental significance 
identified and posed at an early stage and timely, necessary and purpose driven data are 
collected to resolve the identified uncertainties. 

The DQOs provide the framework for the investigation design and are intended to ensure that 
representative data are collected to address residual data uncertainties in the CSM.  
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In accordance with AS 4482.1 ‘Guide to the Investigation and Sampling of Sites with Potentially 
Contaminated Soil Part 1: Non-volatile and semi-volatile compounds’ (Standards Australia 
2005) and the National Environmental Protection Measure and its amendment (NEPM, 1999 
and 2013) for the assessment of property contamination, the DQOs for the targeted Stage 2 DSI 
are qualitative and quantitative criteria that: 

 Clarify study objectives 

 Define appropriate types of data to collect 

 Specify the tolerable levels of potential decision-making errors 

The DQO process, as defined in AS 4482.1 (Standards Australia 2005) and NEPM (2013), 
consists of seven distinct steps, as shown below: 

 State the problem 

 Identify the decision 

 Identify inputs to the decision 

 Define the study boundaries 

 Develop a decision rule 

 Specify limits on decision errors 

 Optimise the design for obtaining data 

The DQO process underpinning the SAQP for the Stage 2 DSI is documented in Table 24 and 
the scope of works is detailed in Section 6. 
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6. Scope of work – Stage 2 DSI 

6.1 Introduction 

Sampling locations for the Stage 2 DSI were selected to address the identified data gaps based 
on the outcomes of the review of previous reports, site walkover, interviews, updated desktop 
assessments and additional anecdotal information. 

In addition to the existing CSRs at RAAF Base Pearce and 3TU, five PCSRs were identified that 
had not been previously assessed (Aircraft shelters, AVTUR fuel farm, former small arms range, 
former fire extinguisher training area, and asphalt stockpile area). With a high degree of 
confidence, it is considered that there are no additional unidentified CSRs present across the 
balance of both property areas. The qualitative assessment of the balance of the properties is 
based on; previous investigations; the findings of the Stage 1 PSI, the site walkover and 
interviews undertaken as part of this investigation as well as anecdotal information provided by 
Defence. 

6.2 Sample locations 

The sampling rationale for each CSR/PCSR area investigated as part of the Stage 2 DSI 
undertaken across two mobilisations (Mobilisation 1 undertaken in March-May 2018 and 
Mobilisation 2 undertaken in April 2019) at RAAF Base Pearce and 3TU is outlined in Table 25 
and Table 26 respectively. Further details are provided in Section 10. 
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7. Methodology 

Methodologies adopted for the scope of work undertaken during Mobilisation 1 (2018) and 
Mobilisation 2 (2019) of the Stage 2 DSI are outlined in the following sections. 

7.1 Subsurface clearance procedures 

Subsurface utility detection services were engaged to identify underground services prior to the 
commencement of the drilling programs conducted during Mobilisation 1 (2018) and 
Mobilisation 2 (2019) (soil bores and groundwater well installation). Furthermore, all soil bore 
and groundwater monitoring well locations were cleared to a depth of 1.5 m bgl using hand 
auger prior to mechanical drilling. 

7.2 Soil investigation methodology 

Soil bores were advanced using a hand auger to 1.5 m bgl or refusal which was typically 
1.0 m bgl. A Geoprobe mechanical drill rig was used to progress soil bores to the required 
depths and achieve collection of samples from the designated depths soil profile via push tube.  

7.2.1 Drilling methods 

Non Destructive Drilling (NDD) 

All soil investigation locations were advanced from surface to 1.0 to 1.5 m bgl using a hand 
auger (NDD technique) to minimise the risk of encountering subsurface services.  Although 
hand augering is not recommended by AS4482.2-1999 for sampling of volatiles in soil, it was 
considered the safety of the field team outweighed any losses of VOCs by the sampling 
technique.  Furthermore, the potential for surface air leakage within the first 1.5 m of the soil 
profile is high, meaning volatiles are readily lost from near surface soil samples.  Sampling 
technique is therefore unlikely to have further significant effect on VOC concentrations.  The 
sampling technique would still be able to detect gross VOC contamination for example from a 
recent spill. 

Geoprobe mechanical drilling 

Soil locations selected for push tube continuous sampling (in accordance with AS4482.2-1999 
for sampling of volatiles) were advanced using a Geoprobe® mechanical drilling rig continuous 
core push tube method. The push tube technique removed cores of soil enabling direct visible 
assessment of the soil profile enabling detailed logs to be made as well as allowing for discrete 
samples to be collected. 

7.2.2 Soil lithology logging and sampling 

Each bore was logged for soil and rock type classifications and descriptions based on the 
Unified Soil Classification System and AS4482.1-1997 guidelines. Colour changes, odours and 
the occurrence of fill (if present) were noted on each soil bore log. Soil descriptions for the 
lithology encountered during drilling are presented in the bore logs provided in Appendix I.  

A PID was used to screen samples for the presence of VOCs. Soil was sampled and placed in 
zip lock bags before the PID was inserted into the bag to screen for VOCs. 

Soil samples were collected from near surface (0.0 to 0.1 m), 0.5 m and then every 0.5 m or 
changes in lithology or if visual or olfactory signs of contamination was observed until the target 
depth was reached or refusal was encountered. 
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Representative samples were placed into laboratory prepared glass sample jars, with Teflon-
lined lids. For soil samples specifically for PFAS analysis, laboratory specified plastic 
polypropylene jars were used. Soil samples were collected using new disposable nitrile gloves 
for each sample and then placed directly into laboratory provided sample jars. Sealed jars were 
placed into ice-filled eskies immediately following collection for subsequent delivery to the 
nominated primary laboratory under Chain of Custody documentation (CoC). Split samples were 
forwarded to the nominated secondary laboratory by the primary laboratory.  

Soil sampling locations were surveyed in the x-y plane using a GPS with an accuracy of 5 to 
10 m. 

7.2.3 X-ray Fluorescence (XRF) sampling  

Field measurement of metals using XRF were undertaken at targeted locations across 
PCSR_0967_003 (25 m Small Arms Range) to supplement laboratory analytical data in 
accordance with US EPA 2007 (referenced in NEPM Schedule B2) as per the following: 

 A representative sample of soil will was collected from a 0.1 by 0.1 m square that was 
0.03 m deep 

 The sample was sieved through a 2 mm sieve and homogenised to ensure a uniform 
particle size 

 The sample was placed into a 250 mL sample jar, ensuring that the soil was tightly 
compacted within the jar 

 The XRF was positioned against the soil and a shot was measured over a minimum count 
time of 10 seconds 

 A total of five shots were undertaken for each sample 

 Samples with varying lead concentrations by XRF were selected to provide data-spread 
and allow a correlation assessment between field and laboratory results 

 Standard reference materials (standard containing certified concentrations of metals in soil) 
were used for accuracy and performance checks of XRF analyses. Standard reference 
material readings were taken every 20 locations. 

7.3 Groundwater investigation methodology 

7.3.1 Drilling methods 

NDD 

All groundwater monitoring well locations were advanced from surface to 1.0 to 1.5 m using a 
hand auger (NDD technique) to minimise the risk of encountering subsurface services.  

Sonic Drilling 

A sonic drill rig was used to achieve the final depths of each monitoring well. Final depths were 
determined based on the depth groundwater encountered during drilling and/or whether the 
purpose of the location was to target the perched or regional groundwater aquifer. 

After each stage of drill stem advancement, the inner string was removed with a core of drill 
cuttings while the temporary ‘casing’ string remained insitu to hold the borehole open. The 
cuttings were laid out in sequence from surface to base for examination of the stratigraphy prior 
to sampling or storage for subsequent disposal. Observations recorded during the drilling 
program are detailed in Section 9.1. Lithology descriptions for each monitoring well were logged 
and are provided in Appendix I. 
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7.3.2 Groundwater monitoring well installation 

50 mm permanent groundwater monitoring wells 

Monitoring well construction comprised a 50 mm diameter PVC screen and plain casing with 
screw fittings installed in an approximately 120 mm diameter borehole. A slotted screen length 
of 3.0 m was generally used, with approximately 2.0 m installed below the water table and 1 m 
above. Screened sections were installed in a gravel filter pack, which was placed to 
approximately 0.5 to 1.0 m above the top of the screen and isolated with a bentonite seal, with 
the remaining void to the ground surface backfilled with non-impacted drill cuttings based on 
visual and olfactory observations. Smear zone soils or those form the shallow fill horizons were 
not used as backfill at any well location. Where non-impacted drill cuttings were used, they were 
placed above the bentonite seal, further reducing the potential for any contamination to occur. 
Wells were fitted with steel monument covers and secured into position with concrete. A water 
tight ‘enviro-cap’ was installed on the top of each well casing to prevent accidental blockage of 
the well.  

Post-construction well development 

Wells were developed following installation using a submersible pump to purge any 
accumulated sediment or introduced water. At least three well volumes were developed at a 
minimum, until the water ran clear. Development water was contained in 220 L drums and 
disposed off-site to an appropriate off-site facility by a licensed waste carrier.  

Decontamination and stabilisation 

Decontamination of drill rig equipment was carried out between all monitoring well locations. 
Wells were left for a minimum of one week to allow stabilisation between 
installation/development and commencement of the GMEs (2018 and 2019). 

7.3.3 Groundwater monitoring events 

Details of GME activities are summarised in Table 29.  
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collected from an accessible saturated zone below the surface of the water (the water was 
typically very shallow). Observations recorded during sediment sampling including lithology and 
any olfactory evidence of contamination are detailed in Section 10.4. 

7.5 Data QA/QC procedures 

7.5.1 Background 

QA/QC were adopted during the fieldwork based on the minimum requirements detailed in the 
Australian Standard AS4482.1-2005, and on the recommendations given in the ASC NEPM. 
The QA/QC system allows the collected data to be assessed to provide evidence that the data 
is fit for interpretive use. QA/QC sampling was carried out by GHD field personnel during the 
fieldwork together with sampling, handling and decontamination procedures as detailed below. 

7.5.2 Summary of compliance 

Field QA/QC procedures and compliance during the investigation are summarised in Table 30, 
with laboratory QA/QC procedures and compliance summarised in Table 31. Further discussion 
and detail surrounding data QA/QC undertaken for this investigation is provided in Appendix O. 

For the reasons described in Appendix O, the reported QA/QC non-compliances are not 
considered to significantly influence the reliability of the analytical data. 

The overall review of the QA/QC results indicates that the data are of an acceptable quality 
upon which to enable assessment of the property. 
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8. Assessment criteria 

8.1 Relevant guidelines  

Soil and groundwater data collected during the Stage 2 DSI have been evaluated by 
comparison with appropriate Tier 1 risk screening criteria adopted from the following Australian 
guidelines: 

 NEPM (2013) Schedule B(1) – Guideline on Investigation Levels for Soil and Groundwater 

 CRC CARE Technical Report No. 10 (2011) Health Screening Levels for Petroleum 
Hydrocarbons in Soil and Groundwater 

 DER (2014) Assessment and management of contaminated sites: Contaminated sites 
guidelines 

 DoH (2011) Guidelines for the Non-potable Uses of Recycled Water in Western Australia 

 HEPA (2018) PFAS National Environmental Management Plan (PFAS NEMP) 

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh water, marine water and livestock drinking water 
quality.  

 NHMRC & NRMMC (2017) Australian Drinking Water Guidelines 

 NHMRC (2008) Guidelines for managing risks in recreational waters 

Where authoritative Australian guidelines were not available for assessment purposes, 
alternative guideline criteria were adopted from other regulatory jurisdictions which have been 
applied on other sites within the Western Australian regulatory jurisdiction including: 

 United States Environmental Protection Agency – Regional Screening Levels, May 2018 
(explosives, PAHs, phenols, VOCs, BTEX and dioxins & furans) (USEPA 2018). 

8.2 Assessment criteria – RAAF Base Pearce 

8.2.1 Soil Investigation Levels (SIL) 

8.2.1.1 Factors affecting Tier 1 criteria selection for soil quality 

Land use scenario 

All Tier 1 criteria used to evaluate human health risks in this report are based on a 
commercial/industrial land use scenario. The Former Service Station (CSR_WA_000117) is 
located immediately south-east of the housing blocks on the property and it may potentially 
have a residential future land use, therefore this CSR has been further assessed for human 
health risks based on a residential land use scenario as a conservative measure. 

Soil type 

As detailed in Section 3.3.1, the soil beneath the property has been recorded either as sandy 
clay or clayey sand in previous and current environmental investigations. For the screening risk 
assessments presented in this report, either a clay or sand soil type has been selected 
depending on the dominant soil characteristics observed in each CSR. 
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8.2.1.2 Human health criteria – soil 

Heavy metals and other inorganic compounds 

NEPM (2013) Schedule B (1). Guideline on Investigation Levels for Soil and Groundwater: 
 Health Investigation Level HIL-D – for chronic exposure via direct contact pathways 

including dermal contact, ingestion and dust inhalation in a commercial/industrial land use 
scenario. 

 Health Investigation Level HIL-B – for chronic exposure via direct contact pathways 
including dermal contact, ingestion and dust inhalation in a residential land use scenario 
with minimal opportunities for soil access. 

United States Environmental Protection Agency (May 2018) Regional Screening Levels: 

 Regional Screening Levels RSL - Soil: Composite worker – for direct contact exposure 
pathways (TR2=1x10-06, THQ3=1.0) (USEPA 2018). 

 Regional Screening Levels RSL – Soil: Residents – for direct contact exposure pathways 
(TR[7]=1x10-06, THQ[8]=1.0) (USEPA 2018). 

Health Investigation Levels (HIL) are applicable to soil depths of up to three metres below 
ground level. HILs for a commercial/industrial land use scenario (HIL-D) were used for 
assessment at all CSRs at RAAF Base Pearce. Additionally, the Former Service Station 
(CSR_WA_000117) was compared to HILs for a residential land use scenario (HIL-B) due to its 
proximity to housing blocks immediately north-west of the CSR. A summary of the soil 
assessment criteria applied to each CSR is provided in Table 35. 

Where Australian-derived soil investigation levels were not available, alternative Tier 1 criteria 
were adopted from other regulatory jurisdictions and applied for screening purposes for the 
following parameters: 

 BTEX 

 PAHs 

 Phenols 

 VOCs 

 Dioxins & furans 

 Explosives residues 

Petroleum hydrocarbon compounds 

Health Screening Levels (HSLs) developed by CRC CARE for selected petroleum compounds 
and fractions published in NEPM (2013) were adopted (except for direct contact HSLs and 
intrusive maintenance workers HSLs, which were taken from CRC CARE (2011)) to assess 
human health risks to potentially sensitive receptors under a commercial/industrial land-use 
scenario via the following exposure pathways: 

 Soil HSL-Intrusive Maintenance Worker – for chronic exposure of shallow trench worker 
(trench depth less than 1 m bgl) via direct contact pathways, including dermal contact, 
ingestion and dust inhalation 

 Soil HSL-D (direct contact) Commercial/Industrial – for direct contact pathways, including 
dermal contact, ingestion and dust inhalation 

                                                      
7 Target Risk (TR) provided by the user in site-specific mode 
8 Target Hazard Quotient (THQ) provided by user in site-specific mode 
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8.2.2 Groundwater Investigation Levels (GIL) 

8.2.2.1 Factors affecting Tier 1 criteria selection for water quality 
Tier 1 selection criteria for groundwater quality was determined on a property-wide basis. 
Adopted assessment criteria were tailored to each CSR based on encountered soil types 
(sand/clay) and groundwater depths, as detailed below and summarised in Table 36. 

Groundwater use 

As described in Section 3.5.4, groundwater is no longer abstracted from the Base for any 
purposes, with scheme water providing the non-potable water needs of the Base and bottled 
drinking water supplied for potable needs. 

Results of a water-use survey conducted as part of GHDs PFAS investigation works (GHD 
2018b) indicate that use of groundwater surrounding the property is extensive and comprises:  

 Drinking water 

 Domestic/household uses 

 Irrigation of paddocks, vegetable gardens and fruit trees 

 Commercial businesses/local growers 

 Drinking water for chickens, pets (including rescue dogs), grazing horses, cattle and sheep. 

Based on what is understood about groundwater flow direction and discharge from the 
superficial regional aquifer to the Ellen Brook (and to a lesser extent Ki-It Monger Brook) (GHD 
2018b), the identified bores located west of the Ellen Brook and east of the Ki-It Monger Brook 
are not considered to be receptors of potential contamination originating at the Base, and as 
such, commercial irrigation and livestock watering have not been included as groundwater uses 
in the receptor evaluation and application of relevant assessment criteria. The potential however 
does exist for domestic-scale use of groundwater to occur via unregistered bores. 

Groundwater depth 

As described in Section 3.5.1 and Section 9.2.1, groundwater at the property is generally 
encountered in two separate aquifers: 

 ‘Perched aquifer’ refers to seasonal unconfined groundwater held above the water table by 
a layer of impermeable material (e.g. clay), present within localised areas. 

 ‘Regional aquifer’ refers to the superficial aquifer that is present throughout the property, 
typically below the localised perched aquifer lenses. Based on consultation undertaken 
during the PFASIMB DSI (GHD 2018b), this aquifer is the main source of groundwater 
used by the community in the area surrounding the Base. As monitoring wells were 
installed across the property targeting both the perched and regional groundwater aquifers, 
groundwater depth is considered on a well by well basis for screening risk assessments for 
vapour intrusion. The following categories of groundwater depths were used for 
assessment criteria evaluation (adopted from NEPM 2013): 

 2 to less than 4 m bgl 

 4 to less than 8 m bgl 

 Greater than 8 m bgl 

Soil Type 

For the vapour intrusion screening risk assessment presented in this report, soil type (sand/clay) 
was determined on a CSR basis, based on the predominant (greater than 50 %) soil type 
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encountered during drilling. In the CSRs where no soil investigation was conducted, a soil type 
of ‘sand’ was assumed as a conservative measure. 

Environmental status of the Ellen Brook-Upper Swan catchment (surface water receiving 
body) 

The primary surface water receiving environments are the Ellen Brook and the Ki-It Monger 
Brook. The brooks receive surface water run-off from the RAAF Base as well as surrounding 
areas, where a range of commercial/industrial activities occur. Furthermore, much of the Ellen 
Brook catchment has been cleared for agriculture, and monitoring conducted has identified 
nutrient concentrations within surface water of the Brook in excess of their nominated target 
levels (Department of Water and Swan River Trust 2011). It is therefore considered appropriate 
to categorise the Ellen Brook and Ki-It Monger Brook as a ‘slightly to moderately disturbed’ 
system. 

8.2.2.2 Human health criteria – groundwater 
NHMRC & NRMMC (2017) Australian Drinking Water Guidelines 

 Guideline values for physical and chemical characteristics – Aesthetic  

 Guideline values for physical and chemical characteristics – Health 

 NHMRC (2008) Guidelines for managing risks in recreational waters  

 Non-potable groundwater use (NPUG) 

 Department of Health (DoH 2011) Guidelines for the Non-potable Uses of Recycled Water 
in Western Australia 

 Microbiological assessment levels, urban recreational areas, open spaces, parks and 
gardens – for the assessment of municipal use with some restricted access and application 

CRC CARE Technical Report No. 10 (2011) Health Screening Levels for Petroleum 
Hydrocarbons in Soil and Groundwater 

NEPM (2013) Schedule B(1) - Guideline on Investigation Levels for Soil and Groundwater 

 Groundwater HSL-D Commercial/Industrial, sand/clay soil type - for the assessment of 
vapour intrusion risks. 

8.2.2.3 Ecological criteria – groundwater 
ANZECC & ARMCANZ (2000). National water quality management strategy. Australian and 
New Zealand guidelines for fresh and marine water quality.  

NEPM (2013) Schedule B (1). Guideline on Investigation Levels for Soil and Groundwater 

 Groundwater Investigation Levels GILs – Fresh Waters to assess risks to aquatic 
ecosystems in slightly to moderately disturbed systems – 95 % species protection level 

8.2.2.4 Groundwater assessment criteria per CSR 
A summary of applied groundwater assessment criteria per CSR is provided in Table 36. 
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8.2.3 Sediment trigger levels 

Sediment assessment criteria have been selected from:  

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh and marine water quality.  

 Simpson and Batley (2016). Sediment Quality Assessment, A Practical Guide, Second 
Edition. CSIRO. Clayton South, Victoria 

The Interim Sediment Quality Guideline (ISQG) presented by ANZECC & ARMCANZ (2000) are 
referenced and revised by Simpson and Batley (2016). The guidelines present two guideline 
concentrations for bioavailable contaminants in sediments, the soil quality guideline (SQG)-Low 
concentration and the SQG-High concentration. Below the SQG-Low concentration the 
frequency of adverse effects is expected to be very low. The SQG-High concentration 
represents a guideline above which adverse chronic biological effects to sensitive species may 
be expected to occur more frequently. 

The application of these criteria requires the following procedure: 

 Where bioavailable concentrations are less than SQG-Low, no action is required 

 Where bioavailable concentrations are between the SQG-Low and SQG-High 
concentration, an assessment against background bioavailable metal concentrations 
should be made 

 Where the bioavailable concentrations are found to exceed the SQG-High, then direct biota 
toxicity testing may be required and where contaminants are found to be toxic remediation 
may need to be conducted 

 As sediment samples were generally collected from dry surface water drains or stagnant 
pools they are not considered to be representative of conditions which may support 
ephemeral benthic ecosystems. Therefore, sediment samples were compared against both 
sediment guidelines as well as soil guidelines considered relevant for each CSR (refer to 
Section 8.2.1 – Soil Investigation Levels). 

8.2.4 Surface water trigger values 

As per the Department of Defence Water Quality Monitoring Manual (DoD 2016), site-specific 
trigger values for surface water assessment should be applied to flowing natural waterways, and 
are not applicable to standing water, water in drainage lines or stormwater runoff. Surface water 
samples collected during this investigation were collected from drainage lines only, and were 
not observed to be flowing due to the dry, post-summer conditions. The development of site-
specific trigger levels was therefore not considered appropriate.  

Considering the Ellen Brook and Ki-It Monger Brook as receptors of surface water draining 
from site, the following Tier 1 assessment criteria were determined for surface water samples: 

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh and marine water quality.  

