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Executive summary

Background

AECOM Australia Pty Ltd (AECOM) was engaged by the Department of Defence (Defence) to
implement the per-and poly-fluoroalkyl substances (PFAS) Ongoing Monitoring Plan (OMP) outlined in
the PFAS Management Area Plan (PMAP) Department of Defence, 2019 at the Royal Australian Air
Force (RAAF) Base Darwin (the base) (Site ID 1302), Northern Territory (NT).

The OMP outlines the rationale and scope for the monitoring of the concentrations and extent of PFAS
in groundwater and surface water originating from the base. The monitoring program consists of
multiple periodic monitoring events to capture groundwater and surface water conditions across both
wet and dry seasons. Sampling under these different climatic conditions provides a better
understanding of the movement and concentrations of PFAS in the environment.

The monitoring program was undertaken within the RAAF Base Darwin PFAS Management Area, as
presented on Figure F1 in Appendix A. The Management Area covers the entire base and selected
off-base areas, including the community of Ludmilla, Darwin, and portions of the surface water systems
of Rapid Creek and Ludmilla Creek.

Within the Management Area there are 11 locations identified as PFAS source areas that represent a
significant source of PFAS contamination as defined in the PMAP. These areas are listed in
Section 2.3 and shown on Figure F1, Appendix A of this report.

Objective

The overarching objective of implementing the OMP is to provide information on changes in the location
and concentrations of PFAS on-base and off-base within the Management Area. The data is used to
assist risk management decisions by Defence to protect human health and the environment, and to
inform the understanding of the effectiveness of remedial actions.

Monitoring program

AECOM completed periodic monitoring of groundwater, surface water and aquatic biota between
November 2020 and June 2023 in general accordance with the sampling and analysis quality plan
(SAQP) developed by AECOM. The monitoring targeted PFAS and included selected locations on-base
and in surrounding off-base areas.

Interpretive analysis

Data collected during the monitoring period were This refers to a number decreasing or

compared to historical data for the included sampling increasing by multiples of ten. For instance,
an increase from 10 to 100 is an order of

locations. . . .
magnitude increase. When assessing
PFAS concentrations within on-base and off-base changes in PFAS concentrations at an
groundwater were generally within the same order of individual location, all concentrations are
magnitude of historical results and within the identified considered when determining trends, but
groundwater plume®. order of magnitude changes are discussed

separately as they represent a significant
change in concentrations from what was
reported in the previous event.

PFAS concentrations were generally lower at off-base
locations than those observed at on-base locations,
consistent with previous results.

If a change is close to established health or
environmental criteria, it will also be
considered significant.

Statistical analysis of the monitoring results for on-base
groundwater locations suggests that PFAS
concentrations were generally stable within the
Management Area, though PFAS may continue to be
mobilised from existing on-base PFAS source areas, moving from PFAS impacted soil into groundwater

1 PFAS contaminant plumes are areas of groundwater with elevated PFAS concentrations that are slowly moving from the source
areas in the same direction that the groundwater flows.
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in the Darwin aquifer?, and into on-base surface waters. Ongoing programs of work are being
undertaken at the base to address on-base PFAS source areas, and remediation was carried out at two
of the 11 on-base source areas during the monitoring period, including the Former fire training area
(FFTA) 1 (Source Area 1) and aqueous film forming foam [AFFF] contaminated soil stockpiles (Source
Area 5).

Additionally, a base wide PFAS investigation is ongoing, which will aim to define additional remedial
works currently proposed for the base, and ongoing monitoring will assess changes to PFAS
concentrations in groundwater following these works.

Groundwater results

Groundwater gauging data indicated that groundwater generally flows radially from the centre of the
base towards the four creeks surrounding the base, with Rapid Creek to the north and Ludmilla Creek
to the west functioning as the primary groundwater flow pathways. Groundwater elevations appeared to
show significant differences between seasons at most monitoring locations (higher in wet season, lower
in dry season). This is consistent with previous observations.

Overall, the groundwater monitoring results do not suggest a change in the understanding of
contamination. The relative stability in the concentrations during the monitoring period within the
Management Area suggests the plume size, particularly the lateral extent (i.e., width) is unchanged.
The following was observed:

e The highest concentrations of PFAS in groundwater continue to be associated with existing on-
base PFAS source areas, with increasing trends at the Former fire training area 1 (FFTA 1) and
Former RAAF fire station. It is, however, noted that the reported concentrations are within an order
of magnitude of historical concentrations. It is also noted that soil remediation commenced at the
FFTA 1 during the monitoring period3.

e PFAS concentrations at off-base monitoring wells were generally consistent with historical results.

¢ No off-base monitoring wells which have been previously sampled during the OMP, reported new
exceedances during the monitoring period.

e Six on-base monitoring wells (not previously sampled under the OMP) reported exceedances of the
drinking water guidelines (two exceedances of PFOA, and six exceedances of PFOS + PFHXxS).
These reported concentrations are consistent with historic exceedances in the monitoring wells
previously sampled in the same region. As such these concentrations were not considered to
represent a change in the Conceptual Site Model (CSM) or risk profile.

Surface water results

PFAS concentrations in surface water at locations on-base and off-base were generally consistent with
historical results.

Reported PFAS concentrations for on-base and off-base surface water locations were within an order of
magnitude of historical results. PFAS concentrations were above the recreational water guideline at five
locations during the monitoring period. Three of these locations have historically exceeded recreational
water guidelines, whilst monitoring of the other two locations had not been included in the OMP
previously. The results at these two new locations are similar to nearby monitoring locations, and
consistent with historic data.

All monitoring locations reported at least one result above the freshwater guideline value for PFOS
during the monitoring period, which is consistent with historical data.

Aquatic biota results

The reported PFAS concentrations within sampled aquatic biota collected from Ludmilla Creek and
Rapid Creek are consistent with historical data. Overall, PFAS concentrations in sampled aquatic biota
remains consistent with the understanding presented in the PMAP (Defence, 2019).

2 An aquifer is an underground layer of porous and permeable rock, gravel, sand or silt, which can contain or transmit
groundwater that lies within the geology below the soil surface.
3 The Former RAAF fire station has been identified for additional investigations to support remedial actions.
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CSM and risk profile

The conceptual site model (CSM) was reviewed in light of the monitoring data collected during the
current monitoring period between November 2020 and March 2023, and no changes were identified to
sources, pathways or receptors at the base or within the Management Area that may require an update
to the CSM as described in the PMAP (Defence, 2019). The findings of the interpretive analysis
conducted for the monitoring period are considered consistent with the risk profile for the Management
Area.

Conclusions

The following conclusions are based on the data collected during the monitoring period:

Groundwater levels fluctuate across the Management Area over the wet and dry seasons, with
higher groundwater levels recorded in the late wet season and lower groundwater levels recorded
in the late dry season. The inferred groundwater flow follows the localised topography, flowing
north (towards Rapid Creek) from the southern side of the main runway to the south (towards
Sadgroves and Reichardt Creek) in the south of the base, and to the west (towards Ludmilla
Creek) in the southwest of the base.

The results for the monitoring period indicate that the nature and extent of PFAS in groundwater,
surface water and aquatic biota are consistent with previous findings.

Fluctuations in PFAS concentrations were reported, which were likely to have been due to
seasonal variability of Darwin’s wet and dry seasons. Concentrations of PFAS in groundwater are
generally stable or decreasing. Where concentrations appear to have increasing trends, it is noted
that these areas (namely at MW103 and MW422) are the focus of remedial activities (either
proposed or ongoing).

The CSM was reviewed, and based on the results presented within this report, no changes were
identified to source, pathway or receptors at the base and within the Management Area.

Based on the data collected during the monitoring period, no changes to the risk profile were
identified.

The monitoring conducted over the monitoring period is considered to have met the objectives of
the SAQP and the OMP. The groundwater monitoring network is considered generally appropriate
and sufficient for the program objectives, with the following observations:

- Thereis alack of monitoring wells northwest of Source Area 7, 8 on the base’s western
portion.

- One well in monitoring Source Area 7 (MW405) has been destroyed during recent
construction activities in the area. Down hydraulic gradient wells, not currently sampled under
the OMP are present in this area and monitoring the areas adjacent to the two source areas
would reduce uncertainty.

- Remedial works being undertaken during the monitoring period have limited access to the well
monitoring Source Area 1 (MW422). Down hydraulic gradient wells not currently sampled
under the OMP are present in this area and monitoring the areas adjacent to the two source
areas would reduce uncertainty.

Ongoing monitoring of groundwater, surface water and biota as part of the OMP will continue to
monitor the nature and extent of PFAS, potential migration and any associated changes to the risk
profile.
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Abbreviations and acronyms

Abbreviation = Term

ADWG Australian Drinking Water Guidelines
AECOM AECOM Australia Pty Ltd

AFFF Aqueous Film Forming Foam

ARFF Aviation Rescue Fire Fighting

BOM Bureau of Meteorology

CFTA Current fire training area

CsS™M Conceptual Site Model

Defence Department of Defence

DENR Department of Environment and Natural Resource
DIA Darwin International Airport

DoH Department of Health

EC Electrical Conductivity

FFF Former fuel farm

FFTA Former fire training area

FSANZ Food Standards Australia New Zealand
GWE Groundwater Elevation

HHRA Human Health Risk Assessment

LOR Limit of Reporting

MW Monitoring Well

NATA National Association of Testing Authorities
NHMRC National Health and Medical Research Council
NMI National Measurement Institute

NSW New South Wales

NT Northern Territory

OLA Ordnance Loading Area

OMP Ongoing Monitoring Plan

ORP Oxidation Reduction Potential

PFAS Per- and poly-fluoroalkyl substances
PFHxS Perfluorohexanesulfonic acid

PFOA Perfluorooctanoic acid

PFOS Perfluorooctanesulfonic acid

PMAP PFAS Management Area Plan

QA/QC Quality Assurance and Quality Control
RAAF Royal Australian Air Force

TDI Tolerable Daily Intake

Revision 0 — 25-Aug-2023
Prepared for — Department of Defence, Directorate of PFAS Remediation, Environment and Engineering Branch — ABN: 68706814312



AECOM SA /NT PFAS OMP
Ongoing Monitoring Interpretive Report (November 2020 - June 2023)

List of units
AHD Australian Height Datum
cm centimetre
°C degrees Celsius
g grams
km Kilometre
L litre
ML Megalitre
m metre
mAHD metres Australian Height Datum
mbtoc metres below top of casing
Vo) micrograms
uS microsiemens
mg milligrams
mvV millivolts
NTU Nephelometric Turbidity Unit
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1.0 Introduction

AECOM Australia Pty Ltd (AECOM) was engaged by the Department of Defence (Defence) to
implement the per- and poly-fluoroalkyl substances (PFAS) Ongoing Monitoring Plan (OMP) at Royal
Australian Air Force (RAAF) Base Darwin (the base), Northern Territory (NT) (Figure F1 in Appendix
A).

The monitoring targeted PFAS and included selected locations on-base and in surrounding off-base
areas as defined by the NT Government (Figure F3 in Appendix A).

In order to meet the objectives of the OMP, the monitoring was undertaken in accordance with the
Sampling and Analysis Quality Plan (SAQP) (AECOM, 2023a). Note that the SAQP is generally
updated prior to each monitoring event.

This report has been prepared in accordance with the Defence PFAS OMP Annual Interpretive Report
Guidance Version 4.0 (Defence, 2022) and summarises monitoring data collected between November
2020 and June 2023 (hereafter known as the monitoring period). It is acknowledged that concurrent
programs of work being delivered by Defence outside of this current monitoring period was also used to
further refine the understanding of the conceptual site model for the base and Management Area. A
summary of these ancillary works is presented in Section 6.0.

1.1 Purpose and objectives

The objective of the monitoring program set out in the OMP is to provide information on changes in the
location and concentrations of PFAS on-base and in surrounding off-base areas including the
Management Area as defined by the NT Government. The data is required to assist risk management
decisions by Defence and Territory Government agencies to protect human health and the environment
and to inform the understanding of the effectiveness of remedial actions.