 Groundwater Investigation Levels GILs – Fresh Waters to assess risks to aquatic 
ecosystems in slightly to moderately disturbed systems - 95% species protection level 

 DER (2014) Assessment and management of contaminated sites: Contaminated sites 
guidelines 

 Non-potable groundwater use (NPUG) – for recreational use of the Ellen Brook and Ki-It 
Monger Brook 
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8.3 Assessment criteria – 3TU 

8.3.1 Soil Investigation Levels 

8.3.1.1 Factors affecting Tier 1 criteria selection for soil quality 

Land use scenario 

As discussed in Section 2.2.2, 3TU is currently vacant and comprises remnant bushland and 
areas that have been cleared for grazing. In addition, certain areas of the property contain 
building rubble, concrete slabs, a former landfill, an asphalt stockpile, and general fly-tipped 
waste across the property.  

It is understood that although there are no current re-development plans, it has been 
conservatively assumed that future land-uses may include rural agricultural, residential and 
public open space. It is also known that the public illegally access the property.  Hence, Tier 1 
criteria used to evaluate human health risks in this report are based on a low density residential 
and recreational/open space land use scenarios as well as commercial/industrial guidelines 
applicable to current site usage. 

Soil type 

As described in Section 3.3.2 and Section 9.1.1, soil beneath the property comprises 
Bassendean Sands in shallow soils (up to 5 m bgl). For the screening risk assessments 
presented in this report, a sand soil type has been selected as being most representative of site 
conditions. 

8.3.1.2 Human health criteria – soil 

Heavy metals, asbestos and other inorganic compounds 

NEPM (2013) Schedule B (1). Guideline on Investigation Levels for Soil and Groundwater: 
 Health Investigation Level HIL-A – for chronic exposure via direct contact pathways 

including dermal contact, ingestion and dust inhalation in a low density residential land use 
scenario. 

 Health Investigation Level HIL-C – for chronic exposure via direct contact pathways 
including dermal contact, ingestion and dust inhalation in a recreational/open space land 
use scenario. 

United States Environmental Protection Agency (May 2018) Regional Screening Levels: 

 Regional Screening Levels RSL - Soil: Residents – for direct contact exposure pathway 
(TR=1x10-06, THQ=1.0) (USEPA 2018). 

HILs are applicable to soil depths of up to 3 metres below ground level. HILs for low density 
residential (HIL-A) and recreational/open space land use scenarios were used for assessment 
at all CSRs at 3TU. 

Where Australian-derived soil investigation levels were not available, alternative Tier 1 criteria 
were adopted from other regulatory jurisdictions and applied for screening purposes for the 
following parameters: 

 BTEX 

 PAHs 

 Phenols 

 VOCs 
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 Dioxins & furans 

 Explosives residues 

Petroleum hydrocarbon compounds  

HSLs developed by CRC CARE for selected petroleum compounds and fractions published in 
NEPM (2013) were adopted (except for direct contact HSLs and intrusive maintenance workers 
HSLs, which were taken from CRC CARE (2011)) to assess human health risks to potentially 
sensitive receptors under low density residential and recreational/open space land-use 
scenarios via the following exposure pathways: 

 Soil HSL-Intrusive Maintenance Worker – for chronic exposure of shallow trench worker 
(trench depth less than 1 m bgl) via direct contact pathways, including dermal contact, 
ingestion and dust inhalation 

 Soil HSL-A (direct contact) Low Density Residential – for direct contact pathways, including 
dermal contact, ingestion and dust inhalation 

 Soil HSL-C (direct contact) Recreational/Open Space – for direct contact pathways, 
including dermal contact, ingestion and dust inhalation 

 Soil HSL-A/B (vapour) Residential, sand soil type – for chronic exposure via vapour 
intrusion pathways 

Per- and poly-fluoroalkyl substances (PFAS)  

HEPA (2018) PFAS National Environment Management Plan (NEMP): 

 Human Health Screening Values for Public Open Space – for human exposure through 
direct contact pathways 

 Human Health Screening Values for Residential Accessible Soil – for human exposure 
through direct contact pathways 

Asbestos 

Asbestos samples collected at 3TU were only tested for presence/absence, not %w/w given the 
infrequent occurrence of ACM. Hence, comparison to guidelines was not applicable. 

8.3.1.3 Ecological criteria – soil 
Heavy metals and inorganic compounds 

NEPM (2013) Schedule B(1) Guideline on Investigation Levels for Soil and Groundwater: 
 Ecological Investigation Level EIL – to assess risks to terrestrial ecosystems in urban 

residential or public open space settings 

EILs are applicable to soil depths of up to 2 metres corresponding to the root-zone and 
habitation zone of many species. EILs are conservative because they have been developed on 
the basis of fast growing species under generic soil conditions, regardless of whether a 
particular species occurs at the property. Regional ABCs in combination with site-specific soil 
parameters can be used to calibrate EIL values to site-specific soil conditions using the 
following calculation:  

 EIL = ACL + ABC  
 where  ABC = Ambient Background Concentration  

 ACL = Added Contaminant Limit  

Defence FOI 536/21/22 
Document 1





 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 117 

Petroleum hydrocarbon compounds 

NEPM (2013) Schedule B (1). Guideline on Investigation Levels for Soil and Groundwater: 

 Ecological Screening Levels ESL Areas of Ecological Significance, Coarse soil type – 
ecological risk screening criteria for the protection of terrestrial ecosystems in areas of 
ecological significance 

 Ecological Screening Levels ESL Urban Residential, Coarse soil type – ecological risk 
screening criteria for the protection of terrestrial ecosystems in urban residential settings 

ESLs are applicable to soil depth of up 2 metres and have been developed for TRH fractions, 
BTEX and BaP compounds. For assessment purposes, the ESLs for areas of ecological 
significance and an urban residential end use (assuming coarse soil type) were applied to all 
CSRs at 3TU. 

PFAS  

HEPA (2018) PFAS NEMP: 

 Ecological Values for Public Open Space (Direct Exposure) – to assess the possibility of 
harm to plants and soil organisms through direct exposure pathways 

 Ecological Values for Residential (Indirect Exposure) – to assess the possibility of harm to 
plants and soil organisms through indirect exposure pathways, including bioaccumulation 
and off-site transport 

8.3.2 Groundwater investigation levels (GILs) 

8.3.2.1 Factors affecting Tier 1 criteria selection for water quality 
Property use 

As described in Section 2.2.2, 3TU is currently vacant and comprises remnant bushland and 
areas that have been cleared for grazing. In addition, certain areas of the property contain 
building rubble, concrete slabs, a former landfill, an asphalt stockpile, and general fly-tipped 
waste across the property.  

For the purpose of groundwater assessment criteria evaluation, it has been conservatively 
assumed that future land-uses may include rural agricultural, residential and public open space. 

Groundwater use 

A number of groundwater abstraction bores are located within the property boundaries. Based 
on information from the WIR database (DWER 2018c) it is understood that the majority are 
owned by private owners or the DoW (now DWER). As described in Section 3.5.4, results of a 
water-use survey conducted as part of GHD’s PFAS investigation works (GHD 2018b) indicate 
that use of groundwater surrounding the property (particularly in West Bullsbrook) is extensive 
and comprises:  

 Drinking water 

 Domestic/household uses 

 Irrigation of paddocks, vegetable gardens and fruit trees 

 Commercial businesses/local growers 

 Drinking water for chickens, pets (including rescue dogs), grazing horses, cattle and sheep.  

In addition, more than 20 groundwater licences are present to the east (down-hydraulic 
gradient) of the property boundary. The potential therefore exists for domestic and commercial-
scale use of groundwater for the above mentioned purposes to occur. 
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Groundwater depth 

As described in Section 3.5.1 and Section 9.2.1, groundwater beneath the property is typically 
shallow and ranges between 0 and 5 m bgl across the property. As a conservative measure, for 
groundwater assessment criteria evaluation, a groundwater depth of 2 to less than 4 m bgl was 
adopted across the whole property (adopted from NEPM 2013). 

Soil type 

 As described in Section 3.3.2 and Section 9.1.1, soil beneath the property comprises 
Bassendean Sands in shallow soils (up to 5 m bgl). For the vapour intrusion screening risk 
assessment presented in this report, the soil type ‘sand’ was therefore adopted for 
comparison against assessment criteria.  

Environmental status of the Ellen Brook – Upper Swan catchment (surface water 
receiving body) 

The primary surface water receiving environment for the property is the Ellen Brook, located 
approximately three kilometres east (down-gradient) of the property. The Brook receives surface 
water run-off from 3TU, the RAAF Base as well as surrounding areas, where a range of 
commercial/industrial activities occur. Furthermore, much of the Ellen Brook catchment has 
been cleared for agriculture, and monitoring conducted has identified nutrient concentrations 
within surface water of the Brook in excess of their nominated target levels (Department of 
Water and Swan River Trust 2011). It is therefore considered appropriate to categorise the Ellen 
Brook as a ‘slightly to moderately disturbed’ system.  

8.3.2.2 Human health criteria – groundwater 
 NHMRC & NRMMC (2017) Australian Drinking Water Guidelines 

– Guideline values for physical and chemical characteristics – Aesthetic  

– Guideline values for physical and chemical characteristics – Health 

 NHMRC (2008) Guidelines for managing risks in recreational waters  

– Non-potable Groundwater Use (NPUG) 

 Department of Health (DoH 2011) Guidelines for the Non-potable Uses of Recycled Water 
in Western Australia 

– Microbiological assessment levels, urban recreational areas, open spaces, parks and 
gardens – for the assessment of municipal use with some restricted access and 
application 

 CRC CARE Technical Report No. 10 (2011) Health Screening Levels for Petroleum 
Hydrocarbons in Soil and Groundwater 

 NEPM (2013) Schedule B(1) - Guideline on Investigation Levels for Soil and Groundwater 

– Groundwater HSL-A/B Residential, sand soil type, groundwater depth 2 - <4 m - for the 
assessment of vapour intrusion risks to potential future residential tenants 

– Groundwater HSL-C Public Open Spaces, sand soil type, groundwater depth 2 - <4 m - 
for the assessment of vapour intrusion risks to potential future public open space users 

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh water, marine water and livestock drinking water 
quality 

 Irrigation – Long term trigger values – for the maximum concentration of contaminant in the 
irrigation water which can be tolerated assuming 100 years of irrigation 
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 Irrigation – Short term trigger values – for the maximum concentration of contaminant in the 
irrigation water which can be tolerated for a shorter period (20 years) of irrigation 

 Stock Watering – livestock drinking water quality – for the assessment of the suitability of 
waters for livestock consumption 

Per- and poly-fluoroalkyl substances (PFAS)  

HEPA (2018) PFAS National Environment Management Plan (NEMP): 

 Health-based guidance values for Drinking water  

 Health-based guidance values for Recreational water 

8.3.2.3 Ecological criteria - groundwater 
ANZECC & ARMCANZ (2000). National water quality management strategy. Australian and 
New Zealand guidelines for fresh and marine water quality.  

NEPM (2013) Schedule B (1). Guideline on Investigation Levels for Soil and Groundwater 

 Groundwater Investigation Levels GILs – Fresh Waters to assess risks to aquatic 
ecosystems in slightly to moderately disturbed systems – 95 % species protection level 

PFAS  

HEPA (2018) PFAS NEMP: 

 Ecological Values for Aquatic ecosystems to assess freshwater 95 % species protection – 
slightly to moderately disturbed systems 

 Ecological Values for Aquatic ecosystems to assess freshwater 99 % species protection – 
slightly disturbed systems as a conservative measure at the property boundary 

8.3.3 Sediment trigger levels 

Sediment assessment criteria have been selected from:  

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh and marine water quality.  

 Simpson and Batley (2016). Sediment Quality Assessment, A Practical Guide, Second 
Edition. CSIRO. Clayton South, Victoria 

The Interim Sediment Quality Guideline (ISQG) presented by ANZECC & ARMCANZ (2000) are 
referenced and revised by  

Simpson and Batley (2016). The guidelines present two guideline concentrations for 
bioavailable contaminants in sediments, the soil quality guideline (SQG)-Low concentration and 
the SQG-High concentration. Below the SQG-Low concentration the frequency of adverse 
effects is expected to be very low. The SQG-High concentration represents a guideline above 
which adverse chronic biological effects to sensitive species may be expected to occur more 
frequently. 

The application of these criteria requires the following procedure: 

 Where bioavailable concentrations are less than SQG-Low, no action is required 

 Where bioavailable concentrations are between the SQG-Low and SQG-High 
concentration, an assessment against background bioavailable metal concentrations 
should be made 
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 Where the bioavailable concentrations are found to exceed the SQG-High, then direct biota 
toxicity testing may be required and where contaminants are found to be toxic remediation 
may need to be conducted 

 As sediment samples were generally collected from dry surface water drainage channels 
they are not considered to be representative of conditions which may support ephemeral 
benthic ecosystems. Therefore, sediment samples were compared against both sediment 
guidelines as well as soil guidelines considered relevant for each CSR (refer to Section 
8.3.1– Soil Investigation Levels). 

PFAS  

HEPA (2018) PFAS NEMP: 

 Ecological Values for Public Open Space (Direct Exposure) – to assess the possibility of 
harm to plants and soil organisms through direct exposure pathways 

 Ecological Values for Residential (Indirect Exposure) – to assess the possibility of harm to 
plants and soil organisms through indirect exposure pathways, including bioaccumulation 
and off-site transport 

8.3.4 Surface water trigger values 

As per the Department of Defence Water Quality Monitoring Manual (DoD 2016), site-specific 
trigger values for surface water assessment should be applied to flowing natural waterways, and 
are not applicable to standing water, water in drainage lines or stormwater runoff. Surface water 
samples collected during this investigation were collected from drainage lines only, and were 
not observed to be flowing due to the dry, post-summer conditions. The development of site-
specific trigger levels was therefore not considered appropriate.  

Considering the Ellen Brook and Ki-it Monger Brook as receptors of surface water draining 
from site, the following Tier 1 assessment criteria were determined for surface water samples:  

 ANZECC & ARMCANZ (2000). National water quality management strategy. Australian 
and New Zealand guidelines for fresh and marine water quality.  

 Groundwater Investigation Levels GILs – Fresh Waters to assess risks to aquatic 
ecosystems in slightly to moderately disturbed systems – 95 % species protection level 

 DER (2014) Assessment and management of contaminated sites: Contaminated sites 
guidelines 

 Non-potable groundwater use (NPUG) – for recreational use of the Ellen Brook and Ki-It 
Monger Brook. 

PFAS  

HEPA (2018) PFAS NEMP: 

 Ecological Values for Aquatic ecosystems to assess freshwater 95 % species protection – 
slightly to moderately disturbed systems 

 Ecological Values for Aquatic ecosystems to assess freshwater 99 % species protection – 
slightly disturbed systems as a conservative measure at the property boundary. 
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9. Field observations 

9.1 Soil 

9.1.1 Property specific lithology 

General lithologies encountered during the soil investigations undertaken at select CSR/PCSRs 
as part of the Stage 2 DSI (Mobilisation 1 and Mobilisation 2) are summarised in Table 40 and 
illustrated on the soil bore logs presented in Appendix I. 
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9.1.2 Visual and olfactory indicators 

Visual and olfactory observations in soil recorded at each CSR/PCSR investigated during 
Mobilisation 1 (2018) and Mobilisation 2 (2019) are summarised in Table 41. 
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9.2 Groundwater 

9.2.1 Groundwater levels and flow direction 

RAAF Base Pearce 

Based on the results of historical investigations, including the PFAS Stage 2 DSI (GHD 2018b), 
GHD has adopted the following terminology to describe the hydrogeology at RAAF Base 
Pearce: 

 ‘Perched aquifer’ refers to seasonal unconfined, discontinuous groundwater held above the 
water table by a layer of impermeable material (e.g. clay), present within localised areas. 

 ‘Regional aquifer’ refers to the superficial aquifer that is present through the property, as 
described in Section 3.5. This aquifer is considered to be the likely source of groundwater 
used by the community in the area surrounding the Base. 

All groundwater monitoring wells were gauged prior to sampling using an oil/water interface 
probe. Groundwater gauging and sampling was undertaken during Mobilisation 1 (between 26 
March and 9 May 2018) and Mobilisation 2 (1 through 14 April 2019). Based on the recorded 
depths and top-of-well casing survey data, groundwater levels were calculated relative to 
m AHD. Groundwater depth and elevations for each monitoring well are presented in Appendix 
J. 

Groundwater monitoring wells on the property target both the perched and regional aquifers. 
Monitoring well construction details (including those installed during previous investigations 
where available) are presented in Appendix K.  

Perched aquifer 

A total of 27 wells were sampled across the property targeting the perched aquifer (approximate 
well depth ranging from 2 to 8 m bgl). Groundwater levels across this aquifer ranged from 0.48 
to 7.56 m bgl (34.83 to 50.837 m AHD) and were very consistent between the first and second 
mobilisation. Interpolated groundwater contours were plotted based on data obtained from well 
gauging and survey data, indicating that groundwater in the perched aquifer is generally 
migrating to the west towards the Ellen Brook. However, as the perched aquifer is known to be 
discontinuous, it is not considered that there is a hydraulic connection to the Ellen Brook. 
Groundwater elevations are presented in Figure 11A and Figure 11B. The perched groundwater 
elevations have not been contoured as the perched groundwater is a discontinuous system.  

Regional aquifer 

A total of 46 wells were sampled across the property targeting the regional aquifer (approximate 
well depth ranging from 12 to 25 m bgl). Groundwater levels across this aquifer ranged from 
1.21 to 16.66 m Below Top of Casing (btoc) (33.40 to 44.87 m AHD during mobilisation 1, and 
32.64 to 40.14 m AHD during mobilisation 2). It should be noted that in some instances 
groundwater was encountered in a confined system (i.e. under pressure) resulting in higher 
water levels following installation of the monitoring well (in particular in the northern portion of 
the property, e.g. groundwater dipped at 1.21 to 2.66 m btoc at 0967_MW142, 0967_MW231 
and 0967_MW241). Interpolated groundwater contours were plotted based on the data obtained 
from well gauging and survey data in the investigation area, and are presented in Figure 10A 
and Figure 10B. Although the current area of investigation does not cover the entire property, 
the contours are generally consistent with those previously published (GHD 2018b – refer to 
Section 3.5.1).  

The groundwater contours indicate that beneath the majority of the property, groundwater is 
generally flowing in a south-westerly direction towards the Ellen Brook. Within the south-eastern 
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portion of the property, the groundwater generally flows in a more south to south-easterly 
direction towards the Ki-It Monger Brook.  

3TU 

Groundwater levels were measured at eight monitoring wells across the property during 
mobilisation 1 and ranged from 2.07 to 3.87 m btoc (50.02 to 52.79 m AHD). During mobilisation 
2, 11 monitoring wells were included in the groundwater monitoring program and elevation 
ranged from 49.98 to 60.86 m AHD. Interpolated groundwater contours plotted from 2018 well 
gauging data indicated a south-easterly groundwater flow direction, with groundwater generally 
migrating towards the Ellen Brook. Interpolated groundwater contours including additional 
monitoring wells from mobilisation 2 are presented in Figure 12 and indicate an easterly flow 
direction. This is generally consistent with regional groundwater mapping (refer to Section 
3.5.1).  

9.2.2 Visual and olfactory observations 

Visual and olfactory observations in groundwater from the most recent sampling event for each 
CSR are summarised in Table 42. Complete results from both mobilisations are included in 
Appendix J. 
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9.2.3 Field water quality parameters 

Field water quality parameters from the most recent monitoring event conducted at each CSR 
and summarised post-purge are presented in Table 43. Groundwater monitoring field records 
are provided in Appendix J.  
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9.3 Surface water 

9.3.1 Visual and olfactory indicators 

RAAF Base Pearce 

Surface water samples were collected over two events in 2018 – post summer (4 samples 
March 2018) and post winter (17 samples September 2018).  

The majority of sample locations in the post summer event were observed to be dry. At 
locations where surface water was present it was noted that the water was generally stagnant 
and not representative of conditions which would support an ephemeral aquatic ecosystem. 

All visual/olfactory observations are provided in Appendix J. No notable visual and olfactory 
indicators of contamination were observed however dead fish were present at location 
0967_SW112 during the post summer event (which may potentially affect nutrient and E.coli 
results). 

3TU  

Surface water samples were collected over two events – post winter (6 samples in September 
2018) and post summer (2 samples in April 2019). 

As per the RAAF Base Pearce post summer sampling, the majority of sample locations in the 
post summer event were observed to be dry. At locations where surface water was present it 
was noted that the water was generally stagnant and not representative of conditions which 
would support an ephemeral aquatic ecosystem. 

All visual/olfactory observations are provided in Table 43. No notable visual and olfactory 
indicators of contamination were observed. 

9.4 Sediment 

9.4.1 Visual and olfactory indicators  

Sediment samples were collected over two events in 2018 – post summer (between 15 March 
and 18 April 2018) and post winter (September 2018), and one event in 2019 – post summer 
(April 2019). 

No visual or olfactory observations of contamination were identified at any of the sediment 
sampling locations at RAAF Base Pearce or 3TU.  
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10.2 Site wide - Sediment and surface water in on-site drainage 

channels 

Data gap - No previous holistic assessment of potential risk of contamination in surface water 
and sediment within the surface water drainage channel networks located on and immediately 
surrounding RAAF Base Pearce. 

10.2.1 Sediment  

Sediment results from surface drains considered to be receptors for individual CSRs are 
presented in the relevant CSR results sections below. As some sediment locations were located 
in areas generally considered up-stream or down-stream of the property as a whole, these 
results are summarised below as part of a site wide assessment. Results summary tables are 
presented in Table L20-1 (Appendix L) and other respective CSR specific tables in the individual 
sections of this report. 

Due to sample collection occurring at the end of summer, sediment samples collected across 
the property were generally collected from dry surface water drains or stagnant pools and not 
representative of conditions which would support an ephemeral benthic ecosystem. The results 
can however indicate presence or absence of CoPCs which have accumulated via surface run-
off in these areas.  

CoPCs comprising BTEX-N, phenols, phthalates, organophosphate pesticides, herbicides and 
fungicides, PCBs, explosives and the majority of organochlorine pesticides were not reported 
above the LOR in any of the sediment samples across RAAF Base Pearce. 

Concentrations of CoPCs in sediment samples at upstream locations (0967_SD120, 
0967_SD108, 0967_SD111) downstream exit points to the Ellen Brook (0967_SD110, 
0967_SD112, 0967_SD128) and downstream exit points to the Ki-It Monger Brook 
(0967_SD140 to 0967_SD145) (Figure 13A) were generally observed to be below ISQG criteria 
with the exception of Zinc at 0967_SD140 exceeding ISQG high criteria. Sediment sample 
0967_SD140 also reported minor concentrations of TRH. 

Within the property, elevated metals and minor TRH and PAH concentrations were generally 
reported immediately downstream of the former small arms range, fire fighting training/fuel 
storage area, Former Fuel Farm, the former Sounness Road Landfill and the Grounds 
Maintenance Area. Further discussion is provided in respective sediment sample subsections. 

Key Outcomes 

Whilst the results of sediment sampling undertaken across the property indicates localised 
impacts to drainage features, impacts are delineated in a downstream direction with no 
indications of chronic risk to the aquatic ecosystems of the Ki-It Monger Brook and the Ellen 
Brook. An upstream source of elevated copper and zinc may also be present. 

10.2.2 Surface water 

Surface water samples were collected over two events in 2018 – post summer (5 samples May 
2018) and post winter (18 samples September 2018). Results are summarised in Table L20-2, 
Appendix L. 

The majority of sample locations in the post summer events were observed to be dry. At 
locations where surface water was present it was noted that the water was generally stagnant 
and not representative of conditions which would support an ephemeral aquatic ecosystem. 
Therefore it is considered nutrients, biological and physicochemical parameter results are 
unlikely to provide valuable insight into the quality of surface water entering and exiting the 
property as these parameters are highly influenced by depleted oxygen in stagnant water.  
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CoPCs in general (VOC, BTEX, Chlorinated Hydrocarbon (CHC), OP pesticides) were not 
detected above LOR in the surface water samples collected.  

In general, detections of hydrocarbons (PAH at the Paint Shop and TRH at the former Fuel 
Farm and runways, aprons and Taxiways), OCPs (dieldrin at Small Arms Range) and elevated 
ammonia (Sewage Treatment Plant) in surface water on the property were not reported in any 
adjacent downstream locations or the receiving bodies of the Ki-It Monger Brook and the Ellen 
Brook. 

Post summer and post winter, trace concentrations of metals (chromium, copper and zinc) are 
noted to resemble regional groundwater concentrations (i.e. slightly elevated above the 
freshwater GILs) however this is not reflected at the discharge point 0967_SW112 to the Ellen 
Brook where concentrations of chromium, copper and zinc were not detected post summer. 
Post winter metals concentrations at the Ellen Brook indicate a potential upstream source of 
copper and zinc given the concentrations in the upstream sample (0967_SW146) are in the 
same order of magnitude as the onsite and downstream concentrations. Upstream 
concentrations of copper and zinc in the Ki-It Monger Brook (0967_SW153) are also elevated 
above freshwater GILs and not elevated further downstream (0967_SW152 & 0967_SW157), 
again suggesting an upstream source of elevated copper and zinc. 
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10.3 CSR_WA_000024 – Fuel Storage NE Building 72 – Group of 

USTs and ASTs 

10.3.1 Summary of data gaps 

In addition to this CSR warranting contamination investigation, due to identified data gaps 
associated with soil, groundwater and vapour impact uncertainty following a reported leak from 
a former UST, GHD also completed an inspection and validation sampling following the removal 
of four diesel USTs at Building 72 by Defence contractor, Duratech Australia in March 2018. 

Preliminary results have been reported in a separate letter report dated 29 March 2018 (GHD 
2018d). Although soil analytical results reported TRH, BTEX-N and PAHs below LOR from 
samples collected from the base of the excavation, PID readings indicated the presence of 
volatile compounds up to 15 ppm, and visual observations indicated the presence of 
staining/residual hydrocarbon impacts in tank pit soils at approximately 3.2 m depth. 

Due to the proximity of the tank pit to existing buildings, following a workshop session with 
Defence and Duratech, further excavation was deemed impractical/unsafe without significant 
structural assessment and management. An agreement was reached to assess the residual risk 
via groundwater and (if required) vapour assessment. Excavations were subsequently backfilled 
after treating the pit with a TRH biogradation agent. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 14A. 

CoPC: Metals, TRH, BTEX-N, PAHs. 

10.3.2 Groundwater laboratory results 

Groundwater analytical results for the Fuel Storage NE of Building 72 were compared against 
the relevant assessment criteria in Table L1-1 Appendix L. Results confirm that the following 
CoPC in groundwater were all below LOR: 

 PAHs 

 BTEX-N 

 TRH (excluding F3 (>C16-C34 fraction), >C10-C40 (sum of total)) 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (arsenic, cadmium, chromium, lead, mercury, nickel) were variably detected at 
multiple locations. 

 TRH (F3 (>C16-C34 fraction), >C10-C40 (sum of total). 

Groundwater sampling locations with concentrations exceeding the adopted GILs are 
summarised in Table 45. A graphical representation of the groundwater analytical results is 
presented in Figure 14B. 
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Groundwater 

 Based on the interpolated groundwater flow direction (to the south-southwest), groundwater 
beneath the Fuel Storage NE of Building 72 is likely to discharge to the Ki-It Monger Brook 
in the south. Groundwater at the property is not used for any purpose. Surrounding 
properties use the water for drinking, domestic/household uses including irrigation and 
showering. 

 Metals concentrations (copper and zinc) were reported above fresh water guidelines and 
also exceed background groundwater quality ranges (Table 45).  

 Groundwater beneath the site does not indicate significant impact from historic and/or 
current fuel storage activities. 

10.3.4 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.3.5 Key outcomes 

 Potential residual soil impact in the tank pit at 3.0 m bgl as visually observed during soil 
validation activities has not been confirmed by laboratory analysis which indicated results 
below LOR.  

 Although residual soil impact is likely to be present, the sealing of the ground surface with 
hardstand following tank removal, and the presence of a confining clay layer appears to be 
preventing migration of the soil impact to groundwater. Groundwater at the CSR indicates 
no significant impact from historic and/or current fuel storage activities however copper and 
nickel exceed background levels. 

 The lack of hydrocarbon (including BTEX-N) impacts to groundwater, and laboratory results 
for soils do not indicate the presence of a soil vapour risk to users of nearby buildings. 

 Concentrations of elevated copper and zinc in groundwater are unlikely to impact property 
users under the current land-use scenario nor are they likely to migrate to the sensitive 
ecosystem of the Ki-It Monger or the Ellen Brook given the distance (1.4 km). 

 The Fuel Storage NE of Building 72 area is suitable for ongoing use from a contamination 
risk perspective with no ongoing requirements for management.  

 Groundwater monitoring at the Fuel Storage NE of building 72 area should be incorporated 
into future monitoring programs. 
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10.4 CSR_WA_000083 – Dog Compound – Buried Waste 

10.4.1 Summary of data gaps 

Although this area was investigated during mobilisation 1, subsequent information received from 
Defence indicated that the waste burial area extended further south than the original (2018) 
CSR boundary and was not adequately assessed in the first mobilisation (March 2018). 
Previous testing further to the south (GHD 2005b) did not include PAHs and OCPs. Soil impact 
uncertainty remains. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 15A. 

CoPC: Metals, BTEX, TRH, PAHs, OCPs, asbestos. 

10.4.2 Soil laboratory results 

Soil samples were collected at 14 soil bore locations during the first DSI mobilisation and, three 
additional locations during the second DSI mobilisation. Soil analytical results for the Dog 
Compound area were compared against the relevant assessment criteria in Table L2-1 of 
Appendix L. Results confirm that the following CoPC in soils were all below LOR within the 
CSR: 

 Metals (arsenic, cadmium, mercury) 

 BTEX 

 TRH (F1 (C6-C10 minus BTEX), C6-C10 fraction, F4 (>C34-C40 fraction)) 

 PAHs (acenaphthene, acenaphthylene, anthracene, dibenz(a,h)anthracene, naphthalene, 
fluorene, PAHs (sum of total)) 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (chromium, copper, iron, lead, nickel, zinc) were variably detected at all locations. 

 TRH (F2 (>C10-C16 minus naphthalene), F3 (>C16-C34 fraction), >C10-C40) were variably 
detected at two locations 

 OCPs (4, 4’-DDE, aldrin + dieldrin, DDT+DDE+DDD) 

 PAHs (sum of polycyclic aromatic hydrocarbons, benz(a)anthracene, 
benzo[b+j]fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, 
fluoranthene, indeno(1,2,3-c,d)pyrene, phenanthrene, pyrene, total 8 PAHs (as BaP 
TEQ)(zero LOR), total 8 PAHs (as BaP TEQ)(half LOR), total 8 PAHs (as BaP TEQ)(full 
LOR)) 

Table 47 provides a summary of the soil analytical results which exceeded the adopted SILs.  
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 Sediment CoPC concentrations from one sample in the adjacent drain, further down-
stream of the Dog Compound (0967_SD107), were all reported below LOR or relevant the 
ISQG levels. 

 Zinc concentrations at this location marginally exceeded the EIL as zinc also does in the 
majority of surface water drain locations across the site. Zinc was not reported above the 
EIL in soils within the Dog Compound suggesting its derivation is not attributed to the 
historic and/or current waste disposal activities at the site but has accumulated in this area 
over time from upgradient sources. 

Surface water 

 The surface water sample collect downstream from the Dog Compound - Buried Waste 
area did not report any of the associated CoPC above LOR (excluding metals). 

 Elevated copper and zinc concentrations in surface water downstream from the Dog 
Compound - Buried Waste area did not exceed upstream background the Ki-It Monger 
Brook concentrations. Copper and zinc impacts were not reported in the proximal 
downstream sample location in the Ki-It Monger Brook (0967_SW152), indicating onsite 
impacts to surface water are not being transported off site or are sufficiently diluted at the 
receiving surface water body. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Dog 
Compound is likely to discharge to the Ki-It Monger Brook in the south east. Groundwater 
at the property is not used for any purpose. Surrounding properties use the water for 
drinking, domestic/household uses, irrigation, stock feed. 

 Metals concentrations (copper, nickel, zinc) were reported above fresh water ILs and in 
new well 0967_MW149 also marginally above background groundwater quality ranges 
(Table 44 nickel and copper). The Ki-It Monger Brook is 100 m south of 0967_MW149 
though did not report any elevated metals in surface water sample 0967_SW152 indicating 
onsite impacts to groundwater are not migrating offsite or are sufficiently diluted at the 
receiving surface water body. 

10.4.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.4.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 The presence of elevated BaP and dieldrin in surface soils in the north-western portion of 
the Dog Compound is consistent with the unauthorised dumping of waste such as bitumen 
or concrete building footings in this area. The soil impacts are considered to be minimal 
and isolated to the fenced Dog Compound area and do not present a significant exposure 
risk to the users of the fenced compound or downstream receptors. 

 CoPC in the southern portion of the compound were all below LOR or relevant ILs 
indicating the waste disposal/burial area has been delineated to the south. 
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 Although sediment samples directly adjacent to the Dog Compound could not be collected, 
the sediment sample in the drain down-stream of the Dog Compound reported no impact 
from historic and/or current waste disposal activities. 

 Surface water samples immediately downstream of the Dog Compound-Buried Waste area 
reported CoPC concentrations consistent with upstream Ki-It Monger Brook samples which 
reported elevated copper and zinc. Copper and zinc concentrations were not elevated in 
downstream Ki-It Monger Brook samples, indicating onsite impacts to surface water are not 
being transported off site or are sufficiently diluted at the receiving surface water body. 

 Groundwater beneath the Dog Compound is potentially impacted from historic activities 
surrounding the former fill or gravel stockpiles reporting elevated copper and nickel 
however impacts are not observed at the receiving surface water body 100 m to the south. 
The lack of reported impact in the Ki-It Monger Brook indicates impacts to groundwater are 
not migrating offsite or are sufficiently diluted at the receiving surface water body. 

 The Dog Compound is suitable for ongoing use from a contamination risk perspective with 
no ongoing requirements for management or monitoring and as such should be archived 
from the CSR database.  
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10.5 CSR_WA_000084 – Sounness Road Landfill 

10.5.1 Summary of data gaps 

This landfill was closed in 2001. 

A review of the previous Stage 2 investigation (Earthtech 2007) identified that the waste 
extended to a depth of 2.0 m bgl beneath a sand fill cap layer (approximately. 0.5 m depth) with 
limited pockets of waste extending to 3.3 m bgl. The analytical results identified heavy metal 
contamination above EILs, one lead concentration above HILs, TPH (minor) at one location and 
SVOCs in two soil samples. The analytical results for groundwater identified minor exceedances 
of Freshwater guidelines for Cadmium, Copper, Nickel and Zinc, as well as TPH in three 
samples. However, it was reported that the landfill does not adversely affect subsurface soils or 
groundwater. 

No monitoring reports have been made available post-2005. 

The PFASIMB assessed PFAS at the landfill separately. 

Further groundwater monitoring is considered necessary to assess the current status of 
potential risk arising from historical landfill operations. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 16A. 

CoPC: Asbestos, VOCs, SVOCs, OCPs, metals, TRH. 

10.5.2 Sediment laboratory results  

Two sediment sampling locations are located in drainage channels in close proximity to the 
Sounness Rd landfill which are considered to be servicing the area. These sample locations 
include 0967_SD110 and 0967_SD111. Sediment analytical results from these locations are 
compared against the relevant assessment criteria in Table L3-1 (Appendix L). As sediment 
samples were generally collected from dry surface water drains or stagnant pools they are not 
considered to be representative of conditions which may support ephemeral benthic 
ecosystems. Therefore, sediment samples were compared against both sediment (ISQG) 
guidelines as well as soil guidelines considered relevant for this CSR. 

Results confirm that the following CoPC in sediments were all below LOR: 

 Metals (cadmium, mercury) 

 BTEX-N 

 PAHs 

 VOCs 

 SVOCs 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines at a few locations: 

 Metals (arsenic, chromium, copper, lead, nickel) 

 TRH (F2 (>C10-C16 minus Naphthalene), F3 (>C16 – C34 Fraction) F4(>C34-C40 Fraction)) 

 OC pesticides (Aldrin + dieldrin) 

Table 51 provides a summary of the sediment analytical results which exceeded the adopted 
sediment and soil investigation levels.  
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10.5.4 Surface water laboratory results 

0967_SW110 and 0967_SW111 did not have sufficient surface water for sampling. 

10.5.5 Discussion  

The interpretation of the results with reference to the investigation objectives and identified data 
gaps is discussed below: 

Soil 

 Soil sampling did not form part of the scope of work for the Sounness Road Landfill as this 
aspect of investigation was considered adequately characterised. 

Sediment 

 The majority of sediment CoPC concentrations from two samples in the up-gradient and 
down-gradient drain were all reported below LOR or ISQG levels indicating no 
contamination risk to property users and ecological receptors from the sediment under the 
current land-use scenario. 

 Zinc and TRH concentrations were observed to exceed ecological ILs at both locations. 
Given the industrial landuse setting and the location of 0967_SD110 adjacent to the Great 
Northern Highway, it is reasonable to assume the impacts reflect a diffuse source of 
contamination related to urbanisation and not the landfill itself. 

Surface water 

 No surface water sampling locations had sufficient surface water for sampling in the 
drainage channels located in close proximity to the Sounness Road Landfill. 

Groundwater 

 Based on the interpolated groundwater flow direction from groundwater elevation data 
collected by GHD in April 2018, groundwater flow beneath the former Sounness Road 
Landfill is westerly and likely to discharge to the Ellen Brook in the west. Groundwater at 
the property is not used for any purpose, although is abstracted from the confined 
Leederville Formation immediately to the north for irrigation.  There is no indication of 
groundwater flow in the superficial aquifer being influenced by this abstraction regime. 
Surrounding properties use the water for drinking, domestic/household uses including 
irrigation and showering. 

 Concentrations of metals copper, nickel and zinc exceed freshwater ILs but are within 
background concentrations, reflecting the urbanised land-use setting. 

 Volatile organic chemical 1,2-dichlorobenzene (0.006 mg/L) was reported above the non-
potable groundwater use criteria (NPUG 0.001 mg/L) in 0967_MW202 located directly 
beneath the landfill. 1,2-dichlorobenzene can be found in landfill leachate as it is a widely 
used solvent however no other potential indicators of landfill impacts such as elevated TDS 
or high potassium to chloride ratios were observed.  

 Given the lack of contamination impact indications associated with the landfill, it is 
considered unlikely that the landfill is a significant source of 1,2-dichlorobenzene that would 
warrant any further investigation into potential Dense Non-aqueous Phase Liquids 
(DNAPL). 

 Groundwater beneath the site does not indicate any significant impact from historic land 
filling activities and is considered to be adequately characterised. 
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10.5.6 Refined conceptual site model 

Given CoPCs have not been identified at elevated concentrations in sediment downstream and 
groundwater beneath the landfill, it is considered there is no active pathway from the source and 
therefore no complete source, pathway, receptor linkages. 

10.5.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 The sediment sample in the drain down-stream of the Sounness Road Landfill indicated no 
reported impact from historic land-filling activities (as compared with sediment results up-
stream). 

 Groundwater beneath the landfill indicates no significant impact from historic landfilling 
activities. 

 There are no residual data gaps regarding the current contamination risk (low) associated 
with the landfill. 

 Given the ongoing presence of the landfill (closed in 2001) as a potential contamination 
source, groundwater monitoring at the Sounness Landfill should continue and be 
incorporated into future monitoring programs.  However, as the results suggest little or no 
impact from the landfill, the monitoring frequency may be reduced from annually to two to 
five yearly. 

10.6 CSR_WA_000087 – Fuel Storage ILS 18 Glidepath (AST_032) 

10.6.1 Summary of data gaps 

Given the potential for contamination associated with AST leakage (diesel AST bunding is 
considered inadequate) and the sensitivity of the nearby surface water receptor, further 
investigation was considered necessary to assess the potential risk associated with fuel storage 
infrastructure. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 17A. 

CoPC: Metals, TRH, PAHs. 

10.6.2 Soil laboratory results 

Soil samples were collected at three soil bore locations. Soil analytical results for the Fuel 
Storage Glidepath area were compared against the relevant assessment criteria in Table L4-1 
(Appendix L). Results confirm that the following CoPC in soils were all below LOR within the 
CSR: 

 Metals (arsenic, cadmium, mercury, zinc) 

 TRH 

 PAHs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (chromium, copper, lead, nickel) 

 No soil analytical results exceeded the adopted SILs.  
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10.6.3 Sediment laboratory results  

One sediment sampling location (0967_SD127) is located in a drainage channel in close 
proximity to the Fuel Storage ILS 18 Glidepath area which is considered to be servicing the 
area. Sediment analytical results from this location are compared against the relevant 
assessment criteria in Table L4-2 (Appendix L). As sediment samples were generally collected 
from dry surface water drains or stagnant pools they are not considered to be representative of 
conditions which may support ephemeral benthic ecosystems. Therefore, sediment samples 
were compared against both sediment (ISQG) guidelines as well as soil guidelines considered 
relevant for this CSR. 

Results confirm that the following CoPC in soils were all below LOR: 

 Metals (arsenic, cadmium, copper, mercury, nickel) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (chromium, lead, zinc) 

No sediment analytical results exceeded the adopted sediment and soil investigation guidelines.  

10.6.4 Surface water laboratory results 

0967_SW127 did not have sufficient surface water for sampling however it is considered 
surface water sampling across the airbase in general is sufficient to illustrate surface water 
quality flowing off site as discussed in Section 10.2.1. 

CoPC associated with the Fuel Storage ILS 18 Glidepath were reported below LOR 
downstream in the Ellen Brook sample 0967_SW149 (Table L20-2, Appendix L). Copper and 
zinc were elevated above fresh waters ILs in the Ellen Brook samples, however this was also 
reported in the upstream the Ellen Brook sample 0967_SW146 making it unlikely that the 
impacts are attributed to the CSR. 

10.6.5 Discussion  

All soil and sediment CoPCs were reported below the LOR or below adopted ILs indicating no 
impact from the AST at the ILS 18 glidepath and no risk of impact to property users or the down-
stream ecosystem of the Ellen Brook under the current land-use scenario. 

10.6.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.6.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soil, sediment and surface water testing has indicated no impact from the AST at the ILS 
18 glidepath.  
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 There is no contamination risk to property users or the down-stream ecosystem of the Ellen 
Brook under the current land-use scenario. 

 There are no residual data gaps regarding the current contamination risk (low) and no 
further investigations are required at the Fuel Storage ILS 18 Glidepath CSR and as such 
should be archived from the CSR database. 

 To ensure contamination risk remains low, the bunding of the AST should be upgraded to 
meet current standards, following which the CSR can be archived. 
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10.7 CSR_WA_000088 – Fuel Storage ILS 18 Localiser (AST_033) 

10.7.1 Summary of data gaps 

Given the potential contamination associated with AST leakage (diesel AST bunding is 
considered inadequate) and the high sensitivity of the nearby surface water receptor, further 
investigation was considered necessary to assess the current status of potential risk associated 
with fuel storage infrastructure. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 18A. 

CoPC: Metals, TRH, PAHs. 

10.7.2 Soil laboratory results 

Soil samples were collected at 3 soil bore locations. Soil analytical results for the Fuel Storage 
Area are compared against the relevant assessment criteria in Table L5-1 (Appendix L). Results 
confirm that the following CoPC in soils were all below LOR within the CSR: 

 Metals (arsenic, cadmium, mercury) 

 TRH 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (chromium, copper, lead, nickel, zinc) 

 PAHs (total 8 PAHs (as BaP TEQ)(half LOR) and total 8 PAHs (as BaP TEQ)(full LOR) 

 No soil analytical results exceeded the adopted SILs.  

10.7.3 Sediment laboratory results  

One sediment sampling location (0967_SD128) is located in a drainage channel in close 
proximity to the Fuel Storage ILS 18 area which is considered to be servicing the area. 
Sediment analytical results from this location are compared against the relevant assessment 
criteria in Table L20-1 (Appendix L). As sediment samples were generally collected from dry 
surface water drains or stagnant pools they are not considered to be representative of 
conditions which may support ephemeral benthic ecosystems. Therefore, sediment samples 
were compared against both sediment (ISQG) guidelines as well as soil guidelines considered 
relevant for this CSR. 