Assessing changes in the distribution, concentration, and transport (pathways and flow rates) of the
contaminants against appropriate guideline values provides an:

e evidence-based approach for targeted and effective risk management decision making to protect
human health and environmental receptors; and

e early warning that additional management of PFAS contamination may be warranted in areas not
currently understood to be affected by PFAS.

The monitoring data will be evaluated to assess environmental variability and trends in PFAS
concentrations. This will inform changes to the known risk profile and recommendations for triggers to
review the OMP and PFAS Management Area Plans (PMAP) (Defence, 2019), if required.

1.2 Scope

The scope of works for this interpretive report included assessing changes to the nature and extent of
PFAS during the monitoring period, in additional to interim monitoring data and historical OMP
investigations and evaluating if these changes have implications for the understanding of the
Conceptual Site Model (CSM) and the risk profile with respect to PFAS impacts at the base. This
assessment included the evaluation of data reported in the following factual reports, as well as other
data provided by Defence and ancillary external data sources:

e RAAF Base Darwin — Sampling Event Factual Report — 2023 Wet Season (AECOM, 2023b)
e RAAF Base Darwin — Sampling Event Factual Report — 2022 Dry Season (AECOM., 2022hb)

e RAAF Base Darwin - Sampling Event Factual Report — November 2021 to March 2022 (AECOM,
2022a)

e RAAF Base Darwin - Sampling Event Factual Report - November 2021 (AECOM, 2021c)
e RAAF Base Darwin - Sampling Event Factual Report - April and May 2021 (AECOM, 2021b)

e RAAF Base Darwin - Sampling Event Factual Report - November 2020 to January 2021 (AECOM,
2021a).
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In addition to the above reports pertaining to the monitoring period, the following historical documents
were also evaluated:

e RAAF Base Darwin — PFAS OMP Annual Interpretive Report — November 2019 to April 2020
(AECOM, 2020)

e RAAF Base Darwin - Annual PFAS Monitoring Report - March 2019 (Coffey, 2019a)
e RAAF Base Darwin - Interim PFAS Monitoring Report December 2018 (Coffey, 2019b).

Ancillary external data sources included stream gauging and meteorological data (see Section 6.4)
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2.0 Site setting

2.1 Site identification

The base identification and setting is summarised in Table 1 below:
Table 1 Site setting and CSM summary

Element Description

Site ID RAAF Base Darwin, Site number 1302

Location RAAF Base Darwin is located on the Stuart Highway approximately seven
kilometres from the business centre of Darwin, adjacent to the suburbs of
Winnellie, Ludmilla, Coconut Grove, Millner, Jingili, Moil, Anula, Malak,
Karama and the North Lakes Estate (Figure F1 in Appendix A).

The base encompasses an area of 1,278 hectares bounded by McMillans
Road and the Northlakes Estate/Marrara Sports Complex to the north, Amy
Johnson Avenue to the east, Stuart Highway to the south and Bagot Road to
the west. Darwin International Airport (DIA) occupies an area within the
northwest of the base (Figure F1 in Appendix A).

The base is an operational joint civil-military airfield. The base has
administrative, accommodation, recreational and operational support
facilities as well as technical workshops, aircraft hardstands and aircraft
pavements. In addition to civil aircraft operations, the airfield supports both
Australian and international military aircraft operations. Aircraft movement
areas (runways and taxiways) are utilised by both civilian air operations and
Defence.

Regional climate The annual climate of the surrounding Darwin region is split into two parts,
being the wet season and the dry season. The wet season generally lasts
from November to April and consists of periodic heavy rains in hot and
humid conditions. The dry season generally lasts from May to October and
consists of mild to warm rainless weather. Darwin has an annual average
rainfall of 1723 mm (BOM, 2023).

Topography, The base is generally flat and low-lying with some minor undulations.
geology, and Elevations range between 10 m and 33 m Australian Height Datum (AHD)
hydrogeology being highest at the main runway and sloping down to the northern and

western boundaries.
The geology underlying the base comprises the following lithology:

e Lower Cainozoic aged unconsolidated sands, clayey sands, ferruginous
clayey sands, and soil commonly containing limonite pisolites. This
layer is often described as lateritic or ferricrete and may appear to be
gravels. Based on field observations, this layer has variable thickness
across the base, ranging from less than 1 m to more than 10 m thick in
places.

e Bathurst Island Formation consisting of claystone, sandy claystone,
clayey sandstone, quartz sandstone, ferruginous sandstone, glauconitic
sandstone, and conglomerates towards the base of the unit.

e  Upper Proterozoic aged Burrell Creek Formation consisting of siltstone,
shale, sandstone, and quartz pebble conglomerate. The top of this unit
was generally encountered at depths of 35 m below the ground.

The unconfined aquifer is present in the upper lateritic sediments and within
the Bathurst Island Formation. No significant confining layers are observed
and the two lithologies act as a single unconfined aquifer. The upper lateritic
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Element Description

unit has a greater porosity and yield than the lower claystone/siltstone where
porosity is aided by the presence of honeycomb structures. During the wet
season groundwater flows through both lithologies; however, during the dry
season when water levels fall, groundwater predominantly flows in the
Bathurst Formation.

A deeper, regional aquifer is understood to be present within the Upper
Proterozoic Burrell Creek Formation which is a confined aquifer comprising
siltstone, shale and sandstone and quartz pebble conglomerate.

Groundwater depth | Groundwater generally flows radially from the centre of the airfield in the
and flow vicinity of the Ordnance Loading Area (OLA), generally following the
topography towards creek systems and the coastline located to the south,
west and north.

Groundwater elevations fluctuate by up to 10 m between wet and dry
seasons to the north and west of the base and by approximately 5 m to the
south of the base.

Vegetation The area of the base is predominantly cleared and maintained as an
operating facility. Areas of maintained grass and large trees are present in
the southwestern portion of the base around ovals, parks, and streets.
Patches of remnant Eucalyptus woodland are present in the southeastern
and northern parts of the base. Forests, swamps, and woodlands occur in
the Marrara Swamp, which forms a large part of the northeastern part of the
base, and in the riparian zone of Rapid Creek.

Management Area The drainage system on RAAF Darwin includes large, open, unlined drains,
drainage municipal drains and underground piping that discharge surface waters into
four main catchment areas, being:

e Rapid Creek on the north and east sides of RAAF Darwin. The lower
portion of Rapid Creek is estuarine while the upper portion is fed by
groundwater discharge during the dry season. Rapid Creek discharges
to Beagle Gulf

e  Sadgroves Creek towards the south. Sadgroves Creek is an estuarine
creek and discharges to Darwin Harbour

e Ludmilla Creek towards the west. Ludmilla Creek is a mixture of
freshwater, estuarine water and marine water and discharges to Beagle
Gulf

e A small central portion of RAAF Darwin on the southern boundary
discharging into Reichhardt Creek and Darwin Harbour.

Current and The base was constructed in 1940 as an operational military airfield. The
previous land use base is now a joint civil-military airfield with DIA located to the north of the
airstrip. The base is bound in all directions by Stuart Highway, Bagot Road,
McMillians Road, and Amy Johnson Avenue.

Current surrounding land uses detailed in the PMAP are summarised as:

e North: DIA, Marrara Swamp, and vegetation corridor. The residential
suburb Rapid Creek is located beyond DIA

. East: Nurseries, small farms, residential areas, and industrial/
commercial zones
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Element Description

e  South: Industrial suburb of Winnellie and Darwin Showgrounds. The
residential suburb of The Narrows is located to the southeast of the
base

e  West: Residential suburbs of Bagot and Ludmilla and the industrial
portion of Coconut Grove

e  Off-base land-use is mostly unchanged during the monitoring period
with exception to minor construction works (road improvements,
building improvements, Defence housing demolition etc.).

2.2 Management Area

The location of the base and the Management Area as defined by the PMAP (Defence, 2019) is shown
in Figure F1 (Appendix A). The Management Area covers all the base (groundwater and surface
water) and discrete areas off-base, which includes groundwater beneath part of Ludmilla and under
DIA, and surface water systems of Rapid Creek and Ludmilla Creek.

2.3 Source areas

The PMAP (Defence, 2019) identifies the 11 areas listed in Table 2 as PFAS source areas (Appendix
A, Figure F1) for the base.

Table 2 Inferred PFAS source areas

Source ID Area

Former fire training area (FFTA) 1

Former fuel farm (FFF) 5

FFF 4

FFF 6

Agueous Film Forming Foam (AFFF) Contaminated Soil Stockpiles

Former aviation rescue firefighting (ARFF) fire station

Hangar 31
FFF 1

O | O N[O | [W|IN|PF

Former RAAF fire station
FFTA 2

[y
o

=
=

Current fire training area (CFTA)
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3.0 Sampling and analytical scope and methodology

3.1 Sampling and analysis methodology

The SAQP (AECOM, 2023a) (included in Appendix B) provides the sampling schedule, rationale, and
methodologies. The SAQP prescribes:

e biannual on-base and off-base groundwater sampling, undertaken at the end of the wet season
(Q2 2021 - 2023) and the end of dry season (Q4 2020 - 2022)

e surface water sampling (on-base and off-base), undertaken at the start of wet season (Q4/Q1 2020
- 2022) and the end of wet season (Q2 2021 — 2023)

e annual biota sampling (Q4/Q1 2020 — 2022)

e monthly wet season surface water sampling (limited to the Q4 2022 to Q2 2023 during the
monitoring period) as part of the most recent SAQP revision

o first of two dry season surface water sampling events (Q3 2023).

Details of the completed scope have been provided in Section 3.2.

3.2 Summary of monitoring

A summary of the monitoring implemented as part of the SAQP (AECOM, 2023a) between November
2020 and June 2023 is provided in Table 3, below.

Table 3 Summary of monitoring

Event Samplmg Number of sample locations
matrix

Biannual end of dry season on-base/off-base | Groundwater 31 of 32 locations

(2 to 4 November 2020)

Annual Aquatic Biota Sampling Biota 6 of 6 locations

(3 to 12 November 2020)

Start of wet season on-base /off-base Surface water 19 of 22 locations

(16 to 18 December 2020)

End of wet season off-base /on-base Groundwater 30 of 31 locations

(28 to 29 April and 6 May 2021)

Monthly wet season & end of wet season off- | Surface water 17 of 22 locations

base /on-base

(28 to 29 April and 6 May 2021)

Biannual end of dry season on-base /off- Groundwater 30 of 34 locations

base

(9 to 11 November 2021)

Annual Aquatic Biota Sampling Biota 6 of 6 locations.

(8 November and 3 December 2021)

Start of wet season & monthly wet season Surface water 22 of 22 locations

on-base /off-base

(13 to 17 January 2022)

Twice in wet season off-base / on-base Surface water 2 of 3 locations

(2 March 2022)

Biannual end of wet season on-base /off- Groundwater 30 of 31 locations

base

(7 to 10 March 2022)

Biannual end of wet season base-wide Mass | Groundwater 4 of 4 locations

Flux (8 and 9 March 2022)

Monthly wet season off-base /on-base Surface water 19 of 22 locations

Revision 0 — 25-Aug-2023
Prepared for — Department of Defence, Directorate of PFAS Remediation, Environment and Engineering Branch — ABN: 68706814312



AECOM

Event

(14 to 16 March 2022)

SA /NT PFAS OMP
Ongoing Monitoring Interpretive Report (November 2020 - June 2023)

Sampling
matrix

‘ Number of sample locations

1st monthly dry season sampling off-base
(30 June 2022)

Surface water

1 of 1 location

274 monthly dry season sampling off-base
(26 August 2022)

Surface water

1 of 1 location

(25 and 31 October 2022)

Biannual end of dry season on-base /off- Groundwater 29 of 34 locations
base

(28 to 29 September, and 10 and 21 October

2022)

Annual Aquatic Biota off-base Biota 6 of 6 locations

Start of wet season off-base / on base
(23 to 25 November)

Surface water

21 of 22 locations

Monthly wet season off-base / on-base
(22 December 2022)

Surface water

4 of 4 locations

Monthly wet season off-base / on-base
(25 January 2023)

Surface water

4 of 4 locations

Monthly wet season off-base / on-base
(21 February 2023)

Surface water

4 of 4 locations

Biannual end of wet season on-base / off-
base
(13 and 29 March 2023)

Groundwater

34 of 34 locations

Monthly wet season off-base / on-base
(27 to 28 March 2023)

Surface water

24 of 24 locations

Monthly wet season off-base / on-base
(14 April 2023)

Surface water

4 of 4 locations

3.3 Deviations from the SAQP

Deviations from the scope outlined in SAQP for the monitoring period are summarised in Table 4

below.
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Table 4 Summary of SAQP deviations

SAQP requirement Sampling event deviation Impact of deviation on data set

Sampling of all OMP Monitoring locations SW156 and SW160 were Given that these locations were able to be sampled three times in
surface water locations. dry and not able to be sampled. subsequent surface water sampling events undertaken during the
monitoring period, this deviation is considered not to impact on the OMP
data set.
Monitoring location SW101 inaccessible due to Nearest alternate location from upper Rapid Creek (downgradient of the
the installation of a security fence and has not runway areas) on the base is SW152. This location is considered to be
been sampled since April 2021. representative for surface water conditions in this area of the base, with

similar PFAS concentrations to SW101.

Monitoring of SW152 was completed three times during the monitoring
period since the loss of access to SW101.

Therefore, this deviation is considered not to impact on the OMP data set.

Sampling of all OMP Monitoring location MW405 was lost (destroyed) | Nearby well, MW215 (the source zone well for FFF1: Source Area 8),
groundwater locations. and not sampled. located down hydraulic gradient from the lost MW405 was able to be
sampled.

Given the proximity of MW215 to MW405, the impact of the lack of data
from Source Area 7 is considered to be minimised, however there is now a
lack of monitoring locations to the northwest of Source Areas 7 and 8. This
is discussed further in Section 8.3.2 and Section 11.0.

Monitoring location MW292 was sampled in lieu | MW133 was repaired in April 2021 and able to be sampled during

of damaged well MW133. subsequent sampling events undertaken six times during the monitoring
period. Therefore, this deviation is considered not to impact on the OMP
data set.

Depth to water readings were not obtained at the | Groundwater elevation contour was still able to be interpreted for the
following three locations: sampling event as adequate contingency gauging locations were gauged.
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Sampling event deviation

Impact of deviation on data set

e  MWA405 possibly destroyed during
construction works.

e MW133 has been damaged not able to be
gauged or sampled.

e  MW240 had the HydraSleeve™ dislodged
and groundwater depth not measured.

Therefore, these deviations are considered not to impact on the OMP data

set.

Sampling of groundwater
and surface water in
March as per SAQP.

Sampling was undertaken in April and May 2021
for the groundwater and surface water sampling

events which was outside the end of wet season.

Note that SAQP and the OMP identifies March
as the target date for end of wet season.

The sampling period is still considered to be within the indicative wet
season, which is December to May (per Appendix A of SAQP (AECOM,
2023a). Therefore, this deviation is considered not to impact on the OMP
data set.

Gauging of some of the scheduled groundwater
wells within a 24-hour period was not possible
due to delays related to access limitations.

Given that majority of the locations were able to be gauged within the 24-hr
period, and in particular prior to precipitation occurring the data collected
was able to be used to develop water level contours. Therefore, this
deviation is considered not to impact on the OMP data set.

Sampling of all OMP
groundwater locations.

Monitoring location MW405 was lost (destroyed)
and not sampled.

Nearby well, MW215 (the source zone well for FFF1: Source Area 8),
located down hydraulic gradient from the lost MW405 was able to be
sampled.

Given the proximity of MW215 to MW405, the impact of the lack of data
from Source Area 7 is considered to be minimised, however there is now a
lack of monitoring locations to the northwest of Source Areas 7 and 8. This
is discussed further in Section 8.3.2 and Section 11.0.

Sampling of all OMP
surface water locations.

Upstream surface water locations SW125,
SW156, SW160, SW178, SW181 were dry and
not able to be sampled.

Given that these locations were all able to be sampled a minimum of three
times during the monitoring period, and an assessment of the surface water
conditions was able to be completed. Therefore, this deviation is
considered not to impact on the OMP data set.

Collection of inter-
laboratory duplicates at a
rate of 1:10.

Inter-laboratory duplicates were not collected at
a rate of 1:10.

Given that intra-laboratory duplicates were collected at the required
frequency and that the reported results were within historical ranges, this
deviation is considered not to impact on the OMP data set.
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Sampling of all OMP
groundwater locations.

Samples were collected from 29 of 30 wells, with
the following not sampled:

e MW?215, due to redevelopment construction
hindering access

e  contingency well MW121 was unable to be
located (possibly destroyed).

Note that MW215 was the alternate monitoring location for Source Area 7
since the loss of MW405. The lack of access to MW215 further impacts the
assessment of potential PFAS movement in the vicinity of Source Area 7
and 8. However the down hydraulic gradient monitoring locations MW103
and MW107 to the southwest minimise the impact of the lack of data in this
area, as these wells capture conditions in the direction of the receptors.

Given that monitoring of MW215 was able to be completed during
subsequent sampling events in September 2022 and March 2023, the
impact by this deviation has been minimised.

Sampling SAQP listed
groundwater locations.

Sampling of four non-OMP wells (MW451,
MW452, MW453 and MW454).

Given that the data from these additional wells were for a separate project,
this deviation is considered not to impact on the OMP data set.

All monitoring well gauging
to be completed within a
24-hour period.

Gauging of some of the scheduled groundwater
wells within a 24-hour period was not possible
and was completed over four days due to access
restrictions limiting when certain areas could be
entered to conduct sampling.

Given that the inferred groundwater level contours generated from the
March 2022 monitoring event were consistent with previous monitoring
rounds, this deviation is considered not to impact on the OMP data set.

Sampling of all OMP
surface water locations.

SW104 was unable to be sampled due to
hazardous vegetation preventing access.

Given that there are monitoring locations up and down stream of SW104
and that SW104 was able to be sampled a total of five times during the
monitoring period, this deviation is considered not to impact on the OMP
data set.
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SAQP requirement Sampling event deviation Impact of deviation on data set
SW156 and SW160 were dry during the Given that these locations were able to be sampled three times in
monitoring event and not sampled. subsequent surface water sampling events, this deviation is considered not

to impact on the OMP data set.

Sampling SAQP listed Sampling of four non-OMP wells (MW451, Given that the data from these additional wells were for a separate project,
groundwater locations. MW452, MW453 and MW454). this deviation is considered not to impact on the OMP data set.

Sampling of all OMP MW197, MW240, MW241 and MW453 were dry | No alternate locations were available for these dry locations during this
groundwater locations. and unable to be sampled. sampling event.

Given that MW197, MW240, and MW241 were able to be sampled a
minimum of three times each during the monitoring period, the deviation for
these wells is considered not to impact on the OMP data set.

MW453 was only able to be sampled once during the monitoring period (in
March 2023), which has limited the data required for the mass flux study at
this location.

MW115 not sampled, as it was damaged. Given that the well was repaired and subsequently sampled a total of four
times during the monitoring period, this deviation is considered not to
impact on the OMP data set.

In situ field parameter Field parameter data was collected for surface Collecting surface water field parameters ex-situ provides comparable
collection for surface water was collected ex-situ. results to in situ parameter collection when conducted immediately after the
water. water is collected. Since data collection occurred while sampling was being

conducted per location the deviation is considered not to have an impact on
the OMP data set.

Sampling of all OMP SW152 was inadvertently not sampled. Given there are monitoring locations up and downstream from SW152 had
surface water locations. been sampled, and SW152 was able to be sampled during the March 2023
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Impact of deviation on data set

SAQP requirement

Sampling event deviation

sampling event, this deviation is considered not to impact on the OMP data

set.

Sampling of all OMP
surface water locations.

An additional location (SW300) was sampled
that had not at the time been included in the
SAQP.

Given this location is now included in the updated SAQPs, this deviation is
considered not to impact on the OMP data set.

Collection of one rinsate
and field sample per day.

Rinsate blank and field blank samples not
collected at the required rate of one per day.

Although the field blank and field blank samples were only collected at a
rate of one per event, given that the sampling methodology and
decontamination procedures were appropriate, the potential for cross
contamination and impact via atmospheric contamination is low. Therefore,
this deviation is considered not to impact on the OMP data set.

Inclusion of one trip blank
per cooler for shipment to
laboratory.

No trip blank was utilised during the sampling
event.

Given that the rinsate and field blanks reported PFAS below LOR, the risk
of contamination during transport and storage is considered to be low.
Therefore, this deviation is considered not to impact on the OMP data set.

Sampling of all OMP
surface water locations.

SW300 was dry and not sampled.

Given that the dry conditions still provide valuable information for the mass
flux study, indicating no discharge at this location. Therefore, this deviation
is considered not to impact on the OMP data set

Sampling of all OMP
groundwater locations.

MW144 was inadvertently not sampled in March
2023.

Given that the location was re-visited in April 2023 and sampled, the
deviation is considered not to impact on the OMP data set.

Additionally, a comparison of gauging data from both events showed limited
change in groundwater elevation (~0.2 m).

MW422 was inaccessible and not sampled.

Given that and alternate location, MW235 was sampled, the deviation is
considered to have a minor impact on the OMP data set.
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SAQP requirement Sampling event deviation Impact of deviation on data set

All monitoring well gauging | Gauging of groundwater wells were not Given that the inferred groundwater level contours generated from the
to be completed within a completed within a 24-hour period and was March 2023 monitoring event were consistent with previous monitoring
24-hour period. completed over four days due to access rounds, this deviation is considered not to impact on the OMP data set.

restrictions limiting when certain areas could be
entered to conduct sampling.
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4.0 Quality assurance and quality control

Data validation pertaining to the data in this report has been completed and discussed within the factual
reports provided in Appendix B and listed below:

e RAAF Base Darwin — Sampling Event Factual Report — 2023 Wet Season (AECOM, 2023b)
e RAAF Base Darwin — Sampling Event Factual Report — 2022 Dry Season (AECOM., 2022hb)

e RAAF Base Darwin - Sampling Event Factual Report — November 2021 to March 2022 (AECOM,
2022a)

e RAAF Base Darwin - Sampling Event Factual Report - November 2021 (AECOM, 2021c)
e RAAF Base Darwin - Sampling Event Factual Report - April and May 2021 (AECOM, 2021b)

e RAAF Base Darwin - Sampling Event Factual Report - November 2020 to January 2021 (AECOM,
2021a).

Data validation procedure employed in the assessment of the field and laboratory QA/QC data indicated
that the reported analytical results are representative of the sample locations and that the overall quality
of the analytical data produced is acceptably reliable for the purpose of the factual and interpretive
reports. The following amendments to reported analytical results are noted:

e  Analytical results from MW191 and MW209 sampled during the November 2020 monitoring event
(Biannual end of dry season) were flagged as being mislabelled following a review of data. For
assessment purposes the results from MW191 and MW209 have been reassigned in the database
and for assessment in this report.

e MW133 sampled in September 2022 (Biannual end of dry season) was noted to have been
collected from a non-OMP well and incorrectly labelled as MW133 within the factual report
(AECOM., 2022b). Resampling from the correct well was conducted in October 2022 and the
September 2022 data has now been excluded from the database and from assessment.

AECOM considers the data obtained during the current monitoring period, along with the historical data
assessed, to be representative of the conditions at the time of monitoring and to be suitable for the
temporal assessment of the data at the base.
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Assessment criteria

The adopted screening criteria references the PFAS National Environmental Management Plan 2.0
(NEMP 2.0) (HEPA, 2020), Defence estate and environmental strategies, and Defence PFAS-specific
strategies and guidance. At the time of preparing this report, the primary guidance document utilised is
the PFAS National Environmental Management Plan (version 2.0) (NEMP) (HEPA, 2020).