Results confirm that the following CoPC in soils were all below LOR: 

 Metals (arsenic, cadmium, copper, lead, mercury, nickel) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (chromium, zinc) 

No sediment analytical results exceeded the adopted sediment and soil guidelines. However, it 
is relevant to note that the laboratory LOR for the detection of multiple analytes exceeded 
relevant guidelines, triggering a potential exceedance. Therefore, although concentrations were 
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reported below the LOR, it is not possible at this time to confirm that the concentration of the 
analyte in sediments is less than the relevant adopted assessment criteria. 

10.7.4 Surface water laboratory results 

0967_SW128 did not have sufficient surface water for sampling. 

CoPC associated with the Fuel Storage ILS 18 Localiser were reported below LOR downstream 
in the Ellen Brook sample 0967_SW156 (Table L20-2, Appendix L). Copper and zinc were 
elevated above fresh waters ILs in the Ellen Brook however this was also reported in the 
upstream the Ellen Brook sample 0967_SW146 making it unlikely that the impacts are attributed 
to the CSR. 

10.7.5 Discussion  

All soil and sediment CoPCs were reported below the LOR or below adopted ILs indicating no 
impact from the AST at the ILS 18 CSR_WA_000088 and no risk of impact to property users or 
the down-stream ecosystem of the Ellen Brook under the current land-use scenario. 

10.7.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.7.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soil, sediment and surface water testing has indicated no impact from the AST at the ILS 
18 CSR CSR_WA_000088.  

 There is no risk of impact to property users or the down-stream ecosystem of the Ellen 
Brook under the current land-use scenario. 

 There are no residual data gaps regarding the current contamination risk (low) and no 
further investigations are required at the Fuel Storage ILS 18 Localiser CSR and as such 
should be archived from the CSR database. 

 To ensure contamination risk remains low, the bunding of the AST should be upgraded to 
meet current standards. 
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10.8 CSR_WA_000104 – Former Hazardous Waste Store 

10.8.1 Summary of data gaps 

A review of historical aerials indicates that based on the location of the building (constructed 
between 1953 and 1965, demolished between and 1995 and 2000), the CSR area should 
extend further north of the existing CSR boundary.   

Although demolished and potentially containing asbestos, no reports or visual observations to 
date suggest any residual building material be present to the extent to warrant any further 
investigation into asbestos contamination. 

As such, previous soil sampling undertaken in 2007 (Earthtech) is not considered to have 
adequately defined the former building area/footprint and all potential CoPCs. Further 
investigation was considered necessary to adequately assess the defined CSR area and all 
potential CoPCs. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 19A. 

CoPC: Metals, TRH, VOCs, SVOCs, PCBs, explosive residues. 

10.8.2 Soil laboratory results 

Soil samples were collected at four soil bore locations. Soil analytical results for the hazardous 
waste store are compared against the relevant assessment criteria in Table L6-1 (Appendix L). 
Results confirm that the following CoPC in soils were all below LOR within the CSR: 

 Metals (cadmium, mercury) 

 VOCs 

 PCBs 

 Explosives 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (arsenic, chromium, copper, lead, nickel, zinc) 

 TRH 

 PAH 

 SVOCs 

No soil analytical results exceeded the SILs.  

10.8.3 Sediment laboratory results  

Two sediment sampling locations (0967_SD114, 0967_SD137) are located in a drainage 
channel in close proximity to the Former Hazardous Waste Store which is considered to be 
servicing the area (as well as being directly down gradient from the sewage treatment plant). 
Sediment analytical results from these locations are compared against the relevant assessment 
criteria in Table L6-2 (Appendix L). As sediment samples were generally collected from dry 
surface water drains or stagnant pools they are not considered to be representative of 
conditions which may support ephemeral benthic ecosystems. Therefore, sediment samples 
were compared against both sediment (ISQG) guidelines as well as soil guidelines considered 
relevant for this CSR. 
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 Metals concentrations (copper, zinc) were reported above fresh water criteria however 
within background groundwater quality ranges (Table 44). All other CoPC were not 
detected above the LOR. 

 Groundwater beneath the site does indicates no impact from historic waste storage 
activities. 

10.8.7 Refined conceptual site model 

Given CoPCs have not been identified in soil, sediment, surface water and groundwater, it is 
considered there is no source of contamination from the CSR and therefore no complete 
source, pathway, receptor linkages.  

10.8.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 The extent of soil sampling from the current and previous Stage 2 DSI (Earthtech 2007) is 
considered adequate to define the CSR area. 

 Soil CoPC concentrations were all reported below the human health and ecological 
guidelines indicating no contamination risk to property users and ecological receptors 
under the current land-use scenario. 

 The sediment sample in the drain down-stream of the Former Hazardous Waste Storage 
indicated no observable impact from historic waste storage activities. 

 Surface water and groundwater beneath the Former Hazardous Waste Store indicates no 
impact from historic and/or current waste disposal activities. 

 The hazardous waste store area is suitable for ongoing use from a contamination risk 
perspective with no ongoing requirements for management or monitoring and as such 
should be archived from the CSR database.  
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10.9 CSR_WA_000106 – Sewage Treatment Plant and Effluent 

Discharge 

10.9.1 Summary of data gaps 

Potential contamination associated with the Sewage Treatment Plant ponds and infrastructure, 
and Sewage Treatment Plant effluent discharge. Ponds included two aerobic and two anaerobic 
ponds. Requirement for assessment of the current status of potential risk arising from sewage 
treatment and disposal. 

Although limited wells are subject to regular groundwater monitoring as part of regional 
monitoring program, results have not been assessed holistically to ascertain if operations are 
posing an ongoing risk to receptors.  

Sewage Treatment Plant ponds were refurbished in 2018/2019 with ponds 1 and 2 being lined 
as part of remediation works.  There are four functioning ponds present. 

Following the first mobilisation, dry or missing wells were recommended to be replaced and 
monitored to confirm the E.coli presence, establish the E.coli plume extent and stability and 
potential for migration to the Ellen Brook. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 20A. 

CoPC: Metals, nutrients, pathogens. 

10.9.2 Sediment laboratory results  

Nine sediment sampling locations were collected from drainage channels in close proximity to 
the Sewage Treatment Plant which are considered to be servicing the area. These sample 
locations include 0967_SD112 – 0967_SD120. Sediment analytical results from these locations 
are compared against the relevant assessment criteria in Table L7-1 (Appendix L). As sediment 
samples were generally collected from dry surface water drains or stagnant pools they are not 
considered to be representative of conditions which may support ephemeral benthic 
ecosystems. Therefore, sediment samples were compared against both sediment (ISQG) 
guidelines as well as soil guidelines considered relevant for this CSR. 

Results confirm that the following CoPC in sediments were all below LOR: 

 Metals (cadmium, mercury, nickel) 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Nutrients (nitrate, nitrite, total nitrogen, TKN, phosphorus (total)) 

 Metals (arsenic, chromium, copper, lead, zinc) 

 Biological (E.coli) 

No sediment analytical results exceeded the adopted sediment and soil guidelines. 

10.9.3 Groundwater laboratory results 

Groundwater analytical results for the Sewage Treatment Plant and Discharge area were 
compared against the relevant assessment criteria in Table L7-2 (Appendix L). Results confirm 
that the following CoPC in groundwater were all below LOR within the CSR: 

 Metals (arsenic, cadmium, mercury) 

 Nutrients (nitrite (as N)) 
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follow-up sample collected at the same location post winter (September 2018) reported 
ammonia well below the adopted ILs. 

 E.coli concentrations in surface water were present up and down stream of the STP 
exceeding both ADWG and NPUG investigation levels. The E.coli concentrations were 
notably elevated in post summer surface water samples collected from stagnant pools not 
considered to be representative of conditions during high-flow surface water flow events.  

 The concentrations of E.coli in surface water drains on the property are generally lower 
than that observed at the receptor, the Ellen Brook. E.coli concentrations in the Ellen Brook 
were elevated above NPUG and ADWG ILs upstream (0967_SW146) and down stream of 
the property indicating the property may not be the sole source of elevated E.coli in the 
Ellen Brook. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Sewage 
Treatment Plant is likely to discharge to the Ellen Brook in the south west. Groundwater at 
the property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses including irrigation and showering. 

 Metals copper and zinc exceeded the freshwater ILs and copper marginally exceeded 
background concentrations in wells directly adjacent and down gradient of the wastewater 
treatment ponds (0967_MW166 and 0937_MW021). The copper concentration may 
potentially pose an increased risk to ecological receptors given the proximity to the Ellen 
Brook (600 m). 

 E.coli was reported exceeding ADWG and NPUG ILs in groundwater at 0967_MW166 
directly adjacent and down gradient of Pond 4 at greater than 1000 cfu/100 mL and at 
0967_MW222 at 140 cfu/100 mL in 2018 however were significantly reduced and not 
reported exceeding ILs in 2019 (1 CFU/100 mL). This may indicate the source of E.coli is 
not ongoing given that ponds 1 and 2 were lined during refurbishment works in 2018/2019. 

 E.coli approximately 80 m down gradient of the STP at 0967_MW223 however reported 
significant concentrations (29000 CFU/100 mL) exceeding background levels and the DoH 
criteria for municipal use with some restricted access and application and drinking water 
criteria. The lack of E.coli in up-gradient wells and historically at the site (not detected prior 
to 2015) suggests compromise of the pond liners at ponds 3 or 4 occurred since the last 
regional monitoring event in November 2016 (Argon 2017). The extent of the E.coli impact 
in groundwater is not delineated given no further wells are present down gradient of 
0967_MW223. 

10.9.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.9.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 The Sewage Treatment Plant area is suitable for ongoing use from a contamination risk 
perspective however the current groundwater monitoring network is considered insufficient 
to characterise the downgradient impact to groundwater from the Sewage Treatment Plant.  
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 Groundwater monitoring at the Sewage Treatment Plant area should continue and include 
analysis of nutrients, E.coli and metals. 

 Further groundwater investigation including installation of further monitoring wells should 
be carried out to establish the E.coli and copper extent and potential for migration to the 
Ellen Brook. 

 Surface water samples in the Ellen Brook down gradient of 0967_MW223 should be 
sampled and tested for E.coli and metals to confirm concentration at the receptor. 
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10.10 CSR_WA_000107 – Former Fire Training Area (1960s) 

10.10.1 Summary of data gaps 

Review of conventional CoPC data collected during PFAS Stage 2 DSI (GHD 2018b) indicated 
no significant hydrocarbons detected in soils or groundwater. 

During the site visit, a sewage pit was observed at northern extent of the area (outside existing 
CSR boundary). Anecdotal information reported the sewage pit as having a history of 
overflowing. 

Further investigation was therefore considered necessary to assess the potential risk to 
identified receptors arising from sewage effluent release.  

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 21A. 

CoPC: Metals, PAHs, OCPs, nutrients, pathogens. 

10.10.2 Soil laboratory results 

Soil samples were collected at four soil bore locations and one groundwater monitoring well 
location. Soil analytical results for the Former Fire Training Area were compared against the 
relevant assessment criteria in Table L8-1 (Appendix L). Results confirm that the following 
CoPC in soils were all below LOR within the CSR: 

 Nutrients (ammonia as N) 

 Metals (cadmium, mercury) 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Nutrients (nitrate (as N), nitrite (as N), nitrogen (total oxidised) (as N), nitrogen (total), 
kjeldahl nitrogen total), phosphorus 

 Metals (arsenic, chromium, copper, lead, nickel, zinc) 

 Pathogens 

No soil results exceeded the adopted SILs. 

10.10.3 Sediment laboratory results  

Four sediment sampling locations were located in drainage channels in close proximity to the 
Former Fire Training Area which are considered to be servicing the area. These sample 
locations include 0967_SD122, 0967_SD123, 0967_SD124 and 0967_SD139. Sediment 
analytical results from these locations were compared against the relevant assessment criteria 
in Table L8-2 (Appendix L). As sediment samples were generally collected from dry surface 
water drains or stagnant pools they are not considered to be representative of conditions which 
may support ephemeral benthic ecosystems. Therefore, sediment samples were compared 
against both sediment (ISQG) guidelines as well as soil guidelines considered relevant for this 
CSR. 

Results confirm that the following CoPC in sediments were all below LOR: 

 Metals (arsenic, cadmium, mercury) 

 BTEX-N (analysed at 0967_SD139 only) 

 TRH (analysed at 0967_SD139 only) 

 PAHs 
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Sediment 

 CoPC concentrations in sediment samples did not exceed LOR, ILs or background levels 
indicating no impact to the sediment surface water drain from fire fighting activities or septic 
waste disposal with regards to conventional contamination. 

Surface water 

 No surface water sampling locations had sufficient surface water for sampling in the 
drainage channels located in close proximity to the former Fire Training Area however it is 
considered surface water sampling across the airbase in general is sufficient to assess 
surface water quality flowing off site as discussed in Section 10.2.1. CoPC concentrations 
in downstream locations did not exceed LOR and or ILs indicating impacts from the Fire 
Training Area were not detected. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Former 
Fire Training Area is likely to discharge to the Ki-It Monger Brook in the south. 
Groundwater at the property is not used for any purpose. Surrounding properties use the 
water for drinking, domestic/household uses including irrigation and showering. 

 The majority of CoPC concentrations were reported below the LOR or relevant ILs with the 
exception of metals (chromium, copper, nickel and zinc) which exceeded background 
concentrations (copper and nickel), freshwater ILs and drinking water ILs (nickel). 

 There is no risk to property users from impacts to groundwater beneath the CSR under the 
current land-use scenario however the elevated metals concentrations in groundwater 
present an increased risk to the ecology of the Ki-It Monger Brook which runs 
approximately 200 m downgradient from the CSR.  

10.10.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.10.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soil, surface water and sediment testing indicates that there is no risk of impact to property 
users from soil, surface water or sediment under the current land-use scenario. 

 Groundwater monitoring indicates metal impacted groundwater which exceeds freshwater 
ILs and background concentrations have the potential to migrate to the Ki-It Monger Brook 
and present an increased risk to this ecosystem. 

 The Former Fire Training area is suitable for ongoing use from a contamination risk 
perspective. 

 Groundwater monitoring at the Former Fire Training area should be incorporated into future 
monitoring programs. 
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10.11 CSR_WA_000109 – Near Building 239 – Former Group USTs 

10.11.1 Summary of data gaps 

It is understood potential contamination remains in situ beneath former fuel bowsers. Further 
investigation was considered necessary to assess the current status of potential risk arising 
from underground fuel storage and delineate potential remaining impact within soil and/or 
groundwater. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 22A. 

CoPC: Metals, TRH, BTEX, PAHs. 

10.11.2 Soil laboratory results 

Soil samples were collected at two monitoring well locations during drilling and installation of the 
monitoring wells. Soil analytical results for the former UST area were compared against the 
relevant assessment criteria in Table L9-1 (Appendix L). Results confirm that the following 
CoPC in soils were all below LOR within the CSR: 

 Metals (cadmium, mercury) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (arsenic, chromium, copper, lead, nickel, zinc) 

No soil analytical results exceeded the adopted SILs.  

10.11.3 Groundwater laboratory results 

Groundwater analytical results for the former UST area were compared against the relevant 
assessment criteria in Table L9-2 (Appendix L). Results confirm that the following CoPC in 
groundwater were all below LOR within the CSR: 

 Metals (mercury) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (arsenic, cadmium, lead) 

Table 59 provides a summary of the groundwater analytical results which exceeded the adopted 
screening guidelines.  
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10.11.6 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Groundwater immediately down-gradient of the facility indicates no significant impact from 
fuel storage and handling activities. 

 Although the possibility remains that localised residual soil and groundwater impacts may 
remain in the immediate vicinity of the former USTs/bowsers, as the area is paved and in 
the open air, there is no currently identified exposure pathway or subsequent risk to 
commercial/industrial users via direct contact or inhalation.  

 A site management plan should be developed to manage potential risks to 
intrusive/maintenance workers within the immediate vicinity of the USTs and bowsers from 
potential residual localised soil and groundwater impacts, unless these can be confirmed to 
have been removed during 2018 upgrade works. 
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Plume degradation behaviour 

Natural attenuation processes in a dissolved hydrocarbon plume include dispersion, dilution, 
volatilisation, sorption as well as aerobic and anaerobic biodegradation. As detailed in the 
Contaminated Sites Management Series ‘Use of Monitored Natural Attenuation for Groundwater 
Remediation’ (Department of Environment [DoE] 2004) there are three lines of evidence for 
remediation by natural attenuation. The primary and secondary lines of evidence are reviewed 
below to confirm the effectiveness of natural attenuation as the key component of the 
remediation of residual TRH impacts in groundwater beneath the CSR area. 

Primary lines of evidence 

Primary lines of evidence for natural attenuation are provided by observed reductions in plume 
geometry and/or contaminant concentration/mass over time and/or distance (DER 2004). A 
plume that is reducing in extent or concentration, or that is stable, is considered to be primary 
evidence of natural attenuation occurring. 

Spatial Distribution of Impacts 

Time-series spatial impact distribution analysis of TRH fractions was undertaken to evaluate 
primary lines of evidence using the groundwater dataset obtained between August 2007 and 
April 2019 using the Groundwater Spatio-Temporal Data Analysis Tool (GWSDAT Version 2.1).  

TRH concentration distribution plots generated for each monitoring event to demonstrate plume 
spatial characteristics such as migration and depletion are presented in Appendix P. 

The available dataset has been impacted by the decommissioning of the former fuel farm in 
2014/2015 and many wells were decommissioned or no longer present. However, the 
distribution plots collectively indicate the following: 

 The TRH plume in the superficial aquifer was at its most concentrated in 2014 at the 
time of decommissioning and has demonstrably reduced in mass over time to negligible 
concentrations. 

 
Plate 5 Contour plot of F2 TRH >C10-C16 minus Naphthalene 2014 (left) and 

2019 (right) in the superficial aquifer 

 The TRH plume in the perched aquifer was not investigated until the recent 2018 and 
2019 monitoring events and is indicated to be stable and concentrated around MW229P, 
though it is not adequately delineated to the south or south east. 
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Plate 6 Contour plot of F2 TRH >C10-C16 minus Naphthalene May 2018 (left) 

and April 2019 (right) in the perched aquifer 

Spatio-Temporal trend analysis 

Graphical time-series plots of TRH concentrations were generated using GWSDAT to analyse 
temporal trends in dissolved phase concentrations between 2007 and 2019, however the plots 
proved less useful to depict trends as the dataset was discontinuous with well locations 
destroyed or decommissioned during the demolition of the Former Fuel Farm and each 
monitoring location had only one or two monitoring events in total.  

Mann-Kendell analysis was undertaken on each TRH dataset at each groundwater monitoring 
well location where detectable concentrations of TRH were identified. The statistical significance 
of the trend is assessed by means of obtaining a p-value below 0.05. If the p-value is obtained 
below 0.05, then the sample population is deemed to be statistically significant.  

Note, the LOR value was used for non-detects, which offer a more conservative trend (as 
opposed to a zero value or adopting half the LOR), which can affect statistical confidence. 

Where a p-value above 0.05 is identified for the sample population, then the data should be 
interpreted as meaning that that a statistically significant trend is not present. Notwithstanding 
the above, evidence of declining or increasing trends may still be deduced by qualitative 
professional judgement of the time-series data in the well trend plots 

Spatio-temporal trend evaluation outcomes for all wells with detectable TRH concentrations 
were performed. Given the discontinuity of the dataset, all generated plots containing only two 
data points failed the Mann-Kendall test. The one plot with more than two data points (F2 at 
MW151S) also failed to be statistically significant with a p-value of 1. The plots are not provided 
in this report as they are considered not beneficial to the overall assessment.  

Secondary lines of evidence 

Secondary evidence of natural attenuation can be demonstrated by evaluation of various 
geochemical indicators of biodegradation, including depletion of electron acceptors such as DO 
(aerobically), and nitrate, sulfate and carbon dioxide (anaerobically) with consequent increases 
in concentrations of degradation by-products, including ferrous iron and methane. 

Secondary lines of evidence of hydrocarbon degradation were evident within the perched and 
superficial aquifers based on the assessment of the March-May 2018 GME and April 2019 GME 
datasets. The findings are discussed in the following sections. 
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Electron acceptors - Perched aquifer 

Redox - Redox potential within the plume and down-gradient monitoring wells were recorded in 
the negative range as anticipated, representative of mildly reducing and therefore low-energy 
anaerobic conditions.  

DO – Source zone groundwater monitoring wells (0967_MW227P, 0967_MW228P and 
0967_MW229P) recorded a decrease in DO concentrations from the 2018 to 2019 monitoring 
events ranging from 0.05 mg/L to 0.13 mg/L in April 2019 indicative of oxygen reduction and 
anaerobic aquifer conditions. Conversely upgradient well 0967_151P was oxygen rich with a 
concentration of 6.67 mg/L in April 2019. 

Nitrate – Nitrate was also depleted (0.01-0.02 mg/L) in perched groundwater within the source 
zone (0967_MW227P, 0967_MW228P) and slightly higher up gradient (0.08 mg/L at 
0967_MW151P) indicating nitrate reduction has taken place. 

Sulfate – Concentrations of sulfate did not vary significantly in perched aquifer and do not 
demonstrate that sulfate reduction is taking place. It is considered the mild reducing (-150 mV to 
50 mV) conditions in the perch aquifer are more favourable for nitrate reduction than sulfate 
reduction which generally occurs below -200 mV. 

Electron acceptors – shallow regional aquifer 

Redox - Redox potential within the plume and down-gradient monitoring wells were recorded in 
the negative range as anticipated, representative of mildly reducing and therefore low-energy 
anaerobic conditions.  

DO –Concentrations of DO in the superficial aquifer were generally low (less than 1 mg/L) 
however a few anomalies where DO exceeded 2 mg/L both within and outside the TRH plume 
were also recorded. 

Nitrate –Depletion of nitrates in the superficial was not completely observed, indicating a 
potential for a replenishment of electron acceptors within the residual plume. 

Sulfate – Concentrations of sulfate in groundwater ranged from 45 (0967_MW227S) to 
485 mg/L (0937_MW144S) in the groundwater monitoring well network screened within the 
superficial aquifer. Importantly, sulphate concentrations were higher in upgradient monitoring 
well locations and in wells which did not contain detectable concentrations of TRH. This 
indicates sulfate is likely being utilised for biodegradation of TRH in the aquifer. 

Degradation by-products – perched and shallow aquifer 

Ferrous iron – Concentrations of ferrous iron were present at high concentrations at the 
majority of groundwater locations and was not indicative of ferric iron reduction in the perched or 
superficial aquifer.  