The adopted PFAS screening criteria to assess the data collected as part of the monitoring are
presented in Table 5, Table 6 and Table 7

These screening criteria included values for the following analytes:

° PFOS

e  PFOS+PFHXS

e PFOA.
Table 5 Summary of adopted screening criteria: PFAS water
Pathway Compound ‘ Criteria ‘ Comment / Reference
Drinking PFOS+PFHxS | 0.07 pg/L These values are from the PFAS NEMP 2.0 (HEPA,
water - 2020).
groundwater PFOA 0.56 pg/L
All groundwater results were compared to these
criteria.
Recreational | PFOS+PFHXS | 2 ug/L The values presented in the PFAS NEMP 2.0 (HEPA,
use — PEOA 10 La/L 2020) are from the Guidance on Per and
surface HY Polyfluoroalkyl (PFAS) in Recreational Water
water (NHMRC, 2019) guidance on the assessment of
PFAS in recreational water released in August 2019.
All surface water results were compared to these
criteria.
Table 6 PFAS criteria summary: ecological
Media Chemical Criteria ‘ Comment/Reference
PFOS 0.00023 pg/L These values are from the PFAS NEMP 2.0 (HEPA,
2020).
Freshwater The 99% level of protection has been applied for
(99% species slightly to moderately disturbed ecosystems. This
rotgctirc)) n approach is generally adopted for chemicals that
\F/)alues) ~ bioaccumulate and biomagnify in wildlife. For the
roundwater | PFOA 19 pg/L purposes of preliminary screening of analytical water
gn d surface results, the laboratory LOR will be adopted rather
than sole use of the criteria value.
water
All surface water and groundwater results were
compared to these criteria.
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Table 7 PFAS criteria summary: aquatic biota

Media Chemical ‘ Criteria ‘ Comment/Reference
PFOS and Department of Health (2019
PFOS+PFHxs | 85 Holkg P (2019)
Derivation:; Children 2-6 years, median
consumption
Crustaceans
PFOA 520 pg/kg Occasionally consumed food. Trigger
criteria for investigation for crustaceans
apply to molluscs’ hue to the small number
of consumers of molluscs.
PFOS and Department of Health (2019)
Einfish PFOS+PFHXS 5.2 nalkg o _
Derivation: Children 2-6 years, P90
PFOA 41 nglkg consumption
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6.0 Contextual and ancillary information

6.1 Additional analytical data

Groundwater monitoring has been conducted on-base and surrounding areas in association with on-
going PFAS characterisation sampling projects and operational monitoring. These projects include:

e Interim-OMP monitoring (December 2018 to March 2019)
e Detailed site investigation (DSI) (PFAS) (Coffey, 2018a)
e  Supplementary DSI (PFAS) (Coffey, 2018b).

Data from these investigations are included in Appendix C. Unpublished data collected for other
purposes across the base is not included for presentation in this report.

6.2 Remediation projects

The aim of remediation projects is to minimise PFAS leaving the base, by focusing on the remediation
and management of source areas. Over time this is anticipated to contribute to the reduction of PFAS in
the Management Area, the PMAP sets out the management measures to address soil and water
contamination concerns to reduce risks.

At the base, PFAS was found to be primarily moving through surface water, whilst groundwater
discharge to Rapid Creek also contributes to some of the PFAS migration off-base. Given that complete
prevention of off-base migration is unlikely to be achievable, Defence aims to remediate so far as
reasonably practicable (SFARP).

Current remediation projects in progress or scheduled to commence at the base include:
¢  PMAP Implementation: Soil management planning and systems implementation

- Optimisation of soil management planning and systems including the development of a Site
Spoil Management Plan

e  Soil RAP implementation at FFTAL (Source Area 1):
- Removal and thermal destruction of PFAS contaminated soils (complete)
- Excavation of PFAS contaminated soils (complete)

- Treatment of PFAS contaminated soils and reinstatement of treated soils (commenced with
expected completion in late 2023)

- Installation of capping layer and final profiling of FFTAL remediation area (expected
completion in late 2023)

e  Soil RAP implementation at AFFF Contaminated Soil Stockpiles (Source Area 5):
- Removal and thermal destruction of PFAS contaminated soils (complete)
e Balance of base RAP in development, targeting the following source areas:

- CFTA (Source Area 11), FFF4 (Source Area 3), FFF6 (Source Area 4), Former ARFF Fire
Station (Source Area 9)

e Balance of base remediation investigations in progress

- Additional soil and concrete samples collected from CFTA (Source Area 11), FFF4 (Source
Area 3), FFF6 (Source Area 4) and Former ARFF Fire Station (Source Area 9) to further
inform forthcoming RAP and remediation options assessments.

e Interim PFAS management measures implemented at CFTA (Source Area 11) to reduce mass flux
from concrete pad, including:

- Removal of large mockup (LMU) infrastructure. Liaison continuing with DIA regarding
remediation planning for FFTA2 (Source Area 10) which is situated on DIA-occupied land.
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- Treatment of PFAS-impacted water at an aircraft hangar that was generated by a Class B
foam discharge from the foam deluge system. The on-base treatment was undertaken using
a portable water treatment facility.

- Commencement of baseline mass flux monitoring of PFAS leaving the base in surface water
and groundwater, to inform management efforts and monitor effectiveness of future
remediation.

Following completion of the above works, it is estimated that approximately 28 kg of PFAS within soils
at Former fire training area 1 and the Wrapped Stockpile Area have been managed by either disposal
and destruction at an off-base facility or treated to reduce the leachability of PFAS.

It is anticipated that that overall, due to the works there has been an approximate 75% reduction in the
mass of PFAS leaching from the Former fire training area 1 and leaving the base in surface water via
Rapid Creek, it is noted that changes within the environment are likely to take time to be demonstrated.
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6.3 Infrastructure projects

Development works at the base have included several infrastructure projects during the monitoring
period that may have resulted in the disturbance and stockpiling of soil, including (but not limited to):

) ESTO2009 RAAF Darwin Mid Term Refresh

e  P0009 Runway works. Including the planned remediation (excavation and stabilisation) of
approximately 12,000 ton of PFAS impacted soils from the Runway 29 overshoot drain on the east
of the base

e  P923 - Aircraft Parking Apron

e P700 — KC-10 Operational Facility

e P941 — Maintenance Support Facility

e  P949 — Aircraft Maintenance Hangar

. RAAF Base Darwin Stormwater works

e PAF-160600 — Bulk Fuel Storage Tanks

e AIR 7000 Pk4 Hardstand, Pkl Hangar, and Fuel Line Tie in works
e  Solar Farm works.

On-base infrastructure projects listed all include some movement of soils and / or changes in existing
infrastructure. All works completed on-base are required to conduct works in accordance with the
Defence PFAS Construction and Maintenance Framework (Defence, 2021), and therefore impacts from
infrastructure projects are not anticipated. Groundwater and surface water data collected over the
reporting period do not suggest that base infrastructure projects have had significant impact on PFAS
concentrations in surface water or groundwater.

AECOM is not aware of any practices or recent incidents which are likely to influence the nature or
extent of PFAS at the base. Assessment of Runway 29 overshoot drain remediation works will be
covered in Section 8.3.6.

6.4 Significant weather events

The monitoring period between November 2020 and June 2023 was characterised by above average
temperatures in 2021 and 2022, and an early start to the 2022-2023 wet season.

Temperatures exceeded the long-term average for majority of 2021 and 2022, returning to the long-
term average in 2023 (Figure 1 below). This is consistent with a drier first half of 2022 with below
average rainfall, and consistent water levels for 2023.

Monthly rainfall during the monitoring period was generally consistent with the long-term average for the
months of April to September, and well below average for March. Monthly total rainfall during the
months of October to February varied across the monitoring period, whilst December greatly exceeded
the long-term average (Figure 2 below).

The water levels recorded from Rapid Creek at McMillan’s Drive (Station ID G8150127) throughout the
monitoring period are largely consistent with cyclical wet and dry seasons in the area (Figure 3 below).
March to May experienced average to below average rainfall throughout the monitoring period, as
consistent with the Rapid Creek water levels for this period. The average water levels for these months
have been slowly increasing over time (1.150 m in 2020 to 1.192 m in 2023), which varies inconsistently
to the monthly rainfall recorded in the area.

Excluding the 2022-2023 wet season, where wet season rains arrived early, the wettest month during
the monitoring period occurred in January 2021. This corresponded to a maximum water level
measurement at Rapid Creek of 3.000 m in January 2021.

Surface water sampling (on-base and off-base) occurs twice in the wet season. The first event typically
occurs in December/January targeting as soon as practicable after the start of the higher rainfall
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periods, as the end of dry season / start of wet season is normally characterised by spikes in surface
water concentrations (often referred to as “first-flush” sampling).

The second sampling event occurs at the end of the wet season in March. Above average rainfall was
recorded from October to December 2022 (which was reflected in an early and peak water level at
Rapid Creek), which would function as the first-flush event.

This period was followed by a drier than average January 2023 and a resultant below average water
level (0.5 m lower than January 2022). As the first-flush rainfall events were earlier than anticipated and
inconsistent with the long-term average, the targeted surface water sampling event was slightly later
than intended, being undertaken in November 2022, and as a result the sampling may not have
captured the first-flush concentration peak. This should be noted when reviewing concentration trends
in Section 8.5 where results do not align with the expected trend.

The cyclical nature of the wet and dry seasons at the base may result in variability to the
hydrogeological system and the data collected, including changes to water levels and other
characteristics associated with groundwater and surface water including flow and gradient.
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7.0 Monitoring data summary

As part of the OMP, as detailed in Section 1.2 the following 22 sampling events were completed by
AECOM across the monitoring period:

e November 2020 to January 2021 (AECOM, 2021a)
- Groundwater sampling between 2 and 4 November 2020
- Biota sampling between 3 and 12 November 2020
- Surface water sampling between 16 and 18 December 2020
- Targeted surface water sampling on 20 January 2021.
e April and May 2021 (AECOM, 2021b)
- Groundwater sampling between 28 and 29 April 2021, and 6 May 2021
- Surface water sampling between 28 and 29 April 2021 and 6 May 2021.
e November 2021 (AECOM, 2021c)
- Groundwater sampling between 9 and 11 November 2021.
e  November 2021 — March 2022 (AECOM, 2022a)
- Biota sampling between 8 November and 3 December 2021
- Surface water sampling between 13 and 17 January 2022
- Groundwater sampling between 7 and 10 March 2022
- Surface water sampling between 14 and 16 March 2022.
e 2022 Dry Season (AECOM., 2022b)
- Targeted surface water sampling between 30 June and 26 August 2022
- Groundwater sampling between 28 and 29 September, and between 10 and 21 October 2022.
e 2023 Wet Season (AECOM, 2023b)
- Biota sampling between 25 and 31 October 2022
- Surface water sampling between 23 and 25 November 2022
- Targeted surface water sampling on 22 December 2022
- Targeted surface water sampling on 25 January 2023
- Targeted surface water sampling on 21 February 2023
- Groundwater sampling between 13 and 29 March 2023
- Targeted surface water sampling between 27 and 28 March 2023
- Surface water sampling between 27 and 28 March 2023
- Targeted surface water sampling on 14 April 2023.

The sample locations are shown on Figure F3 (Appendix A). The results are summarised in following
sections and on figure series Figure F4 and Figure F5 (Appendix A) and in Table T1 to Table T5
(Appendix C).

The groundwater elevations are shown on figure series Figure F2 (Appendix A).
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7.1 Groundwater
7.1.1 Groundwater field observations

The field observations during groundwater sampling, including groundwater elevation and parameters
are provided in Table T1 in Appendix C.

Note that as at the completion of the most recent groundwater monitoring event (AECOM, 2023b), all
scheduled groundwater monitoring locations were able to be sampled with the exception of MW422,
which was located within a restricted construction area, however the contingency well, MW235 for
MW422 was able to be sampled.

Groundwater observations for the monitoring period were recorded to generally be clear to moderately
turbid, colourless to light grey or brown colour, and mostly without odour or sheens with the exception of
the following:

e  Hydrocarbon odour at:
- MW133, MW297, MW303, and MW210.
e  Organic or hydrogen sulphide odour at:

- MW107, MW115, MW144, MW148, MW156, MW193, MW195, MW197, MW200, MW205,
MW209, MW210, and MW241.

e Sheen or measurable non-aqueous phase liquids at:
- MW297 and MW303.
7.1.2 Groundwater elevation

The standing water level (SWL) was measured, where possible, across all scheduled wells to evaluate
the groundwater elevations (GWE) in metres Australian Height Datum (mAHD) within the Management
Area.

The gauging frequency varied through the monitoring period, however, was generally completed
biannually during the transitional periods between dry and wet seasons and between the wet and dry
seasons.

The gauging results are presented on Table T1 (Appendix C) and results from the six biannual
groundwater sampling events undertaken during the monitoring period are summarised in Table 8 (for
on-Site locations) and Table 9 (for off-Site locations) below.

Table 8 Summary of groundwater elevations — on-base

Min. SWL Max. SWL Min. GWE
(mbtoc) (mbtoc) (mAHD)

Biannual end of | 16 2.320 11.969 9.070 24.100
dry season (MW128) (MW241) (MW128) (MW115)
2 -4 Nov 2020
End of wet 17 2.220 8.434 9.170 27.290
season (MW128) (MW144) (MW128) (MW115)
28 -29 Apr &
6 May 2021
Biannual end of | 16 2.270 12.628 3.028 25.700
dry season (MW128) (MW303) (MW201) (MW115)
9 - 11 Nov 2021
Biannual end of | 17 1.582 6.555 9.595 29.092
wet season (MW156) (MW144) (MW128) (MW115)
7 - 10 Mar 2022
Biannual end of | 22 2.130 13.151 8.108 22.167
dry season (MW128) (MW133) (MW451) (MW115)
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\[o} Min. SWL Max. SWL Min. GWE Max. GWE
WEITS (mbtoc) (mbtoc) (mAHD) (mAHD)
28 -29 Sep, &
10 & 21 Oct
2022
Biannual end of | 22 1.510 6.800 9.390 28.657
wet season (MW156) (MW144) (MW452) (MW115)
13 & 29 Mar
2023
Notes:

mbtoc = m below top of casing
mAHD = m Australian Height datum
SWL = Standing water level

GWE = Groundwater elevation

Table 9 Summary of groundwater elevations — off-base

No. Min. SWL Max. SWL Min. GWE Max. GWE

WEILS (mbtoc) (mbtoc) (mAHD) (mAHD)
Biannual end of dry | 12 1.657 11.612 3.436 20.430
season (MW209) (MW197) (MwW185) (MW200)
2 - 4 Nov 2020
End of wet season 12 1.384 7.097 3.696 21.963
28-29 Apr & (MW209) (MW180) (MW185) (MW180)
6 May 2021
Biannual end of dry | 12 1.779 13.225 3.025 19.729
season (MW190) (MW197) (MW185) (MW200)
9-11 Nov 2021
Biannual end of wet | 12 0.885 4.124 4.632 25.238
season (MW209) (MW200) (MwW185) (MW180)
7 - 10 Mar 2022
Biannual end of dry | 12 1.970 12.270 2.583 19.483
season (MW190) (MwW180) (MwW185) (MW200)
28-29Sep,&10&
21 Oct 2022
Biannual end of wet | 12 1.160 4.340 4.253 25.206
season (MW209) (MW141) (MW185) (MW180)
13 & 29 Mar 2023

Notes:

mbtoc = m below top of casing
mMAHD = m Australian Height datum
SWL = Standing water level

GWE = Groundwater elevation

7.1.3 Groundwater flow directions

Groundwater elevation data are tabulated in Table T1 (Appendix C). Groundwater elevations and
interpreted contours for the six results from the six biannual groundwater sampling events undertaken
during the monitoring period are presented in Figure F2a to Figure F2g (Appendix A).

The groundwater elevation and interpreted contour figures indicate that the groundwater elevated is
highest at the centre of the base (south of the main runway), and the groundwater flow direction
radiates from this location, flowing in an arc from north to west towards Rapid Creek and Ludmilla
Creek respectively. Based on the monitoring in November 2021, it was also observed that the
groundwater to the south of the base flows towards the Charles Darwin National Park and Francis Bay
(Figure F2c Appendix A).
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Note that groundwater flow directions have been generally consistent with the previous monitoring
events completed since 2020.

7.1.4 Groundwater quality parameter field measurements results

During each sampling event, groundwater quality field measurements were recorded ex-situ, after
collecting groundwater samples. Parameters are presented in each of the respective factual reports in
Appendix B and tabulated in Table T1 (Appendix C).

The maximum and minimum recorded field parameters for the monitoring period are provided in Table
10 and Table 11 below. Note that the maximum and minimum recorded field parameters for the period
preceding the monitoring period have also been included for comparison purposes.

Overall, the groundwater quality field measurements for the monitoring period are generally consistent
with historical data, as six of 41 monitoring locations recorded no single parameters outside of the
historical observation range.
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Table 10 Groundwater quality parameter ranges (min — max) — on-base

No. of | Dissolved Oxygen Electrical Conductivity Corrected redox Temperature (°C)
samples (mg/L) (uS/cm) (mV) P
123 0 (MW185) - 13.4 | 23.5(MW141) - 50,600 3.57 (MW240) — 90.6 (MW303) - 28.49 (MW205) -
Historical (MW103). (MW297) 6.25 (MW210) 562.9 (MW112) 35.61 (MW156
. Poor to well Freshwater to saline Acidic to slightly Oxidising
(Apr 2017 to April 2020) " L 2 I
oxygenated conditions acidic conditions conditions
conditions
Biannual end of dry season 17 0.22 (MW107) - 36.7 (MW112) - 388.5 3.98 (MW128) - 158.2 (MW303) - 29.8 (MW156) -
2 - 4 Nov 2020 3.62 (MW141) (MW303) 5.75 (MW303 482.7 (MW240 32.6 (MW240)
Poor to oxygenated Freshwater conditions Acidic to slightly Oxidising
conditions acidic conditions conditions
End of wet season 17 0.36 (MW303) - 37.5 (MW205) - 333.4 4.51 (MW205) - 142.9 (MW303) - 30.1 (MW141) -
28 - 29 Apr & 6 May 2021 3.71 (MW115) (MW303) 7.28 (MW115) 486.5 (MW139) 33.1 (MW148)
Poor to oxygenated Freshwater conditions Acidic to neutral Oxidising
conditions conditions conditions
Biannual end of dry season 16 0.44 (MW107) - 29.7 (MW112) - 63307 | 3.94 (MW201) - 8.6 189.1 (MW303) - 30.3 (MW176) -
9-11 Nov 2021 3.84 (MW115) (MW201) (MW115) 500 (MW139) 33.1 (MW148)
Poor to oxygenated Freshwater to saline Acidic to mildly Oxidising
conditions conditions basic conditions conditions
Biannual end of wet season 17 1.44 (MW133) - 37.8 (MW156) -55572 | 4.05 (MW115)-6.4 | 211.11 (MW201) - 30.2 (MW156) -
7 - 10 Mar 2022 4.65 (MW112) (MW201) (MW303) 379.9 (MW297) 32.7 (MW133)
Oxygenated Freshwater to saline Acidic to slightly Oxidising
conditions conditions acidic conditions conditions
Biannual end of dry season 22 0.53 (MW176) - 35.3 (MW139) -330.4 4.09 (MW128) - 171.3 (MW303) - 27.1 (MW133) -
28 - 29 Sep, & 10 & 21 Oct 2.39 (MW205) (MW303) 7.09 (MW133) 421 (MWA454) 32.3 (MW103)
2022 Poor to oxygenated Freshwater conditions Acidic to neutral Oxidising
conditions conditions conditions
Biannual end of wet season 21 0.73 (MW141) - 30.7 (MW240) - 544 3.87 (MW235) - 130.8 (MW241) - 29.3 (MW107) -
13 & 29 Mar 2023 4.21 (MW240) (MW139) 5.89 (MW112) 314 (MW215) 33.7 (MW133)
Relatively poor to Freshwater conditions Acidic to neutral Oxidising
oxygenated conditions conditions
conditions
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Table 11 Groundwater field parameter ranges (min — max) — off-base
No. of : Electrical
samples bliggnlvedl S e Conductivity CEmEniEel reslo: Temperature (°C)
(mg/L) (uS/cm) (mV)
71 0 (MW185 - 16 26.5 (MW194) - 3.61 (MW197) -6.95 138.9 (MWL176) - 27.78 (MW195) -
o (MW210) 1964.7 (MW211) (MW195) 554.7 (MW211) 35.19 (MW197)

Historical N L "
(Apr 2017 to April 2020) Poor to well Fre'shwater.t_o Acidic tq _neutral Oxidising conditions

oxygenated brackish conditions conditions

conditions
Biannual end of dry 12 0.53 (MW176) - 5.16 | 55.6 (MW200) - 1342 | 4.67 (MW128) - 6.18 234.9 (MW210) - 30.6 (MW115) - 33.4
season (MW180) (MW209) (MW194) 446.1 (MW180) (MW180
2 - 4 Nov 2020 Poor to oxygenated Freshwater to Acidic to slightly Oxidising conditions

conditions brackish conditions acidic conditions
End of wet season 12 0.49 (MW197) - 3.51 | 33.6 (MW211) - 1936 | 4.89 (MW197) - 7.77 207.2 (MW210) - 27.6 (MW195) - 33
28 - 29 Apr & 6 May (MW180) (MW185) (MW185) 449.8 (MW180) (MW191)
2021 Poor to oxygenated Freshwater to Acidic to slightly Oxidising conditions

conditions brackish conditions basic conditions
Biannual end of dry 12 0.81 (MW194) - 3.51 | 23.6 (MW194) - 2206 | 4.04 (MW195) -6.65 300.6 (MW209) - 30.8 (MW176) - 34
season (MW180) (MW211) (MW197) 488.8 (MW180) (MW210)
9-11 Nov 2021 Relatively poor to Freshwater to Acidic to neutral Oxidising conditions

oxygenated brackish conditions conditions

conditions
Biannual end of wet 12 1.5(MW144)-5.2 | 42.9 (MW194) - 1450 | 4.66 (MW200) - 5.9 | 240 (MW197) - 364.9 | 29.6 (MW197) - 33.2
season (MW180) (MW209) (MW210) (MW191) (MW180)
7 - 10 Mar 2022 Relatively poor to Freshwater to Acidic to slightly Oxidising conditions

oxygenated brackish conditions acidic conditions

conditions
Biannual end of dry 12 0.94 (MW185) - 2.5 | 33.5 (MW194) - 1451 | 4.4 (MW180) -6.07 320.1 (MW210) - 27.8 (MW211) - 32.7
season (MW210) (MW209) (MW211) 373.8 (MW185) (MW133)
28-29 Sep, &10& 21 Relatively poor to Freshwater to Acidic to slightly Oxidising conditions
Oct 2022 oxygenated brackish conditions acidic conditions

conditions
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No. of : Electrical
samples Dlizzalenl OrgEen Conductivity CEmEniEel reslo: Temperature (°C)
(mgl/L) (mV)
(uS/cm)
Biannual end of wet 12 0.73 (MW141) - 4.38 31.9 (MW211) - 4.42 (MW200) - 6.2 220.5 (MW195) - 29.1 (MW197) - 31.7
season (MW200) 298.7 (MW210) (MW210) 314.1 (MW200) (MW128)
13 & 29 Mar 2023 Relatively poor to Freshwater Acidic to slightly Oxidising conditions
oxygenated conditions acidic conditions
conditions
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7.15 Groundwater PFAS analytical results

All groundwater analytical results for each sampling event conducted in monitoring period are presented
in historical groundwater analytical results Table T2 (Appendix C). The monitoring locations are
presented in Figure F3 (Appendix A).

Groundwater monitoring analytical results for both on- and off-base wells for PFOS, PFOA and
PFOS+PFHXS are summarised in Table 12 and Table 13 below and presented on concentration maps
in figure series Figure F4 (Appendix A).

The groundwater analytical results for the monitoring of source areas and downgradient and cross
gradient plume monitoring are summarised in Section 8.1.

Deviations from historical groundwater dataset are summarised in Table 14.
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Table 12 Summary of PFOS, PFOA and PFOS+PFHxXS concentrations in groundwater — on-base

No. of Samples?