Dissolved methane – Concentrations of dissolved methane was detected in the perched 
aquifer at 0967_MW227P and 0967_MW228P. The presence of dissolved methane at these 
location and in association with reduced concentrations of nitrate and sulphate indicates 
methanogenesis is occurring within the perched aquifer. 

Dissolved methane was not detected in any superficial aquifer monitoring locations indicating 
this advanced process of natural attenuation is not occurring in the superficial aquifer. 

Plume degradation summary 

Primary and secondary lines of evidence for natural attenuation processes demonstrate the 
following: 
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Soil 

 Soil concentrations were all reported below the human health guidelines for ongoing 
commercial/industrial usage. Concentrations of CoPC in soils across the balance of the 
Former Fuel Farm do not indicate a contamination risk to property users under the current 
land-use scenario. 

 Localised TRH C10-C16 concentrations exceeding the ESL (170 mg/kg) were identified at 
depth (greater than 2 m bgl) at one location (0967_MW228S). Concentrations of TRH were 
found to decrease marginally with depth from 220 mg/kg at 2.0 m bgl to 180 mg/kg at 4.5 m 
bgl. ESLs are generally applicable to the top 2 m of soil. Shallower samples were not 
collected at this location however it is noted from the borelogs (Appendix I) that a 
hydrocarbon odour was present from 1.5 m bgl to the depth of termination (6.0 m bgl). 
Given the lack of terrestrial ecological receptors in contact with the soils of the fuel farm, 
concentrations of CoPC in soils across the balance of the Former Fuel Farm do not 
indicate a contamination risk to ecological receptors. 

 It is considered the extent of soil impact has been adequately defined to enable an 
appropriate assessment of risk to identified receptors. 

Sediment 

 Sediment impacts were reported above the ISQG low guidelines for cadmium, lead and 
zinc (also exceeding ISQG high). PAH concentrations also exceed ISQG low and high with 
BaP also exceeding soil RSL and ESL.  

 The presence of a thriving benthic community within the site drainage channel adjacent to 
the Former Fuel Farm is unlikely and therefore it is considered unlikely to be at risk from 
the elevated concentrations of metals and PAH identified. During periods of increased 
rainfall, there is potential for these sediments to be transported to the Ki-It Monger Brook 
increasing the potential exposure risk to the aquatic biota of the Ki-It Monger Brook. It is 
noted however that down-stream point from the Former Fuel Farm (0967_SD122) has not 
been impacted by PAH with all PAH concentrations below LOR indicating impacts from the 
Former Fuel Farm are localised to this area. 

 There is also potential for Base workers to be exposed to impacted sediments (exceeding 
HIL-D/RSL) at 0967_SD103 and 0967_SD104 during maintenance activities such as 
clearing of obstructed drainage channels. 

Surface water 

 The surface water sample reflected a similar metals concentration profile to the sediment 
with elevated chromium and zinc exceeding freshwater investigation levels (ILs). PAHs 
were not detected above LOR in the surface water albeit being elevated and exceeding the 
majority of ILs in the corresponding sediment sample.  

 Chromium and zinc impacts were not reported in the proximal downstream sample location 
in the Ki-It Monger Brook (0967_SW152), indicating onsite impacts to surface water are not 
being transported off site or are sufficiently diluted at the receiving surface water body. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Former 
Fuel Farm is likely to discharge to the Ki-It Monger Brook in the south east. Groundwater at 
the property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses and irrigation. 
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 Metals concentrations were reported above fresh water criteria and marginally exceeded 
background concentrations (Section 10.1). Metals exceeding groundwater ILs were either 
not present in soil or not present at significant concentrations, however were noted to be 
present in sediment samples from surface water drains indicating the pathway for 
contamination to be transported from the site is possibly dominated by surface run-off to 
nearby drains and subsequent infiltration from these areas to groundwater. It also indicates 
the elevated metals concentrations in groundwater are likely the result of diffuse source 
contamination from general industrial land use. 

 TRH concentrations were present in all perched aquifer sample locations and four (2018) 
to three (2019) of ten monitoring locations in the superficial aquifer. The greatest 
concentration of TRH was observed at 0967_MW229P. No LNAPL was observed within 
any of the monitoring wells however a sheen was noted at 0967_MW227P and 
0967_MW227S in 2018 and only 0967_227S in 2019. Monitoring wells screened in the 
superficial aquifer further south and down gradient of impacts did not report TRH 
concentrations above LOR.  

 TRH concentrations in the perched aquifer are not delineated toward the south however it 
is considered unnecessary to install any further wells in the perched aquifer given the 
following: 

– Lack of TRH presence down-gradient within the superficial aquifer 

– Unlikely event that the TRH plume will migrate from the discontinuous perched aquifer 
to a down-gradient receptor 

– Lack of infrastructure to the south of the perched aquifer plume which would give rise to 
increased vapour risk. 

 Given the inferred groundwater flow being southerly in this portion of the site and no TRH 
impacts observed in the monitoring wells in the down-gradient fringes of the CSR it is 
considered the extent of the TRH plume in the superficial aquifer is adequately delineated. 
The data gap regarding the adequacy of the monitoring network is therefore considered 
closed. 

 Natural attenuation of TRH in the perched aquifer is supported by evidence of consumption 
of DO, nitrates and the presence of degradation by-product methane in the source areas. 

 Primary lines of evidence support TRH plume shrinkage in the superficial aquifer to 
negligible concentrations. Secondary lines of evidence were less consistent than the 
primary lines of evidence in the superficial aquifer however the plume has reduced to 
insignificant quantities unlikely to generate a significant biological response within the 
aquifer. The aquifer does however have the capacity to support MNA evidenced by the 
presence of electron acceptors which can be utilised during biodegradation processes if 
necessary. 

10.12.8 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 
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10.12.9 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 It is considered the extent of soil impact has been adequately defined and there is no 
significant residual soil impact from fuel storage and historical leakage following the 
decommissioning phase. 

 Clearing and appropriate disposal of impacted sediments in surface water drain at 
0967_SD103 and 0967_SD104 (an area of up to 150 m x 1 m x 0.5 m) where PAH (BaP) 
concentrations exceed health criteria should be undertaken. 

 The current groundwater monitoring network is considered adequate.  

 Multiple lines of evidence support MNA has and is occurring at the Former Fuel Farm. 
Given the Former Fuel farm has been decommissioned, no further sources of 
contamination are considered present and it is considered natural attenuation will continue 
in the perched aquifer and can be monitored for a two further annual events to clearly 
demonstrate this, subject to the outcomes of the future monitoring rounds.  
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Remediation’ (Department of Environment [DoE] 2004) there are three lines of evidence for 
remediation by natural attenuation. The primary and secondary lines of evidence are reviewed 
below to confirm the effectiveness of natural attenuation as the key component of the 
remediation of residual TRH impacts in groundwater beneath the CSR area. 

Primary lines of evidence 

Primary lines of evidence for natural attenuation are provided by observed reductions in plume 
geometry and/or contaminant concentration/mass over time and/or distance (DER 2004). A 
plume that is reducing in extent or concentration, or that is stable, is considered to be primary 
evidence of natural attenuation occurring. 

Spatial distribution of impacts 

Time-series spatial impact distribution analysis of TRH fractions was undertaken to evaluate 
primary lines of evidence using the groundwater data obtained between September 2009 and 
April 2019 and to provide a statistical evaluation of groundwater conditions at the Site.  

TRH concentration contour plots generated for each monitoring event to demonstrate plume 
spatial characteristics such as migration and depletion are presented in Appendix P. 

The available dataset has been impacted by the lack of available digital data between 2009 and 
2018. However, the contour plots demonstrate the following: 

 The TRH plume in the perched aquifer was not investigated until the recent 2018 and 
2019 monitoring events and is indicated to be concentrated around 0967_MW242 
(22600 µg/L in May 2018 to 6440 µg/L in April 2019) has decreased from 2018 to 2019 
however is not delineated to the south west. 

 The TRH plume in the superficial aquifer is concentrated within the centre of the former 
service station at 0967_MW234S and 0967_MW235S however remains at negligible 
concentrations (TRH >C10-C40 140 µg/L to 370 µg/L in April 2019). 

 

Plate 7 Contour plot of F3 TRH >C16-C34 in 2018 (left) and 2019 (right) in the 

superficial aquifer 

Spatio-Temporal trend analysis 

Graphical time-series plots of TRH concentrations were generated using GWSDAT to analyse 
temporal trends in dissolved phase concentrations however proved less useful as the dataset 
was discontinuous, each monitoring location only having one or two monitoring events in total.  

Mann-Kendell analysis was undertaken on each TRH dataset at each groundwater monitoring 
well location where detectable concentrations of TRH were identified. The statistical significance 
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of the trend is assessed by means of obtaining a p-value. If the p-value is obtained below 0.05, 
then the sample population is deemed to be statistically significant.  

Note, the LOR value was used for non-detects, which offer a more conservative trend (as 
opposed to a zero value or adopting half the LOR), which can affect statistical confidence.  

Where a p-value above 0.05 is identified for the sample population, then the data should be 
interpreted as meaning that that a statistically significant trend is not present. Notwithstanding 
the above, evidence of declining or increasing trends may still be deduced by qualitative 
professional judgement of the time-series data in the well trend plots. 

Given the discontinuity of the dataset, all generated plots containing only two data points failed 
the Mann-Kendall test. The plots are not provided in this report as they are considered not 
beneficial to the overall assessment.  

Secondary lines of evidence 

Secondary evidence of natural attenuation can be demonstrated by evaluation of various 
geochemical indicators of biodegradation, including depletion of electron acceptors such as DO 
(aerobically), and nitrate, sulfate and carbon dioxide (anaerobically) with consequent increases 
in concentrations of degradation by-products, including ferrous iron and methane. 

Secondary lines of evidence of hydrocarbon degradation were evident within the perched and 
superficial aquifers based on the assessment of the March-May 2018 GME and April 2019 GME 
datasets. The findings are discussed in the following sections. 

Electron acceptors - Perched aquifer 

Two wells screened in the perched aquifer we able to be sampled in both 2018 and 2019. 

Redox - Redox potential within the plume and down-gradient monitoring wells were recorded in 
the negative range as anticipated, representative of mildly reducing and therefore low-energy 
anaerobic conditions.  

DO – Dissolved oxygen in the perched aquifer was low (less than 0.5 mg/L) indicative of 
anaerobic conditions. 

Nitrate – Nitrate was depleted in the perched aquifer in 2019, having reduced from 3.06 mg/L at 
source zone location 0967_MW242 to 0.18 mg/L. 

Sulfate – Concentrations of sulfate were depleted in 2018 (less than 2 mg/L) and had increased 
slightly in 2019. It is likely Sulfate reduction was occurring in 2018 and when depleted, other 
electron donors such as DO and nitrate were utilised for biodegradation, allowing the sulfate 
concentrations to recover. 

Electron acceptors – shallow regional aquifer 

Redox - Redox potential within the plume and down-gradient monitoring wells were recorded in 
the negative range as anticipated, representative of mildly reducing and therefore low-energy 
anaerobic conditions. Conversely, positive oxidising conditions were recorded upgradient at 
0967_MW146. 

DO –Concentrations of DO in the superficial aquifer were generally low and anaerobic (less 
than 1 mg/L) however one anomaly was recorded at 7.62 mg/L at the downgradient plume 
fringe (0967_MW233S April 2019). 

Nitrate – Nitrate in the superficial aquifer was depleted in 2019 recorded below 0.29 mg/L at all 
locations. The previous year, nitrate was present at 1.96 mg/L in upgradient well 0967_MW146 
and 1.84 mg/L in downgradient well 0967_MW234S, indicating nitrates are available in the 
aquifer but likely have been utilised for biodegradation. 
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Sulfate – Concentrations of sulfate in groundwater ranged from 6 mg/L (0967_MW232S) to 
197 mg/L (0967_MW234S) in the groundwater monitoring well network screened within the 
superficial aquifer. Importantly, sulphate concentrations were depleted in downgradient 
monitoring wells (0967_MW232S and 0967_MW233S) when redox was strongly reducing (-
204.2 mV and -155.8 mV). This indicates sulfate is likely being utilised for biodegradation of 
TRH in the aquifer when reducing conditions allow. 

Degradation by-products – perched and shallow aquifer 

Ferrous iron – Concentrations of ferrous iron were present above 9 mg/L across the Former 
Service Station however were notably low at upgradient (0967_MW146) and distal down-
gradient (0967_MW226) locations where they were recorded below 0.23 mg/L. This indicates 
ferrous iron production has likely been taking place within the TRH plume. The highest ferrous 
iron concentrations (greater than 50 mg/L) were noted to be associated with presence of TRH 
(excluding MW232S), depleted sulfate, nitrate and strongly reducing conditions (redox -204.2 
mV to -143.7 mV). 

Dissolved methane – High concentrations of dissolved methane were detected in the perched 
aquifer. Dissolved methane was recorded at its highest (3620 µg/L) at MW242 when TRH was 
also its peak (22600 µg/L) indicating methanogenesis was occurring at the source zone.  

The presence of dissolved methane in the superficial aquifer was not always associated with 
TRH presence and may indicate biological activity not related to the TRH plume.  

Plume degradation summary 

Primary and secondary lines of evidence for natural attenuation processes demonstrate the 
following: 

 Statistically derived and qualitative trends for TRH were not achievable with the dataset 
which was observed to be discontinuous due to the loss/damage of key wells following 
site inactivity. 

 A reducing TRH plume in the perched aquifer and to almost negligible concentrations in 
the superficial aquifer  

 Absence of any significant TRH concentrations in outermost downgradient perimeter 
wells in the superficial aquifer (below the LOR). 

 Consumption of dissolved oxygen, nitrates, sulfate and the presence of degradation by-
products ferrous iron and methane in the perched and superficial aquifers, which provides 
a further line of evidence for degradation of TRH in the groundwater. 

10.13.5 Surface water laboratory results 

No surface water sampling locations had sufficient surface water for sampling in the drainage 
channels located in close proximity to the Former Service Station. 

10.13.6 Discussion  

The interpretation of the results with reference to the investigation objectives and identified data 
gaps is discussed below: 

Soil 

 The extent of soil sampling from the current and previous Stage 2 DSI (AECOM 2010) is 
considered adequate to define the potential contamination risk to the CSR area for soils. 

 Soil CoPC concentrations were all reported below the human health guidelines for 
commercial/industrial use and the majority below ecological guidelines indicating no 
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contamination risk to property users and ecological receptors under the current land-use 
scenario. 

 Localised TRH C16-C34 concentrations exceeding the ESL (2500 mg/kg) were identified at 
depth (4.0 m bgl) at one location (0967_BH320) beneath the former fuel station 
infrastructure and liquid waste pit. Concentrations of TRH were not present between 
ground surface and 2.0 m bgl or at 5.0 m bgl. ESLs are generally applicable to the top 2 m 
of soil. Given the lack of terrestrial ecological receptors in contact with the soils of the 
Former Service Station at this depth, concentrations of CoPC in soils across the balance of 
the Former Fuel Farm do not indicate a contamination risk to ecological receptors. 

Sediment 

 Sediment CoPC concentrations from two samples in the adjacent drain were all reported 
below LOR or relevant the ISQG levels indicating no contamination risk to property users 
and ecological receptors from the sediment in the adjacent drain under the current land-
use scenario. 

Surface water 

 No surface water sampling locations had sufficient surface water for sampling in the 
drainage channels located in close proximity to the Former Service Station however it is 
considered surface water sampling across the airbase in general is sufficient to illustrate 
surface water quality flowing off site as discussed in Section 10.2.1. Furthermore, results 
from soil and sediment sampling indicate that the risk of contamination downstream via 
surface run-off from the Former Service Station is low. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Former 
Service Station flows south west however as it gets further from the service station is likely 
to migrate toward and discharge to the Ki-It Monger Brook in the south east. Groundwater 
at the property is not used for any purpose. Surrounding properties use the water for 
drinking, domestic/household uses including irrigation and showering. 

 Metals concentrations were reported above fresh water criteria and marginally exceeded 
background concentrations (Section 10.1). Metals exceeding groundwater ILs were not 
necessarily present in soil or not present at significant concentrations indicating the 
elevated metals concentrations are likely the result of diffuse source contamination from 
general industrial land use. 

 TRH concentrations were present in both perched aquifer sample locations (however only 
in one in 2019) and were significantly reduced in concentration from 2018 to 2019.  

 The greatest concentrations of TRH and BTEX-N were observed at 0967_MW242 in the 
perched aquifer, in the vicinity of the former waste oil UST. No LNAPL was observed within 
any of the monitoring wells however a slight sheen was noted at 0967_MW242 in April 
2019.  

 TRH concentrations in the perched aquifer are not delineated toward the south however it 
is considered unnecessary to install any further wells in the perched aquifer given the 
following: 

– Lack of TRH presence down-gradient within the superficial aquifer 
– Unlikely event that the TRH plume will migrate from the discontinuous perched aquifer 

to a down-gradient receptor (downgradient well 0967_234P was reported to be dry in 
2019). 
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– Lack of infrastructure down-gradient of the perched aquifer plume which would give rise 
to increased vapour risk. 

 TRH concentrations in the superficial aquifer were low (less than LOR to 380 µg/L) and 
have reduced slightly from historic (2009) concentrations. 

 Given the inferred groundwater flow being south-westerly in this portion of the site and no 
TRH impacts observed in the monitoring wells in the down-gradient fringes of the CSR it is 
considered the extent of the TRH plume in the superficial aquifer is adequately delineated. 
The data gap regarding the adequacy of the monitoring network is therefore considered 
closed. 

 Natural attenuation of TRH in the perched and superficial aquifers is supported by 
evidence of consumption of dissolved oxygen, nitrates, sulphates and the presence of 
degradation by-products ferrous iron and methane in the source areas. 

 The groundwater impacts detected in 0967_MW242 (ethylbenzene, MTBE and 
naphthalene) exceeding health and ecological ILs in 2018 were not present in 2019 above 
LOR or were significantly reduced (ethylbenzene) and have likely naturally attenuated as 
supported by the secondary lines of evidence presented in section 10.13.4. 

10.13.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.13.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 It is considered the extent of soil impact has been adequately defined to enable an 
assessment of risk to ongoing site users and indicate no contamination risk to property 
users and ecological receptors under the current land-use scenario. 

 The groundwater impacts (benzene, ethylbenzene, MTBE and naphthalene) exceeding 
health and ecological ILs are limited to the area beneath the residual source zone and are 
not migrating from the boundary of the CSR. Given groundwater is not abstracted at the 
site and the impacts are localised to the source zone, show significant attenuation in a 
down-gradient direction and therefore are unlikely to migrate as far as Ki-It Monger Brook 
or the Ellen Brook, the risk presented to human health and ecological receptors from the 
hydrocarbon plume is considered low. 

 The current groundwater monitoring network is considered adequate.  

 Multiple lines of evidence support MNA has and is occurring at the Former Service Station. 
Given the Former Service Station has been decommissioned, no further primary sources of 
contamination are considered present and it is considered natural attenuation will continue 
in the perched and superficial aquifers and can be monitored for a maximum of two further 
annual events to clearly demonstrate this.  
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10.14 CSR_WA_000151 – Grounds Maintenance Area 

10.14.1 Summary of data gaps 

Historical small leaks of chemicals are known to have occurred on the property and considered 
likely to run-off in the direction of a drain located adjacent to the boundary. The earthen bund in 
the south-western corner of the Grounds Maintenance Area was observed to be compromised.  

PFAS well SD-MW12 (screened 11.9 to 17.9 m bgl) reported TCE concentration of 863 µg/L in 
September 2017. 

Further investigation including the collection of additional surface soil samples within compound 
area, sediment samples from adjacent drain outside compound and installation of additional 
down-gradient monitoring wells was therefore considered necessary to assess the current 
status of potential risk associated with historical chemical leaks, chemical and fuel storage 
operations.  

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented on Figure 25A. 

CoPC: TRH, metals, PAHs, herbicides, pesticides, VOCs, dioxins and furans. 

10.14.2 Soil laboratory results 

Soil samples were collected at 14 soil locations and at three monitoring well installation 
locations. Soil analytical results for the Grounds Maintenance Area are compared against the 
relevant assessment criteria in Table L12-1 (Appendix L). Results confirm that the following 
CoPC in soils were all below LOR within the CSR: 

 Metals (mercury) 

 PAHs (naphthalene) 

 TRH (F1 (C6-C10 minus BTEX-N), C6-C10 fraction) 

 VOCs  

 OPPs 

 Fungicides 

 Dioxins and Furans 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (chromium, copper, lead, nickel, zinc) 

 TRH (F2 (>C10-C16 minus naphthalene), F4 (>C34-C40 fraction), >C10-C40 (sum of total)) 

 OCPs (4,4-DDE, DDT+DDE+DDD - lab calc) 

  Herbicides (atrazine, tebuthiuron) 

Table 68 provides a summary of the soil analytical results which exceeded the adopted SILs.  
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 Concentrations of TRH exceeded the ESLs in surface soils (0.1 m bgl) adjacent to the 
machinery storage bays (0967_BH345) and lay-down area (0967_BH342). Deeper 
samples (greater than 0.5 m bgl) did not report any TRH above the LOR indicating the 
impacts are limited to the surface. 

 Given the lack of terrestrial ecological receptors in contact with the soils of the Grounds 
Maintenance Area, concentrations of CoPC in surface soils across the balance of the 
Grounds Maintenance Area do not indicate a contamination risk to ecological receptors. 

Surface water 

 Proposed surface water location 0967_SW129 did not have sufficient surface water for 
collection of a representative sample of this matrix however it is considered surface water 
sampling across the airbase in general is sufficient to illustrate surface water quality flowing 
off site is not impacted by the grounds maintenance area (as discussed in Section 10.2.1). 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Grounds 
Maintenance Area is likely to discharge to the Ellen Brook to the west. Groundwater at the 
property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses including irrigation and showering. 

 Metals concentrations were reported above fresh water criteria (chromium, copper, nickel 
and zinc), drinking water (health) criteria (nickel) and background concentrations (Section 
9.1). Given the distance from the Grounds Maintenance Area and the Ki-It Monger and the 
Ellen Brooks (>1.0 km) it is considered unlikely the elevated concentrations of metals 
exceeding ecological ILs will migrate to these sensitive ecological receptors. 