33

with No. of No. of
Sampling No. of Concentration Range in Sampling . Exceedances of  Exceedances of
. Compound Concentration :
Event SENES Event Human Health Ecological
>LOR . SO
Criteria Criteria*
On-base monitoring locations
Biannual end | 18 PFOA 0.02 pg/L (MW205) to 8.4 pg/L (MW240) | 16 7 0
gf_d‘:yNso‘f/aSO” PFOS 0.26 pg/L (MW141) to 269 pg/L (MW115) | 18 NA 18
2020 PEOS+PFHXS 0.45 pg/L (MW141) to 309 pg/L (MW115) | 18 18 NA
End of wet 18 PFOA 0.01 pg/L (MW139) to 4.41 pg/L (MW240) | 16 5 0
season
28 - 20 Apr & PFOS 0.11 pg/L (MW141) to 80.5 pg/L (MW115) | 18 NA 18
+ X -5 Hg to Hg
6 May 2021 PFOS+PFHXS 0.3 ug/L (MW141) to 110 pg/L (MW115) | 18 18 NA
Biannual end | 20 PFOA 0.03 pg/L (MW139) to 3.34 pg/L (MW303) | 18 6 0
of dry season
9-11 Nov PFOS 0.07 ug/L (MW201) to 62.2 pg/L (MW115) | 20 NA 20
2021
PFOS+PFHXS 0.08 pg/L (MW201) to 95.6 pg/L (MW303) | 20 20 NA

Biannual end | 23 PFOA 0.02 pg/L (MW297) to 12.5 pg/L (MW422) | 19 8 0
of wet
season PFOS 0.01 ug/L (MWZOl) to 93.3 p.g/L (MW422) 23 NA 23
7 - 10 Mar
2022 PFOS+PFHxS 0.02 pg/L (MW201) to 328 pg/L (MW422) | 23 22 NA
Biannual end | 18 PFOA 0.01 pg/L (MW205) to 3 pg/L (MW303) 16 5 0
of dry season
28 - 29 Sep, PFOS 0.02 ug/l (MW451) to 49.9 ug/l (MW303) | 18 NA 18
&10&21
Oct 2022 PFOS+PFHxS 0.02 ug/l (MW451) to 81.3 ug/l (MW303) | 18 17 NA

25 PFOA 0.04 ug/L (MW451) to 3.42 pg/L (MW453) | 23 10 0
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Compound

Concentration Range in Sampling
Event

No. of Samples?
with
Concentration
>LOR

No. of
Exceedances of
Human Health
Criteria

34

No. of
Exceedances of
Ecological
Criteria*

On-base monitoring locations

Biannual end PFOS 1.54 pg/L (MW451) to 47.3 pg/L (MW115) | 25 NA 25
of wet

season PFOS+PFHxS 2.38 pug/L (MW451) to 63.6 pg/L (MW115) | 25 25 NA
13 & 29 Mar

2023

* Denotes that some samples may exceed the Freshwater 99% Species Protection Guideline (HEPA 2020) due to the Limit of Reporting being greater than the Guideline Criteria.
NA = Not applicable (no applicable guideline)

1 Denotes that count of all samples (primary and duplicates).

Human health criteria for groundwater denotes drinking water — groundwater (PFAS NEMP 2.0 (HEPA, 2020)).

Ecological criteria for groundwater denotes Freshwater (99% species protection values) (PFAS NEMP 2.0 (HEPA, 2020)).
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Table 13 Summary of PFOS, PFOA and PFOS+PFHXS concentrations in groundwater — off-base

Sampling

No. of

Samples?

Compound

Concentration Range in Sampling Event

No. of
Samples? with
Concentration

No. of
Exceedances of
Human Health
Criteria

No. of
Exceedances of
Ecological
Criteria

Off-base monitoring locations

Biannual end of | 12 PFOA 0.01 pg/L (MW193) to 0.3 pg/L (MW197) 7 0 0
dry season
5 4 Mo 2020 PFOS 0.08 pg/L (MW176) to 18.3 ug/L (MW197) | 10 NA 12
PFOS+PFHXS | 0.05 ug/L (MW180) to 23.2 pg/L (MW197) | 11 10 NA
End of wet 12 PFOA 0.01 pg/L (MW209) to 0.15 pg/L (MW197) | 6 0 0
season
28 . 20 Apr & PFOS 0.02 pg/L (MW209) to 5.66 pug/L (MW197) | 11 NA 12
6 May 2021 PFOS+PFHXS | 0.02 pug/L (MW209) to 8.84 pg/L (MW197) | 12 9 NA
Biannual end of | 14 PFOA 0.01 pg/L (MW185) to 0.16 pug/L (MW197) |8 0 0
gr}’ff?\lsgvn PFOS 0.01 pg/L (MW180) to 6.68 g/l (MW197) | 13 NA 14
2021 PFOS+PFHXS | 0.08 pg/L (MW180) to 9.61 pg/L (MW197) | 13 13 NA
Biannual end of | 12 PFOA 0.02 pg/L (MW210) to 0.12 pg/L (MW197) 0 0
‘;"?tlsoe:‘/faor” PFOS 0.02 pg/L (MW190) to 4.9 pg/L (MW197) NA 12
2022 PFOS+PFHXS | 0.02 pug/L (MW185) to 7.48 pg/L (MW197) | 11 NA
Biannual end of | 11 PFOA 0.01 pg/L (multiple) to 0.08 pg/L (multiple) 8 0
dry season
28 - 20 Sep, & PFOS 0.02 pg/L (MW211) to 2.78 ug/L (MW190) | 10 NA 11
10 & 21 Oct PFOS+PFHXS | 0.03 pg/L (MW211) to 4.39 ug/L (MW190) | 10 9 NA
2022
Biannual end of | 16 PFOA 0.01 pg/L (MW190) to 0.12 pg/L (MW197) 6 0 0
wet season
13 8 20 Mar PFOS 0.01 pg/L (MW180) to 4.89 pg/L (MW197) | 14 NA 16
2023 PFOS+PFHXS | 0.04 pg/L (MW211) to 7.2 pg/L (MW197) 15 12 NA
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* Denotes that some samples may exceed the Freshwater 99% Species Protection Guideline (HEPA 2020) due to the Limit of Reporting being greater than the Guideline Criteria.
NA = Not applicable (no applicable guideline)

1 Denotes that count of all samples (primary and duplicates).
Human health criteria for groundwater denotes drinking water — groundwater (PFAS NEMP 2.0 (HEPA, 2020)).
Ecological criteria for groundwater denotes Freshwater (99% species protection values) (PFAS NEMP 2.0 (HEPA, 2020)).
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Table 14 Deviations from historical groundwater dataset

Compounds

First-time

New exceedances of

New exceedances of

New minimums

37

New maximums

PFOS

detections

MWwW201 (0.07
ug/L in Nov
2021)
MW235 (16.5
ug/L in Sep
2022)
MW451 (0.02
ug/L in Sep
2022)
MW452 (2.72
ug/L in Sep
2022)
MW453 (5.26
ug/L in Mar
2023)
MW454 (28 ug/L
in Sep 2022)

ecological criteria® human health criteria

MW201 (0.07 ug/L in
Nov 2021)

MW235 (16.5 ug/L in
Sep 2022)

MW451 (0.02 ug/L in
Sep 2022)

MWA452 (2.72 ug/L in
Sep 2022)

MWA453 (5.26 ug/L in
Mar 2023)

MW454 (28 ug/L in
Sep 2022)

No criteria available

MW107 (5.4 ug/L in Mar 2022 from
6.1 ug/L in Mar 2018)

MW112 (6.42 ug/L in Mar 2023 from
6.6 ug/L in Mar 2019)

MW115 (47.6 ug/L in Mar 2023 from
52 ug/L in Mar 2018)

MW128 (3.56 ug/L in May 2021 from
5.2 ug/L in Mar 2019)

MW133 (11.5 ug/L in May 2021 from
34 ug/L in Mar 2019)

MW139 (*0.27 ug/L in Mar 2022 from
0.42 ug/L in Mar 2019)

MW144 (1.16 ug/L in Mar 2022 from
1.6 ug/L in Mar 2018)

MW148 (3.57 ug/L in May 2021 from
4.5 ug/L in Aug 2017)

MW156 (0.35 ug/L in Nov 2020 from
0.48 ug/L in Apr 2020)

MW176 (0.05 ug/L in Apr 2021from
0.07 ug/L in Mar 2019)

MW190 (0.02 ug/L in Mar 2022 from
0.74 ug/L in Mar 2018)

MW191 (1.13 pg/L in Apr 2021 from
1.17 ug/L in Apr 2020)

MW193 (0.1 ug/L in May 2021 from
0.71 ug/L in Mar 2018)

MW194 (1.83 ug/L in May 2021 from
2.09 ug/L in Dec 2019)

MW195 (0.06 ug/L in May 2021 from
0.07 ug/L in Dec 2019)

MW200 (0.36 ug/L Mar 2022 from 0.4
ug/L Mar 2018)

MW103 (33.2 ug/L in

Nov 2021 from 17.5 ug/L
in Dec 2019)

MW141 (0.26 ug/L in

Nov 2020 from 0.19 ug/L
in Dec 2018)

MW185 (0.26 ug/L in

Nov 2020 from 0.23 ug/L
in Dec 2018)

MW197 (18.3 ug/L in

Nov 2020 from 9.2 ug/L
in Dec 2018)

MW?201 (0.07 ug/L in
Nov 2021, not sampled
prior to monitoring
period)

MW235 (25.6 ug/L in Mar
2023, not sampled prior
to monitoring period)
MW422 (93.3 ug/L in Mar
2022 from 51.6 ug/L in
Apr 2020)

MW451 (1.54 ug/L in Mar
2023, not sampled prior
to monitoring period)
MWA452 (2.91 ug/L, not
sampled prior to
monitoring period)
MW453 (5.26 ug/L in Mar
2023, not sampled prior
to monitoring period)
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New exceedances of

ecological criteria® human health criteria

New exceedances of

New minimums

38

New maximums

MW201 (0.01 ug/L in Mar 2022, not

sampled prior to monitoring period)
MW210 (0.82 ug/L in Mar 2022 from
1.1 ug/L in Mar 2022)

MW235 (16.5 ug/L in Sep 2022, not
sampled prior to monitoring period)
MW240 (17.8 ug/L in Mar 2023 from
18 ug/L in Mar 2019)

MW241 (6.26 ug/L in Apr 2021 from
8.44 ug/L in Apr 2020)

MW297 (1.07 ug/L in Mar 2022 from
4.7 ug/L in Mar 2019)

MW451 (0.02 ug/L in Sep 2022, not
sampled prior to monitoring period)
MW452 (2.72 ug/L in Sep 2022, not
sampled prior to monitoring period)
MW453 (5.26 ug/L in Mar 2023, not
sampled prior to monitoring period)
MW454 (28.0 ug/L in Sep 2022, not
sampled prior to monitoring period)

MW454 (28.2 ug/L in Mar

2023, not sampled prior
to monitoring period)

PFOA

MW176 (0.01
ug/L in Sep
2022)
MW209 (0.01
ug/L in Apr
2021)
MW235 (0.48
ug/L in Sep
2022)
MW451 (0.04
ug/L in Mar
2023)

N/A

MW453 (3.42 ug/L in
Mar 2023)
MW454 (0.81 ug/L in
Sep 2022)

MW115 (1.14 ug/L in Mar 2023 from
1.3 ug/L in Mar 2018)

MW128 (0.1 ug/L in Mar 2022 from
0.12 ug/L in Dec 2018)

MW133 (0.27 ug/L in May 2021 from
0.53 ug/L in Mar 2019)

MW190 (LOR** in Mar 2022 from
0.01 ug/L in Mar 2018)

MW 193 (LOR** in May 2021 from
0.01 ug/L in Mar 2018)

MW201 (LOR** in Nov 2021, not
sampled prior to monitoring period)
MW235 (0.48 ug/L in Sep 2022, not
sampled prior to monitoring period)

MW103 (1.11 ug/L in
Sep 2022 from 0.31 ug/L
in Aug 2017)

MW176 (0.01 ug/L in
Sep 2022 from LOR** in
Sep 2017)

MW197 (0.3 ug/L in Nov
2020 from 0.18 ug/L in
Apr 2020)

MW201 (LOR** in
November 2021, not
sampled prior to
monitoring period)
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New exceedances of

ecological criteria® human health criteria

New exceedances of

New minimums

39

New maximums

MW452 (0.04 MW240 (2.85 ug/L in Mar 2023 from MW209 (0.01 ug/L in Apr
ug/L in Sep 3.1 ug/L in Mar 2019) 2021 from LOR** since
2022) MW292 (0.87 ug/L in Nov 2020 from Nov 2017)
MWA453 (3.42 0.89 ug/L in Apr 2020) MW235 (0.48 ug/L in
ug/L in Mar MW297 (0.02 ug/L in Mar 2022 from Sep 2022, not sampled
2023) 0.11 ug/L in Mar 2019) prior to monitoring
MW454 (0.81 MW303 (0.84 ug/L in Mar 2022 from period)
ug/L in Sep 0.87 ug/L in Mar 2019) MW422 (12.5 ug/L in Mar
2022) MW451 (LOR** in Sep 2022, not 2022 from 1.51 ug/L in
sampled prior to monitoring period) Apr 2020)
MW452 (0.04 ug/L in Sep 2022, not MW451 (LOR** in Sep
sampled prior to monitoring period) 2022, not sampled prior
MW453 (3.42 ug/L in Mar 2023, not to monitoring period)
sampled prior to monitoring period) MW452 (0.09 ug/L in Mar
MW454 (0.59 ug/L in Mar 2023, not 2023, not sampled prior
sampled prior to monitoring period) to monitoring period)
MWA453 (3.42 ug/L in Mar
2023, not sampled prior
to monitoring period)
MW454 (0.81 ug/L in
Sep 2022, not sampled
prior to monitoring
period)

PFOS+PFHxS MW201 (0.08 No criteria available MW201 (0.08 ug/L in MW107 (8.46 ug/L in Mar 2022 from | MW103 (48.6 ug/L in
ug/L in Nov Nov 2021) 8.8 ug/L in Mar 2018) Sep 2022 from 21.7 ug/L
2021) MW235 (22.7 ug/L in MW112 (8.23 ug/L in Mar 2023 from in Dec 2019)

MW235 (22.7 Sep 2022) 8.5 ug/L in Mar 2019) MW141 (0.45 ug/L in
ug/L in Sep MW451 (2.38 ug/L in MW115 (64.5 ug/L in Mar 2023 from Nov 2020 from 0.4 ug/L
2022) Mar 2023) 68 ug/L in Mar 2018) in Dec 2018)

Mw451 (0.02 MWA452 (4.33 ug/L in MW128 (5.52 ug/L in Mar 2023 from MW197 (23.2 ug/L in
ug/L in Sep Sep 2022) 7.9 ug/L in Mar 2018) Nov 2020 from 12.4 ug/L
2022) MW453 (12.6 ug/L in MW133 (14.8 ug/L in May 2021 from | in Dec 2018)

Mar 2023)

39.8 ug/L in Mar 2019)
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New exceedances of New exceedances of

ecological criteria® human health criteria

New minimums

40

New maximums

MW452 (4.33
ug/L in Sep
2022)
MW453 (12.6
ug/L in Mar
2023)
MW454 (43.2
ug/L in Sep
2022)

MW454 (43.2 ug/L in
Sep 2022)

MW139 (0.41 ug/L in Mar 2022 from

0.56 ug/L in Mar 2019)

MW144 (2.15 ug/L in Mar 2022 from
2.55 ug/L in Mar 2018)

MW148 (6.45 ug/L in May 2021 from
6.94 ug/L in Dec 2019)

MW156 (0.47 ug/L in Nov 2020 from
0.58 ug/L in Apr 2020)

MW176 (0.08 ug/L in Apr 2021 from
0.1 ug/L in Mar 2019)

MW190 (0.03 ug/L in Mar 2022 from
0.99 ug/L in Mar 2018)

MW193 (0.13 ug/L in May 2021 from
0.94 ug/L in Mar 2018)

MW194 (2.6 ug/L in May 2021 from
2.96 ug/L in Dec 2019)

MW195 (0.09 ug/L in May 2021 from
0.11 ug/L in Dec 2019)

MW200 (0.61 ug/L in Mar 2022 from
0.62 ug/L in Mar 2018)

MW201 (0.02 ug/L in Mar 2022, not
sampled prior to monitoring period)
MW210 (1.32 ug/L in Mar 2022 from
1.52 ug/L in Mar 2018)

MW235 (22.7 ug/L in Sep 2022, not
sampled prior to monitoring period)
MW241 (9.2 ug/L in Apr 2021 from
11.1 ug/L in Apr 2020)

MW297 (1.44 ug/L in Mar 2022 from
5.8 ug/L in Mar 2019)

MW451 (0.02 ug/L in Sep 2022, not
sampled prior to monitoring period)
MW452 (4.33 ug/L in Sep 2022, not
sampled prior to monitoring period)

MW201 (0.08 ug/L in Mar

2023, not sampled prior
to monitoring period)
MW235 (32.7 ug/L in
Nov 2023, not sampled
prior to monitoring
period)

MW422 (328 ug/L in Mar
2022 from 81.6 ug/L in
Apr 2020)

MW451 (2.38 ug/L in Mar
2023, not sampled prior
to monitoring period)
MW452 (4.74 ug/L in Mar
2023, not sampled prior
to monitoring period)
MWA453 (12.6 ug/L in Mar
2023, not sampled prior
to monitoring period)
MW454 (43.2 ug/L in
Sep 2022, not sampled
prior to monitoring
period)
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First-time New exceedances of New exceedances of
detections ecological criteria® human health criteria

Compounds

New minimums New maximums

MW453 (12.6 ug/L in Mar 2023, not
sampled prior to monitoring period)
MW454 (40.9 ug/L in Mar 2023, not
sampled prior to monitoring period)

* MW201, MW235 and MW451-MW454 are new wells installed in the November 2020 — March 2023 period. No historical results are available.

** L OR =<0.01 ug/L

Human health criteria for groundwater denotes drinking water — groundwater (PFAS NEMP 2.0 (HEPA, 2020)).

Ecological criteria for groundwater denotes Freshwater (99% species protection values) (PFAS NEMP 2.0 (HEPA, 2020)).

1 Denotes that some samples may exceed the Freshwater 99% Species Protection Guideline (HEPA 2020) due to the Limit of Reporting being greater than the Guideline Criteria.
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7.1.6 Groundwater non-PFAS analytical results

In addition to PFAS, selected groundwater samples were analysed for the following geochemical
properties:

e  Major ions (sodium, calcium, magnesium, and potassium) and anions (chlorine, sulphate,
bicarbonate, carbonate)

e  Total Suspended Solids (TSS)
e Dissolved Organic Carbon (DOC).
The geochemical results are presented in Table T2, Appendix C.

It should be noted that non-PFAS sampling parameters were removed from the OMP program by
direction from Defence as of 27 January 2021 and therefore analysis after this date has not been
undertaken.

Results for major ions for monitoring events in November 2020 indicate that the cation composition is
dominated by sodium and the anion composition is dominated by chloride and bicarbonate in both on-
base and off-base groundwater monitoring locations.

Sampling for major ion composition have previously been conducted at groundwater and surface water
locations since 2019 to assess major groundwater flow paths and identify potential surface water to
groundwater interactions. During this reporting period major ions were only collected during the
November 2020 monitoring event.

Piper plots provide an effective graphical method to segregate relevant analytical data to better
understand the sources of dissolved constituents in water. The Piper plots were generated utilising
python package for the Visualisation of Aqueous Geochemical Data Using Python (NGWA, 2022). One
plot was created for the entire historical groundwater dataset, and another plot for the entire historical
surface water dataset. Both piper plots have been included as Figure 4 and Figure 5, below. The data
indicates:

e  Groundwater is dominantly sodium-chloride type, indicating influence from marine waters to the
north, west, and south of the base. However, groundwater sampled from MW103, MW292, and
MW303 contained higher calcium and bicarbonate concentrations relative to sodium and chloride
when compared to other groundwater wells sampled. As such, groundwater from these two bores
trend toward magnesium-bicarbonate and mixed type, respectively, suggesting proximity to a
freshwater source (i.e., zone of recharge).

e  Co-located groundwater and surface water samples MW191 and SW168 (base drain outlet to
Rapid Creek near Charles Eaton Drive) exhibit similar chemistry (i.e., sodium-chloride type),
suggesting possible groundwater to surface water interaction at this location.
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Figure 4  Piper plot — groundwater locations — 2019 - 2021
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*Groundwater — Other locations are locations not sampled as part of the current OMP program.
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Figure 5 Piper plot — surface water locations — 2019 - 2021
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*Surface water — Other locations are locations not sampled as part of the current OMP program.

From the generated plots, the following assessment was determined:

e Groundwater in wells centrally located on-base and western portions of the base typically varied
between magnesium bicarbonate type (end of wet / start of dry) and sodium chloride type (end of
dry / start of wet).

e  Groundwater in off-base wells to the south and west were sodium chloride type.

e  Groundwater in wells in northern portions of the base and off-base to the north were typically
sodium chloride type with the exception of one location (MW185) which was mixed type.

e  Surface waters within Ludmilla Creek were magnesium bicarbonate type.

e  Surface waters within Rapid Creek and Reichardt and Sadgroves Creek ranged from magnesium
bicarbonate type to mixed type with one outlier for Rapid Creek being sodium bicarbonate type.
This is likely to be attributed to seasonal or tidal influx at the time of sampling.

7.2 Surface water
7.2.1 Surface water field observations

The field observations during surface water sampling are provided in Table T3 in Appendix C, and key
observations are summarised below.

Surface water observations during the monitoring period were recorded to be generally clear to
moderately turbid, colourless to light brown colour, and mostly without odour or sheens with the
exception of the following:

. Brackish or saline odour at:
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- SW112, SW113, SW120, and SW124.
e  Organic odour at:
- SW109, SW114, SW115, SW120, and SW181.
e  Presence of sheen at:
- SW113, SW109, SW170, and SW312.
7.2.2 Water quality parameter - field measurements
Surface water quality parameter field measurements were recorded at the time of collecting samples.

The recorded water quality parameters are presented in each of the respective factual reports in
Appendix B and results are provided in full as Table T3 Appendix C.

The readings for the monitoring period are provided below in Table 15 and Table 16. These results are
considered consistent with previous investigations (AECOM, 2020).
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Table 15 Surface water field parameter ranges (min — max) — on-base

46

No. of Dissolved Oxygen Electrical Conductivity Corrected redox Temperature
samples (mg/L) (uS/cm) (mV) ((®)
3 3.60 (SW104) - 5.10 (SW160) 15.6 (SW160) - 59.6 (SW106) 6.26 (SW106) - 7.40 393.9 (SW160) — 412.3 25.1
L Oxygenated conditions Freshwater conditions (SW160) (SW104) (SW160) -
Historical I .
Approx. neutral Oxidising conditions 29.8
conditions (SW104)
Dec 2020 3 3.41 (SW106) — 4.98 (SW181) 23.3 (SW104) -97.8 (SW181) 7.18 (SW106) — 8.46 355.5 (SW104) — 369.6 28.6
(start of wet Oxygenated conditions Freshwater conditions (Sw181) (SW106) (Sw108) —
season) Neutral to mildly basic Oxidising conditions 317
conditions (Sw181)
Apr & May 4 2.22 (SW104) — 3.30 (SW106) | 48.6 (SW162) — 69.5 (SW104) 5.57 (SW170) — 6.81 332.4 (SW162) — 464.4 29 (SW170)
2021 Oxygenated conditions Freshwater conditions (SW104) (SW104) —-32.8
(end of wet Slightly acidic to Oxidising conditions (SW162
season) neutral conditions
Jan 2022 9 3.27 (SW152) — 4.50 (SW124) | 42.0 (SW160) —285.1 (SW106) 6.67 (SW170) — 8.00 296.3 (SW170) - 380.1 27.5
(monthly wet Oxygenated conditions Freshwater conditions (SW104) (SW104) (SW112) -
season & Neutral to mildly basic Oxidising conditions 31.6
end of wet conditions (SW170)
season
Mar 2022 6 3.34 (SW106) - 6.17 (SW152) | 48.2 (SW106) - 154.4 (SW170) 5.53 (SW170)- 6.75 277.6 (SwW181) - 300.2 29.3
(monthly wet Oxygenated conditions Freshwater conditions (SwW178) (SW170) (SW104) -
season) Slightly acidic to Oxidising conditions 33.1
neutral conditions (SW152)
Nov 2022 8 0.94 (SW162) - 1.87 (SW181) 13.1 (SW181) - 78.5 (SW156) 5.22 (SW108) — 7.00 125.0 (SW160) - 272.4 27.8
(start of wet Relatively poor to oxygenated Freshwater conditions (SW170) (SW106) (SW108) -
season) conditions Slightly acidic to Oxidising conditions 34.3
neutral conditions (SW156)
Mar 2023 12 2.30 (SW104) - 4.79 (SW312) 22.9 (SW312) - 51.8 (SW152) 5.37 (SW104) - 6.65 253.3 (SW106) - 306.6 24.9
(monthly wet Oxygenated conditions Freshwater conditions (SwW178) (SW178) (SW170) -
season) Slightly acidic to Oxidising conditions 31.6
neutral conditions (SwW170)
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Table 16 Surface water field parameter ranges (min — max) — off-base