 Groundwater beneath the Grounds Maintenance Area also reported minor concentrations 
(not exceeding ILs) of VOCs typically associated with solvents comprising 1,2,3-
trichlorobenzene, bromodichloromethane, dibromomethane, chloroform and TCE along 
with pesticide compounds comprising atrazine, simazine, bromacil, paclobutrazol and 
benomyl. Trace concentrations of pesticides were also noted in soil and sediment samples. 

 TCE concentrations have fluctuated at 0967_MW112 (previously MW12) since its detection 
by the PFASIMB in 2017 (section 4.1). The elevated concentrations are centred around 
0967_MW112 and 0967_MW243 while minor concentrations were reported at 
downgradient monitoring wells 0967_MW244 and 0967_MW245. The upgradient extent of 
the TCE plume is not adequately delineated. 

 Existing wells are screened at the top of the superficial aquifer and may not detect DNAPL 
(if present).  Further investigation into potential DNAPL presence should consider 
installation of deeper wells. 

10.14.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.14.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Concentrations of elevated CoPC detected in soil, sediment and groundwater are unlikely 
to impact property users under the current land-use scenario nor are they likely to migrate 
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to the sensitive ecosystem of Ki-It Monger or the Ellen Brook given the distance (greater 
than one kilometre). 

 The soil and groundwater data does however indicate that chemical storage and handling 
practices at the Grounds Maintenance Area has had an impact, albeit minor, on the 
environment. 

 Chemical storage and handling practices including potential for engineering controls at the 
Grounds Maintenance Area should be reviewed and improved to prevent further impact to 
the environment. 

 Groundwater monitoring at the Grounds Maintenance area should be incorporated into 
future monitoring programs. 

 Two further monitoring wells are recommended to be installed north of 0967_MW112 and 
0967_MW243 to delineate the upgradient reaches of the TCE plume. 

 One further monitoring well should be installed within the source zone and screened at the 
base of the superficial aquifer to investigate the potential for presence of DNAPL. 
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Sediment 

 Sediment sample 0967_SD121 collected within the CSR reported zinc and PAH 
concentrations exceeding the ISQG Low criteria. Sediment samples further downstream 
did not report any CoPC above LOR or the ISQG criteria which indicates the impacts are 
localised to within or immediately down-stream of the CSR. 

 The presence of a thriving benthic community within the site drainage channel adjacent to 
the Fire Training Area is unlikely and therefore it is considered unlikely to be at risk from 
the elevated concentrations of metals and PAH identified. The lack of identification of any 
PAH or elevated metals down-stream indicates the down-stream receptors of the Ellen 
Brook are also unlikely to be at risk from the impacts observed at the Fire Training Area. 

Surface water 

 No surface water sampling locations had sufficient surface water for sampling in the 
drainage channels located in close proximity to the Fire Training Area however it is 
considered surface water sampling across the airbase in general is sufficient to illustrate 
surface water quality flowing off site as discussed in Section 10.2.1. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Fire 
Training Area is likely to discharge to the Ellen Brook in the south west. Groundwater at the 
property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses including irrigation and showering. 

 Metals concentrations were reported above fresh water criteria and exceeded background 
concentrations (Section 9.1) at well 0967_MW053. The monitoring well immediately down 
gradient of 0967_MW053 (0967_MW052) could not be sampled as it was dry. It is noted 
0967_MW053 is screened in the discontinuous perched aquifer. 

 Metals exceeding ILs were also present in sediment at the CSR. PAH concentrations which 
were elevated in the sediment samples were not detected above the LOR in groundwater. 

 Given the assumed groundwater flow being south westerly in this portion of the site and 
down-gradient well from the area of impact being dry, it is considered the extent of the 
elevated metals is not fully delineated and it cannot be confirmed if groundwater impacts 
are migrating to the Ellen Brook. It is however considered unlikely to be migrating given the 
impacts are only observed in the discontinuous perched aquifer. 

10.15.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.15.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 CoPCs in sediment and groundwater did not exceed any human health ILs. On this basis a 
contamination risk to property users under the current land-use scenario has not been 
identified. 

 Elevated metals concentrations above ecological ILs and background concentrations have 
not been fully delineated. However, given the concentrations were reported in the 
discontinuous perched aquifer, it is unlikely impacts could migrate from the Fire Training 

Defence FOI 536/21/22 
Document 1



 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 204 

Area to the Ellen Brook and are therefore the groundwater impacts are considered unlikely 
to pose a risk to this ecosystem.  

 Further conventional contamination investigation of the Fire Training Area is considered not 
required although PFAS investigations are ongoing. 
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10.16 CSR_WA_000155 – Fuel Storage Power Station 

10.16.1 Summary of data gaps 

A review of ERM Stage 2 DSI (2013) indicated soil quality is acceptable provided a site 
management plan is developed to manage exposure risk and to continue a program of GW 
monitoring. The review by ERM included soil testing outside of the area of impact and is 
therefore irrelevant. 

There is a low risk that the leak may have caused impact beneath the building slab however 
indoor inhalation risk is considered low based on anecdotal evidence that the floor is in good 
condition. Comparison of historical shallow soil data (GHD 2004) to current TRH criteria 
identified contamination above HSL – D (direct contact criterion for commercial/industrial 
settings). 

Further investigation is therefore considered necessary to assess the current status of potential 
risk associated with fuel storage and spill including vapour exposure assessment 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 27A. 

CoPC: Metals, TRH, BTEX, PAHs. 

10.16.2 Soil laboratory results 

Soil samples were collected at two soil bore locations. Soil analytical results for the Power 
Station UST area are compared against the relevant assessment criteria in Table L14-1 
(Appendix L). Results confirm that the following CoPC in soils were all below LOR within the 
CSR: 

 Metals (mercury) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (arsenic, chromium, copper, lead, nickel, zinc) 

No soil analytical results exceeded the adopted SILs.  

10.16.3 Groundwater laboratory results 

Groundwater analytical results for the Power Station UST area were compared against the 
relevant assessment criteria in Table L14-2 (Appendix L). Results confirm that the following 
CoPC in groundwater were all below LOR within the CSR: 

 Metals (arsenic, chromium, mercury) 

 BTEX-N 

 TRH 

 PAHs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (lead) 
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 TRH has not been reported above LOR in wells down-gradient of the CSR since 2013. 
Residual contamination from the historic spill is therefore considered to be localised to 
within the spill area and not migrating (if present). 

10.16.5 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.16.6 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soil and groundwater testing is inconclusive with regards to the risk posed to property 
users from impacted soil, groundwater and vapours in the vicinity of the historic spill area 
as access was limited.  

 Soil and groundwater testing carried out has however indicated the following: 

– No impacts in groundwater further down-gradient of the impact area since 2013 
– No risk is posed to down-gradient ecosystem of the Ellen Brook as contamination (if 

present) is not migrating from the CSR and 

– No impacts in soil adjacent to the historic spill area. 
 Based on multiple lines of evidence, i.e. the fact that the spill was diesel fuel and occurred 

in 2004, that the slab of the Power Station building was observed to be in good condition, 
and that personnel only work within the building on a temporary short term basis, if at all, it 
is considered unlikely that there is a vapour risk to users.  

 As per recommendations from the 2013 Stage 2 DSI, a Site Management Plan should be 
developed to manage potential exposure risk to intrusive workers (if not already in place). 
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10.17 CSR_WA_000156 – Paint Shop 

10.17.1 Summary of data gaps 

Historical investigations have not identified any significant soil or groundwater contamination 
however a sheen was observed in MW016 during the 2016 regional monitoring program.  

Historical investigations did not include the assessment of sediment in adjacent surface drains 
near the Paint Shop. The potential for sediment to be impacted by hexavalent chromium is 
considered likely however has not been assessed to date.  

Further investigation was therefore considered necessary to assess the current status of 
potential risk associated with Paint Shop operations including potential chromium VI impact to 
sediment in the Ellen Brook. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 28A. 

CoPC: Metals, VOCs, TRH, nutrients. 

10.17.2 Soil laboratory results 

Soil samples were collected at one groundwater monitoring well location and two surface soil 
locations in the adjacent drain (in the absence of sediment sample locations). Soil analytical 
results for the Paint Shop area are compared against the relevant assessment criteria in 
Table L15-1 (Appendix L). Results confirm that the following CoPC in soils were all below LOR 
within the CSR: 

 Metals (hexavalent chromium, arsenic, cadmium, copper, mercury, nickel, zinc) 

 TRH 

 VOCs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (barium, copper, chromium, lead, manganese, strontium, nickel, vanadium, zinc)  

 PAH (BaP, benzo(g,h,i)perylene, chrysene, fluoranthene, indeno(1,2,3-c,d)pyrene, pyrene) 

No soil laboratory results exceeded the adopted SILs. 

10.17.3 Groundwater laboratory results 

Groundwater analytical results for the Paint Shop were compared against the relevant 
assessment criteria in Table L15-2 (Appendix L). Results confirm that the following CoPC in 
groundwater were all below LOR within the CSR: 

 Metals (cadmium, lead, mercury) 

 TRH 

 VOCs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Nutrients 

 Metals (arsenic, nickel, strontium) 

Table 73 provides a summary of the groundwater analytical results which exceeded the adopted 
screening guidelines.  
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Surface water 

 The surface water sample reflected a similar metals concentration profile to the surface 
soils at the CSR with elevated chromium, copper and zinc exceeding freshwater ILs. PAHs 
were not detected above LOR in the surface water albeit being present in surface soils.  

 Chromium concentrations in the surface water were also somewhat elevated above 
upstream concentrations in the Ellen and Ki-It Monger Brooks. The minor chromium impact 
to surface water in the vicinity of the Paint Shop was not reported downstream in the Ellen 
and Ki-It Monger Brooks indicating onsite impacts to surface water are not being 
transported off site or are sufficiently diluted at the receiving surface water body. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the Former 
Paint Shop is likely to discharge to the Ki-It Monger Brook in the south. Groundwater at the 
property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses including irrigation and showering. 

 Metals concentrations were reported above fresh water criteria however were within 
background concentrations (Section 9.1) reflecting the urbanised land-use setting.  

 Groundwater beneath the Paint Shop does not appear to be impacted by Paint Shop 
activities. 

10.17.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.17.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soil, surface water and groundwater testing indicates that there is no risk of impact to 
property users or the down-gradient ecosystem of the Ki-It Monger Brook from soil, 
groundwater or surface water under the current land-use scenario.  

 The Paint Shop area is suitable for ongoing use from a contamination risk perspective with 
no ongoing requirements for management or monitoring and as such should be archived 
from the CSR database.  
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10.18 CSR_WA_000160 – Hangar 95 

10.18.1 Summary of data gaps 

Anecdotal evidence suggests the presence of hydrocarbon impact at each end of the building 
and inferences have also been made suggesting impact beneath the building. 

Further investigation was therefore considered necessary to assess the current status of 
potential contamination risk associated with workshop operations and historical spills. 
Groundwater impact uncertainty remained following the initial mobilisation prompting further 
investigation in mobilisation 2. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 29A. 

CoPC: Solvents, TRH, BTEX-N, VOCs, MTBE, metals, PAHs, phenols, anion, cations. 

10.18.2 Groundwater laboratory results 

Groundwater analytical results for the hangar area were compared against the relevant 
assessment criteria in Table L16-1 (Appendix L). Results confirm that the following CoPC in 
groundwater were all below LOR within the CSR: 

 Metals (cadmium, mercury) 

 Benzene, ethylbenzene, xylenes 

 TRH (F4 (>C34-C40 fraction)) 

 PAHs 

 VOCs 

 CHCs (excluding chlorobenzene) 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (chromium, arsenic, lead) 

 TRH (excluding F4 (>C34-C40 fraction)) 

Table 75 provides a summary of the groundwater analytical results which exceeded the adopted 
screening guidelines.  
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 Although concentrations of volatile organic compounds have been detected in groundwater 
down-gradient of the hangars, it is considered the vapour risk to on-site receptors is low 
and sufficiently managed by existing occupational hygiene indoor air quality monitoring 
procedures. 

10.18.4 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.18.5 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 The extent of toluene in groundwater beneath the hangar is delineated by down-gradient 
monitoring wells at the Aircraft Shelters and given the distance (1.5 km) it is unlikely to 
migrate to the Ellen Brook. 

 Although concentrations of volatile organic compounds have been detected in groundwater 
down-gradient of the hangars, it is considered the vapour risk to on-site receptors is low 
and sufficiently managed by existing indoor air quality monitoring procedures. 

 Groundwater monitoring from the existing network and incorporating new wells installed at 
the aircraft shelters (09687_MW249, 0967_MW250, 0967_MW251) should continue 
(including analysis for toluene and chlorobenzene) at this location to ensure the impact 
which fuel handling practices have on the environment is effectively monitored.  
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10.19 PCSR_0967_001 – Aircraft Shelters 

10.19.1 Summary of data gaps 

Anecdotal evidence relates to venting of significant volumes of aviation fuel in the area to the 
west of the aircraft shelters.  

Reporting (Golder 2015) indicated strong hydrocarbon odours in this area from 0.3 to 1.0 m with 
no contamination analysis conducted. 

Soil and groundwater impact uncertainty is present. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 30A. 

CoPC: Metals, TRH, BTEX-N, VOCs, PAHS, chlorinated hydrocarbons 

10.19.2 Soil laboratory results 

Soil samples were collected at eight soil bore locations. Soil analytical results for the Aircraft 
Shelters are compared against the relevant assessment criteria in Table L17-1 (Appendix L). All 
soil samples were below the adopted guidelines at this location. Results confirm that the 
following CoPC in soils were all below LOR within the CSR: 

 Metals (arsenic, cadmium, mercury) 

 BTEX-N 

 VOCs 

 Monocyclic Aromatic Hydrocarbon (MAH) 

 Halogenated Hydrocarbons 

 Chlorinated Hydrocarbons 

The following CoPC were detected above the LOR but were below the applied guidelines: 

 Metals (chromium, copper, iron, lead, nickel, zinc) 

 TRH (F1 (C6-C10 minus BTEX), C6-C10 Fraction, F2 (>C10-C16 minus Naphthalene), >C10-
C16 Fraction 

 PAHs (Total 8 PAHs (as BaP TEQ)(half LOR) and Total 8 PAHs (as BaP TEQ)(full LOR) 

No soil laboratory results exceeded the adopted SILs. 

10.19.3 Groundwater laboratory results 

Groundwater analytical results for the Aircraft Shelters were compared against the relevant 
assessment criteria in Table L17-2 (Appendix L). Results confirm that the following CoPC in 
groundwater were all below LOR within the CSR: 

 Metals (cadmium, mercury) 

 BTEX-N (Benzene, Ethylbenzene) 

 TRH (F1 (C6-C10 minus BTEX), F4 (>C34-C40 Fraction) 

 PAHs (Naphthalene) 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (arsenic, lead) 
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Shelters, these hydrocarbon concentrations are considered minor and do not warrant any 
further investigation. 

10.19.5 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.19.6 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 CoPCs in soil and groundwater did not exceed any human health ILs. On this basis a 
contamination risk to property users under the current land-use scenario has not been 
identified. 

 Groundwater monitoring data indicates that aircraft maintenance and fuelling practices at 
the aircraft shelters area has had an impact, albeit minor, on the environment and do not 
warrant any further investigation. 

 The Aircraft Shelters area is suitable for ongoing use from a contamination risk perspective 
with no ongoing requirements for management or monitoring and generation of a new CSR 
in the CSR database is not recommended.  

 Monitoring wells installed at this location are to be incorporated into the monitoring network 
targeting the Hangar 95 CSR. 
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10.20 PCSR_0967_002 – AVTUR Fuel Farm 

10.20.1 Summary of data gaps 

Five monitoring wells were installed during construction of the facility in 2014. No LNAPL 
detected during weekly dipping, however no groundwater sampling known to have been 
undertaken.  Anecdotal evidence of free product near the puraceptor reported by the fuel farm 
operator in the early operation of the new fuel farm (Defence comms). 

A small spill (anecdotally approximately 20 L) of AVTUR occurred onto blue metal (subsurface 
unlined) at the western edge of the refuelling area in January 2018, with no subsurface 
excavation undertaken.  

Investigation of soil and groundwater was considered necessary to assess the current status of 
potential risk associated with the historical fuel spill and fuel storage operations, particularly the 
potential contamination of surface soil/likelihood for vertical migration to groundwater and plume 
stability. 

All sampling locations within this CSR and sampling rationale are detailed in Table 25 and are 
presented in Figure 31A. 

CoPC: Metals, TRH, BTEX, VOCs, PAHs. 

10.20.2 Soil laboratory results 

Soil samples were collected at three soil bore locations. Soil analytical results for the fuel farm 
area are compared against the relevant assessment criteria in Table L18-1 (Appendix L). 
Results confirm that the following CoPC in soils were all below LOR within the CSR: 

 Metals (arsenic, cadmium, mercury) 

 BTEX-N 

 TRH 

 PAHs 

 VOCs 

The following CoPC were detected slightly above the LOR but were below the applied 
guidelines: 

 Metals (chromium, copper, lead, nickel, zinc) 

No soil analytical results exceeded the adopted SILs.  

10.20.3 Sediment laboratory results  

Four sediment sampling locations are located in drainage channels in close proximity to the 
New AVTUR Fuel Farm which are considered to be servicing the area. These sample locations 
include 0967_SD101, 0967_SD102, 0967_SD103 and 0967_SD104. Sediment analytical 
results from these locations are compared against the relevant assessment criteria in Table 
L18-2 (Appendix L). As sediment samples were generally collected from dry surface water 
drains or stagnant pools they are not considered to be representative of conditions which may 
support ephemeral benthic ecosystems. Therefore, sediment samples were compared against 
both sediment (ISQG) guidelines as well as soil guidelines considered relevant for this CSR. 

Results confirm that the following CoPC in the sediment were all below LOR: 

 Metals (mercury) 

 BTEX-N 
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plume that is reducing in extent or concentration, or that is stable, is considered to be primary 
evidence of natural attenuation occurring. 

 

Spatial distribution of impacts 

Time-series spatial analysis of TRH fractions was undertaken to evaluate primary lines of 
evidence using the groundwater data obtained between November 2014 and April 2019 and to 
provide a statistical evaluation of groundwater conditions at the CSR.  

TRH concentration contour plots generated for each monitoring event to demonstrate plume 
spatial characteristics such as migration and depletion are presented in Appendix P 

The available dataset has been impacted by the lack of available data between 2014 and 2018 
and by wells being noted as dry. However, the contour plots demonstrate the following: 

 The perched aquifer is typically dry post summer however, TRH in the perched aquifer is 
at very low concentrations (TRH >C10-C40 120 µg/L -150 µg/L). 

 

Plate 8 Contour plot of TRH F3 >C16-C34 in 2019 in the perched aquifer 

 The TRH plume in the superficial aquifer is concentrated at 0967_MW165 west of VST1 
indicated to be (TRH >C10-C40 1190 µg/L in April 2019) and decreased in concentration 
from 2018 to 2019. 
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Plate 9 Contour plot of TRH F2 >C10-C16 in 2018 (left) and 2019 (right) in the 

superficial aquifer 

Spatio-temporal trend analysis 

Graphical time-series plots of TRH concentrations were generated using GWSDAT to analyse 
temporal trends of dissolved phase concentrations however proved less useful as the dataset 
was discontinuous, each monitoring location only having one or two monitoring events in total.  

Mann-Kendell analysis was undertaken on each TRH dataset at each groundwater monitoring 
well location where detectable concentrations of TRH were identified. The statistical significance 
of the trend is assessed by means of obtaining a p-value. If the p-value is obtained below 0.05, 
then the sample population is deemed to be statistically significant.  

Note, the LOR value was used for non-detects, which offer a more conservative trend (as 
opposed to a zero value or adopting half the LOR), which can affect statistical confidence.  

Where a p-value above 0.05 is identified for the sample population, then the data should be 
interpreted as meaning that that a statistically significant trend is not present. Notwithstanding 
the above, evidence of declining or increasing trends may still be deduced by qualitative 
professional judgement of the time-series data in the well trend plots. 

Given the discontinuity of the dataset, all generated plots containing only two data points failed 
the Mann-Kendall test. The plots are not provided in this report as they are considered not 
beneficial to the overall assessment.  

Secondary lines of evidence 

Secondary evidence of natural attenuation can be demonstrated by evaluation of various 
geochemical indicators of biodegradation, including depletion of electron acceptors such as DO 
(aerobically), and nitrate, sulfate and carbon dioxide (anaerobically) with consequent increases 
in concentrations of degradation by-products, including ferrous iron and methane. 

Secondary lines of evidence of hydrocarbon degradation were evident within the perched and 
superficial aquifers based on the assessment of the March-May 2018 GME and April 2019 GME 
datasets. The findings are discussed in the following sections. 

Electron acceptors - Perched aquifer 

Two wells screened in the perched aquifer we able to be sampled in both 2018 and 2019. 

Redox - Redox potential in 0967_MW164 was negative and representative of mildly reducing 
and therefore low-energy anaerobic conditions in 2018 and 2019. Positive redox was recorded 
at upgradient 0967_MW162. 
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DO, Nitrate, Sulfate – Dissolved oxygen, nitrate and sulfate were all reduced in the perched 
aquifer in the presence of TRH concentrations. Conversely, upgradient well 0967_MW162 
recorded higher dissolved oxygen, nitrate and sulphate levels in the absence of TRH. 

Electron acceptors – shallow regional aquifer 

Redox - Redox potential within the superficial aquifer was generally reported as positive 
however a number of locations could not be measured due to lack of available sample volume 
from dry wells. A strongly reducing redox was however measured at 0967_MW006 in 2018 also 
associated with high TRH concentration. 0967_MW006 was recorded as dry in 2019. 

DO – Concentrations of DO in the superficial aquifer were generally moderate (0.64 mg/L to 
2.07 mg/L) and notably anaerobic (less than 0.19 mg/L) in 0967_MW006 in 2018 also 
associated with high TRH concentration.  

Nitrate – Nitrate in the superficial aquifer was depleted in all locations regardless of TRH 
concentration or plume location and do not adequately represent nitrate reduction during natural 
attenuation. 

Sulfate – Concentrations of sulfate were generally moderate to high (168 mg/L to 1160 mg/L in 
the superficial aquifer however were notably depleted at 0967_MW006 in 2018 also associated 
with high TRH concentration.  

Degradation by-products – Ferrous iron and methane 

Perched aquifer – Concentrations of ferrous iron and methane were notably higher in the 
perched aquifer in the presence of TRH at 0967_MW164 and conversely, ferrous iron and 
methane were not reported above LOR in the upgradient well 0967_MW162.  

Superficial aquifer – Concentrations of ferrous iron and methane were notably higher in the 
superficial aquifer in the presence of high TRH concentrations and otherwise generally not 
reported above the LOR.  

Plume degradation summary 

Primary and secondary lines of evidence for natural attenuation processes demonstrate the 
following: 

 Statistically derived and qualitative trends for TRH were not achievable with the dataset 
which was observed to be discontinuous due to dry wells in the post summer monitoring 
rounds. 

 No notable TRH concentrations in the perched aquifer. 

 Absence of any significant TRH concentrations in outermost downgradient perimeter 
wells in the superficial aquifer (below the LOR). 

 Consumption of dissolved oxygen, nitrates (perched only), sulfate and the presence of 
degradation by-products ferrous iron and methane in the perched and superficial 
aquifers, which provides a further line of evidence for degradation of TRH in the 
groundwater. 

10.20.6 Surface water laboratory results 

Of the four proposed surface water sampling locations in drainage channels located in close 
proximity to the AVTUR Farm, only one was found to have sufficient surface water for sampling 
(0967_SW103) post summer (April 2018). Surface water analytical results from 0967_SW103 
post summer and post winter (September 2018) are compared against the relevant assessment 
criteria Table L20-2 (Appendix L). Results confirm that the following CoPC in surface water were 
all below LOR: 
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been impacted by PAH with all PAH concentrations below LOR indicating impacts from the 
Former Fuel Farm are localised to this area. 

 There is also potential for Base workers to be exposed to impacted sediments (exceeding 
HIL-D/RSL) at 0967_SD103 and 0967_SD104 during maintenance activities such as 
clearing of obstructed drainage channels.  

Surface water 

 PAHs were not detected above LOR in the surface water albeit being elevated and 
exceeding the majority of ILs in the corresponding sediment sample.  

 The surface water sample which was collected downstream of the New AVTUR Fuel Farm 
and also receiving run-off from the Former Fuel Farm reflected a similar metal 
concentration profile to the sediment with elevated chromium and zinc exceeding 
freshwater ILs and also the presence of nickel and arsenic.  

 Arsenic, chromium, nickel and zinc impacts were not reported in the proximal downstream 
sample location in the Ki-It Monger Brook (0967_SW152), indicating onsite impacts to 
surface water are not being transported off site or are sufficiently diluted at the receiving 
surface water body. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the New 
AVTUR Fuel Farm is likely to discharge to the Ki-It Monger Brook in the south east. 
Groundwater at the property is not used for any purpose. Surrounding properties use the 
water for drinking, domestic/household uses including irrigation and showering. 

 The majority of CoPC concentrations in groundwater were below the relevant ILs. Provided 
the land-use scenario is retained and groundwater is not abstracted for any purpose, the 
groundwater quality - including where human health ILs are exceeded (nickel exceeding 
drinking water ILs) - does not pose a risk of impact to property users. 

 Elevated hydrocarbon concentrations (TRH C10-C34 though not exceeding ILs) were 
reported at 0967_MW006 (5.8 mg/L) and 0967_MW165 (4.03 mg/L) beneath unsealed 
ground south west of the AVTUR fuel farm in 2018 but were reduced in 2019 sampling to 
1.19 mg/L at 0967_MW165 and 0967_MW006 reported as dry. The extent of the TRH 
plume in this area is adequately delineated by the existing well network however the 
source is not known.  

 Further lines of evidence based assessment and trend analysis have indicated the 
potential for MNA to be occurring however the dataset is could be enhanced with further 
sampling. 

10.20.8 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.20.9 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Soils are not considered to pose a contamination risk to receptors under current site usage. 
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 Provided the land-use scenario is retained and groundwater is not abstracted for any 
purpose, the groundwater quality - including where human health ILs are exceeded (nickel 
exceeding drinking water ILs) - does not pose a risk of impact to property users. 

 A TRH plume is present beneath unsealed ground on the western side of the CSR 
boundary south of the separator system and west of VST 1. Although delineated by the 
current well network, the source of the plume (subsurface leak or aboveground spill) is not 
known. Information regarding the source of the TRH plume should be sought and if deemed 
required, further soil and groundwater investigations in this area should be undertaken such 
as installation of another monitoring well near where the water from the puraceptor is 
discharged. 

 MNA assessment supports the occurrence of degradation of TRH in the groundwater. 

 It is recommended monitoring at the AVTUR fuel farm continues into the future whilst the 
AVTUR fuel farm remains active and incorporates post winter sampling to reduce the 
impact that dry wells have on the value of the dataset. 
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concentrations of copper in shallow and surface soils across the balance of the former 
small arms range do not indicate a contamination risk to ecological receptors. 

Sediment 

 Sediment sample 0967_SD133 reported concentrations of metals (arsenic, mercury and 
zinc) exceeding ISQG low criteria, ISQG high criteria (zinc), EIL criteria (zinc) and ESL 
criteria (TRH). These concentrations are also elevated above background levels. 

 Given the lack of credible sensitive benthic communities in the drains of the site, it is 
considered unlikely they would experience adverse chronic biological effects from the 
elevated CoPC levels. A credible terrestrial ecological receptor is also not present on the 
site and therefore the elevated CoPC do not present a risk to terrestrial ecological 
receptors. Furthermore, the elevated CoPC concentrations are reduced or not present 
further down-stream (0967_SD132), indicating the impact in the drain is localised and also 
unlikely to migrate toward the Ellen Brook. 

Surface water 

 The majority of CoPC concentrations in surface water downstream of the small arms range 
were reported below LOR or the relevant ILs.  

 Zinc concentrations exceeded the freshwater ILs and upstream surface water 
concentrations however were within background groundwater quality ranges. Zinc impacts 
at downstream locations were significantly reduced (0967_SW112) and at lower 
concentrations than upstream Ellen Brook concentrations. 

Groundwater 

 Based on the interpolated groundwater flow direction, groundwater beneath the former 
small arms range is likely to discharge to the Ellen Brook in the west. Groundwater at the 
property is not used for any purpose. Surrounding properties use the water for drinking, 
domestic/household uses including irrigation and showering. 

 The majority of CoPC concentrations in groundwater tested in the south west corner of the 
former small arms range CSR boundary were below the relevant ILs. Given the 
groundwater flow direction is likely to be west, a comment cannot be provided regarding 
the impact to groundwater from the former small arms range footprint.  

 Groundwater further down-gradient around the Sewage Treatment Plant however does not 
display distinct impacts from the former small arms range CoPC such as copper and lead 
which indicates if impacts are present beneath the small arms range, they are localised 
and not present at concentrations downgradient that would pose a risk to receptors.  

10.21.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86, Section 10.22. 

10.21.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Concentrations of elevated CoPC detected in soil, sediment, surface water and 
groundwater do not pose a risk to property users under the current land-use scenario nor 
are they likely to migrate to the sensitive ecosystem of the Ellen Brook given the distance 
(greater than one kilometre). 
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 The soil, sediment, surface water and groundwater data does however indicate that the 
former small arms range activities had an impact, albeit minor, on the environment. 

 Further investigation or monitoring of groundwater is considered not required. 

 The primary source of metals (bullets and bullet fragments in the bullet catcher, an area of 
approximately 20 m by 10 m to a depth of 0.5 m bgl) should be removed/deleaded and 
validated to reduce ongoing contribution of metals impacts to soil and groundwater after 
which it can be archived from the CSR database. 
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10.22 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 86 and graphically in Figure 38
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11.2 Site wide - Surface water and sediment in on-site drainage 

channels 

11.2.1 Summary of data gaps 

No previous holistic assessment has been undertaken of potential contamination risk to surface 
water and sediment within the surface water drainage channel networks located on and 
immediately surrounding 3TU. 

An assessment of the potential contamination status of the drainage channel network (within 
and immediately surrounding the 3TU property boundaries) was considered necessary given 
the range of CoPCs and existing contamination on the property and the potential to impact 
surface water which subsequently discharges to the Ellen Brook - Upper Swan catchment 
(ecologically sensitive surface water receiving body) located approximately 3.5 km east of the 
formerly built-up area of the property.  

11.2.2 Sediment 

Sediment samples were collected at locations up and downstream of the CSR locations at 3TU 
over three sampling events – six samples (0965_SD101 to 0965_SD106) in March 2018 
(reflective of post-summer conditions), repeat sampling at two locations 0965_SD101 and 
0965_SD102 in September 2018 (reflective of post winter conditions) and 17 samples across 
the property in March 2019. The sediment samples collected in 2019 were primarily analysed 
for PFAS only. 

Sediment results from drainage channels considered to be receptors for individual CSRs are 
presented in the relevant CSR results sections below. As some sediment locations are located 
in areas generally considered up-stream or down-stream of the property as a whole, these 
results are summarised below and summary tables presented in Tables M 2-1, M2-2 and M2-3 
(Appendix M). 

Key observations and findings 

Sediment samples collected across the property were generally collected from dry surface water 
drains or stagnant pools and therefore considered as not representative of conditions which 
would support an ephemeral benthic ecosystem. The results can however indicate presence or 
absence of CoPCs which have accumulated via surface run-off in these areas. 

CoPCs comprising BTEX-N, phenols, phthalates, organophosphate pesticides, herbicides and 
fungicides, PCBs, explosives and the majority of organochlorine pesticides were not reported 
above the LOR in any of the sediment samples across 3TU. 

 Analytical results for four samples collected from up and downstream locations in March
2018 reported a range of TRH fractions at concentrations exceeding ESLs for areas of
ecological significance (at all four locations) and urban residential (including at upgradient
location 0965_SD101). Repeat sampling undertaken in September 2018 included Silica Gel
Clean Up (SGCU) of samples from 0965_SD101 and 0965_SD102. Results after SGCU
were well over an order of magnitude lower indicating that the detections were likely related
to presence of organic matter or polar (non-petrogenic) compounds and are considered
unrelated to historical operations at the area.

 PFAS analytical results from 2019 indicated 15 of the 17 sediment samples reported PFAS
(sum of total) at concentrations above LOR, however below adopted assessment criteria.

In 2018 and 2019 PFAS was detected above residential health guidelines in one sediment 
sample (0965_SD105) collected from the vicinity of the asphalt stockpile area, although 
concentrations decreased to below guideline criteria at the downstream sample location 
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(0965_SD106) delineating the extent of impact to the immediate vicinity of the PCSR. Analytical 
results for one sediment sample (0965_SD116) collected downstream of all 3TU CSRs in April 
2019 reported PFAS (sum of total) at a concentration of 9.3 µg/kg, above the PFAS NEMP 2018 
Human Health Residential guideline criteria for accessible soil.  

 Although no sediment samples were collected down stream of 0965_SD116 during the 
current Stage 2 DSI, the recent PFAS OMP first flush surface water and sediment sampling 
assessment (GHD 2019) included results for a sediment sample (0965_SD058) collected 
approximately 2.3 km downstream from 0965_SD116 (the nearest down gradient sample 
location). Analytical results for SD058 reported PFAS (sum of total) below the LOR and ILs. 
The elevated PFAS concentrations detected in upstream sample 0965_SD116 are 
therefore considered to be adequately delineated in a down stream direction.  

11.2.3 Surface water 

As indicated in Figure 33A, surface water samples were collected at locations up and 
downstream of the CSR locations at 3TU over two sampling events reflective of post winter (6 
samples in September 2018) and post summer (2 samples in March 2019) conditions. The 
surface water samples collected in 2019 were primarily analysed for PFAS only. 

Surface water results from drainage channels considered to be receptors for individual CSRs 
are presented in the relevant CSR results sections below. As some surface water locations 
were located in areas generally considered up-stream or down-stream of the property as a 
whole, these results are summarised below and reported in more detail in Tables M3-1 and 
M3-2 (Appendix M). 

Key observations and findings 

 The majority of sample locations in both sampling events were observed to be dry. At 
locations where surface water was present it was noted that the water was generally 
stagnant and not representative of conditions which would support an ephemeral aquatic 
ecosystem. Therefore it is considered nutrients, biological and physicochemical parameter 
results are unlikely to provide valuable insight into the quality of surface water entering and 
exiting the property as these parameters are highly influenced by depleted oxygen in 
stagnant water. 

 Analytical results for samples collected from up and downstream locations in September 
2018 did not report any significant variation in CoPC concentrations for metals and only two 
locations (0965_SW104 upstream and 0965_SW103 downstream) reported minor TRH 
concentrations. Upstream location 0965_SW104 reported a trace toluene concentration (4 
µg/L). 

 Analytical results for one surface water sample (0965_SW115) collected from downstream 
in April 2019 reported PFAS (sum of total) at a concentration of 0.08 µg/L, with sum of 
PFHxS and PFOS above the PFAS NEMP 2018 Health Drinking Water guideline, and 
PFOS (0.03 µg/L) above the NEMP 99 % protection level (0.00023 µg/L) but below the 
95 % protection level (0.13 µg/L).  

Although no surface water samples were collected down stream of 0965_SW115 during the 
current Stage 2 DSI, the recent PFASIMB first flush surface water and sediment sampling 
assessment (GHD 2019) included results for a surface water sample (SW058) collected 
approximately 2.3 km downstream from 0965_SW115 and approximately 600 m upstream 
of the point of discharge to the Ellen Brook. Analytical results for SW058 reported PFAS 
(sum of total) at a concentration of 0.01 µg/L, equal to the LOR, below the 95 % freshwater 
guideline, but above the 99 % freshwater guideline. The significantly lower PFAS 
concentration detected in down stream surface water sample SW058 indicates the potential 
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risk of impact to the nearby sensitive ecological receptor is low, however further sampling 
between SW115 and SW058 during periods of flow would be required to further understand 
the distribution and flow of PFAS compounds in surface water. Ecological risk associated 
with PFAS impact to the Ellen Brook has also been extensively assessed by the PFASIMB. 

11.2.4 Key outcomes 

Whilst the results of surface water and sediment sampling undertaken across the property 
indicate localised impacts to drainage features, impacts are either delineated in a downstream 
direction or reported at concentrations which do not indicate chronic risk to human health or the 
aquatic ecosystem of the nearby ecologically sensitive surface water receiving bodies (the Ellen 
Brook – Upper Swan catchment). Results should be interpreted in conjunction with the 
Ecological Risk Assessment for RAAF Base Pearce (including the Ellen Brook) undertaken by 
PFASIMB. 

Further assessment of surface water (site wide) is considered warranted to more accurately 
assess surface water impacts during periods of flow.  
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11.3 CSR_WA_000019 – Septic Tanks – Sewage Disposal 

11.3.1 Summary of data gaps 

Historical information suggests a septic tank was formerly located to the south of building 58. 

Soil and groundwater investigation considered necessary to assess the current status of 
potential risk/presence of contamination associated with former septic tank use. 

The findings of the 2018 investigation (mobilisation 1) identified hydrocarbon impacted 
sediments within nearby drainage channels. Further investigation into the source and type of 
hydrocarbon impact detected in sediments within nearby drainage features was warranted to 
enable an appropriate assessment of potential risk to ecological receptors.  

All sampling locations within this CSR and sampling rationale are detailed in Section 6.2 and are 
presented in Figure 34A. 

CoPC: Metals, nutrient, pathogens, asbestos, PFAS, dioxins. 

11.3.2 Soil laboratory results 

Soil samples were collected at three borehole locations and one monitoring well location. Soil 
analytical results for the septic tank area are compared against the relevant assessment criteria 
in Tables M4-1 and M4-2 (Appendix M). Results confirm that the following CoPC in soils were 
all below LOR within the CSR: 

 Metals (arsenic, cadmium, copper, lead, mercury, nickel) 

 Nutrients (ammonia as N, nitrite as N) 

The following CoPC were detected above the LOR but were below the applied guidelines: 

 Metals (chromium, zinc) 

 Nutrients (nitrate as N, total nitrogen, TKN, phosphorus (total)) 

 Faecal coliforms (no applicable guideline value) 

Asbestos in soil 

Soil samples were collected at three borehole locations and one monitoring well location at 
varying depths to assess for the presence or absence of asbestos in soil. Results indicate that 
no asbestos was identified in any of the soil samples analysed. 

11.3.3 Groundwater laboratory results 

Groundwater analytical results for the septic tank area were compared against the relevant 
assessment criteria in Tables M1-1, M1-2 and M1-3 (Appendix M). Results confirm that the 
following CoPC in groundwater were all below LOR within the CSR: 

 Metals (arsenic, cadmium, lead, mercury) 

 Nutrients (nitrate as N, nitrite as N, nitrogen (total oxidised) as N) 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (nickel, zinc)  

 Nutrients (ammonia as N, nitrogen, TKN) 

 Faecal Coliforms 

 PFAS (PFOS) was detected at 0965_MW104 
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 Excluding phosphorus, all concentrations of CoPC exceeding ecological investigation 
levels were reported below or marginally above the established background 
concentrations, and are therefore considered to be reflective of ambient conditions and not 
likely to pose significant impact or risk to ecological receptors. 

 Phosphorus was detected in groundwater above the Irrigation - long-term (health) trigger 
values, indicating a risk to human health via use of groundwater for irrigation (incidental 
ingestion). 

 Faecal coliforms were detected in groundwater above the drinking water (health) guideline, 
indicating a risk to human health in the case of consumption of groundwater. The extent of 
the impact is undelineated, although would be expected to be localised based on the length 
of time since the septic tank was in use and associated biodegradation processes in the 
subsurface environment. 

Sediment 

 A range of TRH fractions were reported in four sediment samples collected both upgradient 
and down-gradient of the CSR with concentrations exceeding ESLs for areas of ecological 
significance (at all four locations) and urban residential (at upgradient location SD101 only). 
SGCU indicated the source of the TRH impact is likely representative of organic matter 
present in the drainage channels. 

 PFAS (Perfluorobutane sulfonic acid (PFBS) and Perfluorooctane sulfonic acid (PFOS)) 
were detected above LOR in sediment samples 0965_SD101 and 0965_SD102 collected 
from drainage channels located upgradient of the CSR area. The source of low level PFAS 
impact is not known, however is well below applicable guidelines. 

Surface water 

 Concentrations of chromium, copper and zinc were reported above freshwater ILs in in all 
four surface water samples collected from drainage channels located upgradient and 
down-gradient of the CSR area. Concentrations of chromium were reported marginally 
above IL criteria are therefore considered not to indicate significant impact or risk to the 
ecological environment.  

 The source of heavy metals (copper and zinc) impact has not been identified. 

 Low level TRH impacts were detected above LOR, but below applicable guideline criteria in 
surface water samples 0965_SW103 and 0965_SW104 collected from drainage channels 
located up (0965_SW104) and down hydraulic gradient (0965_SW103) of the CSR area. 
The minor detection is considered likely to indicate the presence of organic material or 
polar compounds within the drainage channel. 

11.3.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102. 

11.3.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 No soil or groundwater impacts have been detected which would pose a risk human health 
receptors under the current land use scenario. However, faecal coliform impacts in soil and 
groundwater as well as phosphorus impacts in groundwater may potentially pose a risk to 
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human health under direct contact, residential, and irrigation land use scenarios. 
Development of a site management plan including restriction on groundwater abstraction 
would be required to manage these risks to future users. 

 No asbestos was detected in soil, however ACM fragments were identified on the soil 
surface at nearby CSR_WA_000080, therefore the potential presence of ACM fragments 
within the wider CSR area (CSR_WA_000080, CSR_WA_000019 and CSR_WA_000103) 
cannot be precluded. 

 Minor detects of TRH in sediments within nearby drainage features is considered likely to 
indicate the presence of organic material or polar compounds within the drainage channel 
and is therefore not considered to pose risk to ecological receptors. 

 Elevated concentrations of copper and zinc detected in surface water within nearby 
drainage features are not considered to pose significant impact or risk to the receiving 
ecological environment. Given the distance to the nearest sensitive ecological receptor (the 
Ellen Brook catchment) (approximately 3.5 km) concentrations are likely to be sufficiently 
diluted at the point of discharge. 

 Any future civil works should be undertaken in accordance with an asbestos management 
plan. 

Defence FOI 536/21/22 
Document 1











 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 257 

 Asbestos fragments were observed on the ground surface in the vicinity of the CSR 
(including adjacent area CSR_WA_000088). Confirmatory analysis of one fragment 
identified the presence of asbestos comprising Chrysotile and Amosite. Although asbestos 
was not reported in any of the soil samples analysed, the potential presence within soil 
across the CSR area cannot be precluded given the known presence of asbestos 
fragments on the ground surface.  

 The results indicate there has not been any significant soil impact from current or historic 
activities and that there is no contamination risk to property users or the environment from 
soils within the CSR area under the current land-use scenario. 

Groundwater 

 Based on the interpolated groundwater contours, groundwater beneath the incinerator area 
flows in an easterly to south-easterly direction, and is likely to discharge to the Ellen Brook 
located approximately 3.5 km to the east/south-east. Groundwater at the property is not 
abstracted or used for any purpose. Surrounding properties (more than two kilometres east 
of area) may abstract the water for drinking water, domestic/household uses, irrigation and 
stock watering. 

 Groundwater from well 0965_MW102 (south-east/down gradient of the former incinerator) 
reported PFOS at a concentration of 0.58 µg/L, exceeding the Freshwater 95 % protection 
value (0.13 µg/L) and established background concentration (0.14 µg/L), as well as PFHxS 
+PFOS at a concentration of 0.75 µg/L, exceeding the NEMP Drinking Water guideline 
value (0.07 µg/L) and established background concentration (19 µg/L). The impacts are 
currently undelineated in both an up-gradient and down-gradient direction.  

 Although no groundwater samples were collected down gradient of 0965_MW102 during 
the current Stage 2 DSI, the PFASIMB DSI conducted by GHD in 2018 included results for 
groundwater sampled from down gradient private abstraction bores. The nearest private 
abstraction bores registered for domestic use are located approximately 3.0 km south-east 
(down gradient) of the CSR and approximately 300 m west (up gradient) of the West 
Bullsbrook residential area. Analytical results reported PFAS (sum of total) below the LOR 
of 0.01 µg/L. Based on these findings, the elevated concentrations of PFAS detected in 
groundwater at the Bullsbrook Training Area are not considered likely to represent a 
potential source of impact or exposure risk to down gradient abstraction bore users, 
however further groundwater assessment should be undertaken between the source area 
and receptors to improve understanding of PFAS distribution in the sub-surface.  

 Excluding zinc, copper and PFAS, all concentrations of CoPC exceeding ecological 
investigation levels were reported below or marginally above the established background 
concentrations, and are therefore considered to be reflective of ambient conditions and not 
likely to pose significant impact or risk to ecological receptors. 

 The detection of zinc, copper, PFAS above fresh water ILs indicates potential exposure risk 
to the ecological environment.  

Sediment 

 A range of TRH fractions were reported in four sediment samples collected both upgradient 
and down-gradient of the CSR with concentrations exceeding ESLs for areas of ecological 
significance (at all four locations) and urban residential (at upgradient location SD101 only). 
SGCU indicated the source of the TRH impact is likely representative of organic matter 
present in the drainage channels. 

 PFAS (PFBS and PFOS) were detected above LOR in sediment samples 0965_SD101 
and 0965_SD102 collected from drainage channels located upgradient of the CSR area. 
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The source of low level PFAS impact is not known, however is well below applicable 
guidelines  

Surface water 

 Concentrations of chromium, copper and zinc were reported above freshwater ILs in in all 
four surface water samples collected from drainage channels located upgradient and 
down-gradient of the CSR area. Concentrations of chromium were reported marginally 
above IL criteria are therefore considered not to indicate significant impact or risk to the 
ecological environment.  

 The detection of zinc and copper above fresh water ILs indicates potential exposure risk to 
the ecological environment.  

 Low level TRH impacts were detected above LOR, but below applicable guideline criteria in 
surface water samples 0965_SW103 and 0965_SW104 collected from drainage channels 
located up (0965_SW104) and down hydraulic gradient (0965_SW103) of the CSR area. 
The minor detection is considered likely to indicate the presence of organic material or 
polar compounds within the drainage channel. 

11.4.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102. 

11.4.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 No soil or groundwater impacts have been detected which would pose a risk to human 
health receptors under the current land use scenario.  

 Elevated concentrations of copper and zinc detected in groundwater beneath the CSR area 
are not considered to pose significant impact or risk to the receiving ecological 
environment. Given the distance to the nearest sensitive ecological receptor (the Ellen 
Brook catchment) (approximately 3.5 km) concentrations are likely to decrease to below 
guidance criteria prior to reaching the point of discharge.  

 The detection of PFAS in groundwater exceeding PFAS NEMP 2018 Health Drinking 
Water criteria in 0965_MW102 is undelineated.  The reported concentrations of PFAS are 
however considered to unlikely to currently pose an exposure risk to human health of 
registered abstraction bore users at down gradient properties (nearest 3.0 km down-
gradient) based on sampling results from these abstraction bores indicating no reported 
PFAS above LOR.  There is insufficient data to ascertain whether PFAS may post a risk to 
down-gradient bore users in the future. 

 The detection of PFAS above fresh water ILs in groundwater indicates potential exposure 
risk to the ecological environment and sensitive receptors. Further groundwater 
assessment should be undertaken between the source area and receptors to improve 
understanding of PFAS distribution in the sub-surface.  

 Minor detects of TRH in sediments within nearby drainage features is considered likely to 
indicate the presence of organic material or polar compounds within the drainage channel 
and is therefore not considered to pose risk to ecological receptors. 
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 Elevated concentrations of copper and zinc detected in surface water within nearby 
drainage features are not considered to pose significant impact or risk to the receiving 
ecological environment. Given the distance to the nearest sensitive ecological receptor (the 
Ellen Brook catchment) (Approximately 3.5 km) concentrations are likely to be sufficiently 
diluted at the point of discharge. 

 Further assessment of surface water (site wide) is considered warranted to more 
accurately assess PFAS surface water impacts during periods of flow. Results should be 
interpreted in conjunction with ecological risk assessment undertaken by PFASIMB for 
Pearce (including the Ellen Brook). 

 It is recommended that the groundwater well network be incorporated into an annual 
regional water quality monitoring programme. 

 Any future civil works should be undertaken in accordance with an asbestos management 
plan. 
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11.5 CSR_WA_000081 – South of 3TU – Buried Waste Metals 

11.5.1 Summary of data gaps 

It is understood the area was formerly used for landfilling activities including burial of waste 
metals and concrete footings associated with former aerial farm infrastructure.  

Sampling and assessment of the existing groundwater monitoring well network was considered 
necessary to determine the status of groundwater quality the status of potential risk associated 
with former use as a landfill. 

The findings of the 2018 investigation (mobilisation 1) reported heavy metals impacts (namely 
zinc) within groundwater beneath the CSR area, however the extent of impact was reported as 
undelineated. Additional monitoring was undertaken during the subsequent 2019 investigation 
(mobilisation 2) to confirm the presence of elevated zinc impact in groundwater.  

All sampling locations within this CSR and sampling rationale are detailed in Section 6.2 and 
presented in Figure 35A. 

CoPC: Metals, TRH, PAHs, VOCs, PFAS 

11.5.2 Groundwater laboratory results 

Groundwater analytical results for the buried waste material CSR area were compared against 
the relevant assessment criteria in Tables M1-1, M1-2 and M1-3 (Appendix M) Results confirm 
that the following CoPC in groundwater were all below LOR: 

 Metals (mercury) 

 TRH 

 PAHs 

 VOCs 

 PFAS 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (arsenic, cadmium, lead, nickel) 

Table 95 provides a summary of the groundwater analytical results which exceeded the adopted 
screening guidelines. A graphical representation of the distribution of groundwater impacts is 
presented on Figure 35B and C. 

Defence FOI 536/21/22 
Document 1





 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 262 

11.5.5 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 Groundwater beneath the landfill indicates a likely contribution to metals impacts (copper 
and zinc) from historic landfilling activities. The extent of impact is undelineated beyond the 
boundary of the CSR area. 

 Further groundwater investigation including installation of additional monitoring wells down 
hydraulic gradient of the CSR area is considered warranted to adequately assess the 
extent of metals impact and potential for migration to the Ellen Brook. 

 It is recommended that the groundwater well network be incorporated in to an annual 
regional water quality monitoring programme. 
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 Groundwater from 0965_MW103 (south/down gradient of former building 58) reported
PFOS at a concentration of 0.01 µg/L, above the Freshwater 99 % protection value
(0.00023 µg/L), however below the upgradient/‘background’ concentration (0.14 µg/L).

 Excluding copper and zinc, all concentrations of CoPC exceeding ecological investigation
levels were reported below or marginally above the established background
concentrations, and are therefore considered to be reflective of ambient conditions and not
likely to pose significant impact or risk to ecological receptors.

 The detection of copper and zinc above fresh water ILs in 0965_MW103 indicates potential
exposure risk to the ecological environment.

 Low level TRH impacts were detected in groundwater below applicable guidelines at
monitoring well 0965_MW103. The source may related to be the former U/ASTs, or may
indicate the presence of organic material or polar compounds. The detection of low level
TRH is not considered to pose a risk to current or future users and therefore further
assessment is not considered warranted.

Sediment 

 A range of TRH fractions were reported in four sediment samples collected both upgradient
and down-gradient of the CSR with concentrations exceeding ESLs for areas of ecological
significance (at all four locations) and urban residential (at upgradient location
0965_SD101 only). SGCU indicated the source of the TRH impact is likely representative
of organic matter present in the drainage channels.

 PFAS (PFBS and PFOS) were detected above LOR in sediment samples 0965_SD101
and 0965_SD102 collected from drainage channels located upgradient of the CSR area.
The source of low level PFAS impact is not known, however is well below applicable
guidelines.

Surface water 

 Concentrations of chromium, copper and zinc were reported above freshwater ILs in in all
four surface water samples collected from drainage channels located upgradient and
down-gradient of the CSR area. Concentrations of chromium were reported marginally
above IL criteria are therefore considered not to indicate significant impact or risk to the
ecological environment.

 The source of heavy metals (copper and zinc) impact has not been identified.

 Low level TRH impacts were detected above LOR, but below applicable guideline criteria in
surface water samples 0965_SW103 and 0965_SW104 collected from drainage channels
located up (0965_SW104) and down hydraulic gradient (0965_SW103) of the CSR area.
The source may related to be the former USTs/ASTs, or may indicate the presence of
organic material or polar compounds.

11.6.7 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102. 

11.6.8 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 
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 With the exception of asbestos, no other soil or groundwater impacts have been detected
which would pose a risk to human health receptors under the current land use scenario.

 Elevated concentrations of copper and zinc detected in groundwater beneath the CSR area
are not considered to pose significant impact or risk to the receiving ecological
environment. Given the distance to the nearest sensitive ecological receptor (the Ellen
Brook catchment) (approximately 3.5 km) concentrations are likely to be sufficiently diluted
at the point of discharge.

 Minor detects of TRH in sediments within nearby drainage features is considered likely to
indicate the presence of organic material or polar compounds within the drainage channel
and is therefore not considered to pose risk to ecological receptors.

 Elevated concentrations of copper and zinc detected in surface water within nearby
drainage features are not considered to pose significant impact or risk to the receiving
ecological environment. Given the distance to the nearest sensitive ecological receptor (the
Ellen Brook catchment) (approximately 3.5 km) concentrations are likely to be sufficiently
diluted at the point of discharge.

 It is recommended that the groundwater well network be incorporated in to an annual
regional water quality monitoring programme.

 Any future civil works should be undertaken in accordance with an asbestos management
plan.

Defence FOI 536/21/22 
Document 1



 

GHD | Report for Department of Defence - 0967 Bullsbrook RAAF Pearce Base and 0965 Bullsbrook Training Area/3TU 

DSI, 613623406 | 269 

11.7 PCSR_0965_001 – Potential Former Fire Extinguisher 

Training Area 

11.7.1 Summary of data gaps 

Anecdotal evidence suggests fire extinguishers were historically used in this area and 
inferences have also been made which indicate the AFFF may have been transported to the 
area by the Bush Fire Brigade. However, it is unknown whether this foam was discharged at 
3TU. 

Investigation of soil and groundwater was therefore considered necessary to determine the 
status of soil and groundwater quality and assess the status of potential risk associated 
potential former use as an AFFF discharge area. 

All sampling locations within this CSR and sampling rationale are detailed in Section 6.2 and are 
presented in Figure 36A. 

CoPC: PFAS 

11.7.2 Soil laboratory results 

Soil samples were collected at 11 soil bore locations. Soil analytical results were compared 
against the relevant assessment criteria in Table M7-1 (Appendix M). Results confirm that all 
CoPC in soils were below LOR and did not exceed any of the adopted SILs.  

11.7.3 Groundwater laboratory results 

Groundwater analytical results for the fire extinguisher training area were compared against the 
relevant assessment criteria in Tables M1-1, M1-2 and M1-3 (Appendix M). Results confirm that 
all CoPC in groundwater were below LOR and did not exceed any of the adopted guidelines. 

11.7.4 Discussion 

The interpretation of the results with reference to the investigation objectives and identified data 
gaps is discussed below: 

Soil 

 All CoPC in soils were reported below LOR and did not exceed any of the adopted SILs in 
any of the soil samples analysed.  

Groundwater 

 All CoPC in groundwater were reported below LOR and did not exceed any of the adopted 
GILs in any of the groundwater samples analysed.  

11.7.5 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102. 

11.7.6 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 No soil or groundwater impacts have been detected that are considered to pose a risk to 
ongoing or future land-uses under the current land use scenario. 
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 The potential fire extinguisher training area is considered suitable for ongoing use from a 
contamination risk perspective with no ongoing requirements for management or 
monitoring and as such should be archived from the CSR database. 
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11.8 PCSR_0965_002 – Asphalt Stockpile Area 

11.8.1 Summary of data gaps 

Potential for contamination associated with leachable contaminants within the asphalt and the 
source of the stockpiled asphalt (from RAAF Base Pearce runway resurfacing works) and 
potential contaminants of concern associated with runway use. Additionally, due to the known 
use of AFFF on runways at RAAF Base Pearce, the potential exists for PFAS contamination of 
soil surrounding the stockpile via leaching contaminants from the asphalt material. 

Investigation of soil was considered necessary to determine the current status of potential risk 
associated with leachable contaminants within the asphalt. 

All sampling locations within this PCSR and sampling rationale are detailed in Section 6.2 and 
are presented in Figure 37A. 

CoPC: Metals, TRH, PAHs, asbestos, PFAS 

11.8.2 Soil laboratory results 

Soil samples were collected at six soil bore locations. In addition, two asphalt samples were 
collected for PFAS analysis. Soil and asphalt analytical results for the asphalt stockpile area are 
compared against the relevant assessment criteria in Tables M8-1, M8-2 and M8-3 (Appendix 
M). Results confirm that the following CoPC in soils were all below LOR within the CSR: 

 Metals (arsenic, cadmium, copper, mercury, nickel) 

 TRH (excluding F3 (>C16-C34 fraction), F4 (>C34-C40 fraction), >C10-C40 (sum of total)) 

 VOCs 

 SVOCs 

The following CoPC were detected (typically slightly) above the LOR, but were below the 
applied guidelines: 

 Metals (chromium, lead) 

 TRH (F3 (>C16-C34 Fraction), F4 (>C34-C40 Fraction), >C10-C40 (Sum of Total)) 

 PAHs (excluding benzo(a)antracene, BaP, dibenz(a,h)anthracene, and indeno(1,2,3-
c,d)pyrene) 

 PFAS (PFHxS, PFOS) 

Table 100 provides a summary of the soil analytical results which exceeded the adopted SILs.  
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 There may however be a requirement for future monitoring pending results of soil validation 
subsequent to the validation testing of soil underlying the asphalt sockpile (recommended 
to be removed).   

 

Sediment 

 PFAS was detected above the NEMP Health Residential guidelines for accessible soil in 
sediment sample 0965_SD105 collected from a drainage channel located to the south west 
of the CSR area. Concentrations were reported below guideline criteria at downgradient 
location SD106 which indicates delineation of PFAS impact within the drainage channel 
and does not warrant further investigation. 

Surface water 

 No surface water samples were collected from the drainage channels located in close 
proximity to the asphalt stockpile area due to there being insufficient water volume 
available at the time of sampling. 

11.8.6 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102. 

11.8.7 Key outcomes 

The key outcomes of the investigation with regards to whether identified data gaps are 
considered to have been adequately addressed or require further investigation are outlined 
below: 

 No contamination impacts have been detected which would pose a risk to ecological or 
human health receptors under the current land use scenario. 

 The detection of PFAS and PAHs in surface soil poses a potential risk to future land users 
under more sensitive land use scenarios. The asphalt material and surface soil beneath 
and surrounding the asphalt stockpile should be removed and underlying soil validated.  
Groundwater monitoring may be required pending the results of the validation testing. 
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11.9 Refined conceptual site model 

A tabulated refined CSM has been developed in light of the findings of the Stage 2 DSI, and is 
presented in Table 102 and graphically in Figure 38B. 
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A Risk Banding has been subsequently determined for each CSR/PCSR location based on the 
highest Risk Level of the Risk Levels of the Risk Dimensions. Details of the CRAT inputs and 
outputs is provided in Appendix Q, with a summary of the outcomes provided below. Following 
Defence endorsement, the outcomes of the risk assessment will be finalised.  

Comparison of the CRAT risks rankings allocated to each CSR/PCSR pre- and post- Stage 2 
investigations undertaken during Mobilisation 1 (2018) and Mobilisation 2 (2019) are outlined in 
Table 104.  
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13. Conclusions 

13.1 RAAF Base Pearce 

This Stage 2 DSI has resolved the majority of the data gaps that existed in the CSM 
understanding. The collective soil and groundwater interpretation and property-wide risk 
evaluation outcomes indicate that the property is suitable for the ongoing current use subject to 
the considerations provided below and the recommendations provided in Section 14. 

Conclusions associated with each CSR investigated including recommended updates to the 
CSR records are summarised in Table 105.  
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13.2 3TU 

This Stage 2 DSI has resolved the majority of the data gaps that existed in the CSM 
understanding. The collective soil, groundwater, surface water, and sediment interpretation and 
property-wide risk evaluation outcomes indicate that the property is suitable for the ongoing 
current use and for potential future mixed land-use including residential development subject to 
the considerations provided below and the recommendations provided in Section 14. 

Conclusions associated with each CSR/PCSR investigated including recommended updates to 
the CSR records are summarised in Table 106.  

Our interpretation of the results - and those obtained by PFASIMB (GHD 2018b) - suggests that 
the PFAS contamination detected at 3TU is unlikely to be the source of PFAS detected in 
groundwater at the West Bullsbrook residential area and the Ellen Brook due to the following 
considerations: 

 The groundwater and surface water level data obtained during the PFASIMB 
investigations suggests that the Ellen Brook is both receiving from and discharging to 
groundwater. 

 The most likely mechanisms by which the PFAS has migrated to the private bores in the 
West Bullsbrook residential area was reported to be primarily from the discharge of 
impacted surface water from the Ellen Brook to the underlying groundwater, particularly 
following flood events or sustained rainfall and secondarily, groundwater migration from 
RAAF Base Pearce. 

 Further, anecdotal evidence in relation to flooding and drainage within the area 
suggests that surface water levels within the Ellen Brook and nearby backwater flooding 
may be significant factors in contributing to changes of PFAS concentrations in 
groundwater at West Bullsbrook over time. 
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14. Recommendations 

14.1 Further groundwater and surface water assessment 

Based on the outcomes of the Stage 2 DSI, the following recommendations for further 
groundwater and surface water assessment have been made.  

14.1.1 Installation of additional groundwater monitoring wells  

Installation of additional groundwater monitoring wells is considered warranted to assess the 
extent of undelineated impacts and associated exposure risk identified at the following CSRs: 

RAAF Base Pearce 

 CSR_WA_000151 (Grounds Maintenance Area) – installation of two additional monitoring 
wells to the north of 0967_MW112 and 0967_MW243 to adequately delineate the 
upgradient reaches of the TCE plume and one additional well screened at base of 
superficial aquifer within source zone to determine potential for DNAPL presence.. 

 CSR_WA_000106 (Sewage Treatment Plant) - installation of additional monitoring wells 
down gradient of the STP adequately assess the extent of E.coli and copper impacts and 
potential for migration to the Ellen Brook. 

 PCSR_0967_002 - Further investigation is warranted into the source (subsurface leak or 
aboveground spill) of TRH impacts to groundwater at the AVTUR fuel facility including the 
installation of an additional well at the puraceptor discharge point. 

3TU 

 CSR_WA_000081 (Buried Waste Metals – 0.75 km south of 3TU) - installation of additional 
monitoring wells down hydraulic gradient of the CSR area to adequately assess the extent 
of metals impact and potential exposure risk to ecological receptors. 

 Former workshop area - Further groundwater assessment should be undertaken between 
the former workshop area and down-gradient receptors to improve understanding of PFAS 
distribution in the sub-surface. 

14.1.2 Ongoing groundwater monitoring program 

Development of an ongoing groundwater monitoring program of select groundwater wells at 
RAAF Base Pearce and 3TU is recommended to monitor existing impacts and risks to 
receptors. Groundwater monitoring wells at the following CSRs are recommended for inclusion 
in ongoing monitoring programs:  

RAAF Base Pearce 

 CSR_WA_000110 (Former Fuel Farm) 

 CSR_WA_000117 (Former Service Station) 

 CSR_WA_000106 (Sewage Treatment Plant) 

 CSR_WA_000084 (Sounness Rd landfill) 

 CSR_WA_000107 (Former Fire Training Area 1960s) 

 CSR_WA_000151 (Grounds Maintenance Area) 

 CSR_WA_000160 (Hangar 95) 

 PCSR_0967_002 (New AVTUR Fuel Farm) 
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3TU 

 CSR_WA_000080 (Incinerator – North of 3TU Workshop)

 CSR_WA_000081 (Buried Waste Metals – 0.75 km south of 3TU)

It should be noted that groundwater monitoring may be required pending results of validation of 
underlying soil at the Asphalt Stockpile Area (PCSR_0965_002). 

14.1.3 Surface water sampling 

Further assessment of surface water is considered warranted to more accurately assess 
surface water impacts during periods of flow at the following CSRs:  

RAAF Base Pearce 

 CSR_WA_000106 (Sewage treatment plant) – Collection of surface water samples from
within the Ellen Brook (down gradient of 0967_MW223) to assess the potential
concentrations of E.coli and metals at the point of discharge to the receiving ecological
receptor.

3TU 

 Site wide assessment of surface water in drainage channels within and surrounding 3TU to
adequately characterise surface water quality during periods of flow.

14.2 Contamination management/risk mitigation activities 

Based on the outcomes of the Stage 2 DSI, the following recommendations for remediation 
works and contamination risk mitigation and management controls have been made: 

14.2.1 Remediation works 

RAAF Base Pearce 

 Remediation/validation of impacted sediment in the drainage channel adjacent to
CSR_WA_000110 (Former Fuel Farm), estimated to be a volume of up to 75 m3 (150 m by
1 m wide by 0.5 m deep).

 Removal/deleading of the bullet catcher at PCSR_0967_003 (Former 25 m Small Arms
Range), estimated to comprise a volume of up to 100 m3 (10 m by 20 m by 0.5 m deep).

3TU 

 The asphalt stockpile should be removed and underlying soil validated in accordance with
waste classification protocols.

 Any redevelopment works in the vicinity of the former workshop area should be undertaken
in accordance with an asbestos management plan and an unexpected finds procedure.

14.2.2 Contamination risk mitigation and management 

RAAF Base Pearce 

 Bund upgrades should be undertaken at ASTs at the ILS 18 and associated Glide Path
CSR_WA_000087 and CSR_WA_000088) and at fuel storage ASTs CSR_WA_000086.

 Development of SMPs for CSR_WA_000109 (Former USTs 240 – 245) and
CSR_WA_000155 (Power Station) to manage residual risks to intrusive workers.
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 Review and improve engineering controls (such as bunding) at the Grounds Maintenance 
Area to prevent further impact to the environment. 

 Sewage treatment and disposal processes and infrastructure at Pearce should be reviewed 
to establish the cause of the E.coli presence in groundwater. 

3TU 

 Development of SMPs for CSR_WA_000080 (Incinerator – north of 3TU workshop) and 
CSR_WA_000019 (Septic tanks – Sewage treatment) to manage residual risks during 
future redevelopment works (if proposed). 
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