No. of

Dissolved Oxygen

Electrical

Corrected redox

Temperature

samples (mg/L) Conductivity (uS/cm)

(mV) (({®)

14 2.21 (SW115) - 5.60 32.9 (SW114) - 5.56 (SW168) - 7.88 289.6 (SW133) - 407.6 26.1 (SW113) -
Historical (SW113) 5,0147 (SW124) (SW124) (SW115) 31.3 (SW133)
Oxygenated conditions Freshwater to saline Slightly acidic to slightly Oxidising conditions
conditions basic conditions
Dec 2020 13 2.51 (SW112) -5.71 19.5 (SW115) - 6.37 (SW168) - 9.55 298.4 (SW133) - 395.1 27.2 (SW132) -
(start of wet (SW124) 44,573.0 (SW124) (SW133) (SW113) 27.2 (SW132))
season) Oxygenated conditions Freshwater to saline Slightly acidic to basic Oxidising conditions
conditions conditions
Apr & May 12 1.13 (SW115) - 5.36 28.4 (SW133) — 5.63 (SW132) - 8.09 252.8 (SW112) - 422.8 27.7 (SW112) -
2021 (SW114) 71,652.0 (SW120) (SW120) (SW108) 32.2 (SW168)
(end of wet Oxygenated conditions Freshwater to saline Slightly acidic to slightly Oxidising conditions
season) conditions basic conditions
Jan 2022 13 2.34 (SW114) - 4.31 51.3 (SW168) - 24913 5.61 (SW168) - 8.25 255.5 (SW132) - 406.5 28.8 (SW114) -
(monthly wet (SW133) (SW124) (SW115) (SW168) 32.3 (SW133)
season & end Oxygenated conditions Freshwater to saline Slightly acidic to slightly Oxidising conditions
of wet season conditions basic conditions
Mar 2022 13 3.01 (SwW120) - 7.50 45.0 (SW114) - 4,98 (SW114) - 8.25 259.9 (SW143) - 322.1 28.9 (SW12)4 -
(monthly wet (SW112) 38,563.0 (SW124) (SW115) (SW113) 33.8 (SW125)
season) Oxygenated conditions Freshwater to saline Acidic to slightly basic Oxidising conditions
conditions conditions
Nov 2022 14 0.10 (SW124) - 1.21 | 15.9 (SW114) - 58105 5.22 (SW108) - 8.72 102.4 (SW300) - 300.6 28.4 (SW120) -
(start of wet (SW125) (SW124) (SW125) (SW125) 32 (SW115)
season) Poor to relatively poorly Freshwater to saline Acidic to basic conditions Oxidising conditions
oxygenated conditions conditions
Mar 2023 16 3.04 (SW120) - 4.76 22.4 (SW133) — 5.15 (SW168) - 7.71 233.1 (SW132) - 327.1 27.9 (SW109) -
(monthly wet (SW125) 8,889.0 (SW113) (SW124) (SW113) 33.9 (SW168)
season) Oxygenated conditions Freshwater to saline Acidic to slightly basic Oxidising conditions
conditions conditions
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7.2.3 Surface water PFAS analytical results

Historical surface water analytical results for the monitoring period are presented in Table T4
(Appendix C) and monitoring activities are summarised in the factual reports provided in Appendix B.

Surface water results for all sampling events within the monitoring period are presented in figure series
Figure F5 (Appendix A), summarised in Table 17 and Table 18 and further discussed in Section 8.4.

Deviations from historical surface water dataset are summarised in Table 19.
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Table 17 Summary of PFOS, PFOA and PFOS+PFHxXS concentrations in surface water — on-base

Sampling
Event

No. of
Samples?

On-base monitoring locations

Compound

Concentration Range (ug/L) in Sampling
Event

No. of
Samples? with
Concentration
>LOR

No. of
Exceedances
of Human
Health Criteria

No. of
Exceedances
of Ecological
Criteria*

Dec 2020 2 PFOA N/A 0 0 0

PFOS 0.05 pg/L (SW162) to 0.35 pg/L (SW181) 2 NA

PFOS+PFHxS 0.05 pg/L (SW162) to 0.38 ug/L (SW181) 2 NA
Apr and May 3 PFOA N/A 0
2021 PFOS 0.01 pg/L (SW178) to 0.24 pg/L (SW170) 3 NA

PFOS+PFHxS 0.01 pg/L (SW178) to 0.33 pg/L (SW170) 3 NA
Jan 2022 7 PFOA 0.02 pg/L (SW156) to 0.02 pg/L (SW156) 1

PFOS 0.02 pg/L (SW162) to 0.42 pg/L (SW170) 7 NA

PFOS+PFHxS 0.02 pg/L (SW162) to 0.57 pg/L (SW170) 7 NA
Mar 2022 5 PFOA 0.02 pg/L (SW156) to 0.02 pg/L (SW156) 0

PFOS 0.02 pg/L (SW162) to 0.42 pg/L (SW170) 4 NA

PFOS+PFHxS 0.02 pg/L (SW162) to 0.57 pg/L (SW170) 5 NA
Nov 2022 6 PFOA 0.01 pg/L (multiple) to 0.01 pg/L (multiple) 6

PFOS 0.03 pg/L (SW181) to 0.85 pg/L (SW170) 6 NA

PFOS+PFHxXS 0.03 pg/L (SW181) to 0.9 pg/L (SW170) 6 NA
Mar 2023 8 PFOA 0.01 pg/L (multiple) to 0.06 ug/L (SW312) 8

PFOS 0.01 pg/L (SW162) to 1.63 pg/L (SW312) 8 NA

PFOS+PFHXS 0.01 pg/L (SW162) to 2.52 ug/L (SW312) 8 1 NA
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* Denotes that some samples may exceed the Freshwater 99% Species Protection Guideline (HEPA 2020) due to the Limit of Reporting being greater than the Guideline Criteria.
NA = Not applicable (no applicable guideline)

1 Denotes that count of all samples (primary and duplicates).
Human health criteria for surface water denotes recreational water — surface water (PFAS NEMP 2.0 (HEPA, 2020)).
Ecological criteria for surface water denotes Freshwater (99% species protection values) (PFAS NEMP 2.0 (HEPA, 2020)).
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Table 18 Summary of PFOS, PFOA and PFOS+PFHXS concentrations in surface water — off-base

Sampling

No. of

Samples?

Compound

Concentration Range (ug/L) in
Sampling Event

No. of Samples?

with
Concentration

No. of
Exceedances
of Human
Health Criteria

No. of
Exceedances of
Ecological
Criteria*

Off-base monitoring locations

Dec 2020 15 PFOA 0.01 pg/L (multiple) to 0.06 pg/L (SW125) | 4 0 0
PFOS 0.02 pg/L (SW104) to 2.82 pg/L (SW125) | 13 NA 13
PFOS+PFHXS 0.01 pg/L (multiple) to 4.21 pg/L (SW125) | 15 NA
Apr and May 14 PFOA 0.01 pg/L (SW108) to 0.05 pg/L (SW168) | 6 0 0
2021 PFOS 0.02 pg/L (multiple) to 1.26 pg/L (SW114) | 10 NA 10
PFOS+PFHXS 0.01 pg/L (multiple) to 1.71 pg/L (SW114) | 13 NA
Jan 2022 15 PFOA 0.01 pg/L (SW108) to 0.05 pg/L (SW168) | 9 0
PFOS 0.02 pg/L (multiple) to 1.26 pg/L (SW114) | 15 NA 15
PFOS+PFHxS 0.01 pg/L (multiple) to 1.71 pg/L (SW114) | 15 NA
Mar 2022 14 PFOA 0.01 pg/L (multiple) to 0.06 pg/L (multiple) | 11 0 0
PFOS 0.06 pg/L (SW133) to 3.24 pg/L (SW114) | 14 NA 14
PFOS+PFHxS 0.13 pg/L (SW133) to 4.79 pg/L (SW114) | 14 NA
Nov 2022 16 PFOA 0.01 pg/L (multiple) to 0.06 pg/L (SW125) | 16 0 0
PFOS 0.01 pg/L (multiple) to 2.27 pg/L (SW125) | 16 NA 16
PFOS+PFHxXS 0.01 pg/L (multiple) to 3.45 pg/L (SW125) | 16 NA
Mar 2023 26 PFOA 0.01 pg/L (multiple) to 0.35 pg/L (SW300) | 16 0 0
PFOS 0.01 pg/L (SW115) to 3.79 pg/L (SW114) | 16 NA 16
PFOS+PFHXS 0.01 pg/L (SW115) to 5.37 pg/L (SW114) | 16 4 NA
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* Denotes that some samples may exceed the Freshwater 99% Species Protection Guideline (HEPA 2020) due to the Limit of Reporting being greater than the Guideline Criteria.
NA = Not applicable (no applicable guideline)

1 Denotes that count of all samples (primary and duplicates).
Human health criteria for surface water denotes recreational water — surface water (PFAS NEMP 2.0 (HEPA, 2020)).
Ecological criteria for surface water denotes Freshwater (99% species protection values) (PFAS NEMP 2.0 (HEPA, 2020)).
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Table 19 Deviations from historical surface water dataset

New exceedances of
human health criteria

New exceedances of
ecological criteria

First-time
detections

Compounds

New minimums

53

New maximums

PFOS SW152 (0.18 ug/L | SW152 (0.18 ug/L in No criteria available SW104 (0.02 ug/L in Dec 2020 from SW104 (2.46 ug/L in Mar
in Jan 2022) Jan 2022) 0.07 ug/L in Mar 2019) 2023 from 2.08 ug/L in
SW300 (0.77 ug/L | SW300 (0.77 ug/L in SW109 (0.26 ug/L in Feb 2023 from Apr 2020)
in Jan 2023) Jan 2023) 0.35 ug/L in Jan 2020) SW113 (0.39 ug/L in Jan
SW312 (0.65 ug/L | SW312 (0.65 ug/L in SW114 (LOR** in Dec 2020 from 2022 from 0.38 ug/L in
in Dec 2022) Dec 2022) 0.04 ug/L in Oct 2017) Mar 2018)

SW133 (LOR** in Apr 2021 from SW124 (0.59 ug/L in Jan
0.04 ug/L in Jan 2020) 2022 from 0.07 ug/L in
SW152 (0.16 ug/L in Mar 2022, not Mar 2019)
sampled prior to monitoring period) SW152 (0.23 ug/L in Mar
SW168 (0.27 ug/L in Dec 2020 from 2023, not sampled prior
0.69 ug/L in Jan 2020) to monitoring period)
SW170 (0.09 ug/L in Feb 2023 from SW156 (0.56 ug/L in Mar
0.12 ug/L in Jan 2020) 2023 from 0.38 ug/L in
SW300 (LOR** in Nov 2022, not Mar 2018)
sampled prior to monitoring period) SW178 (0.34 ug/L in Jan
SW312 (0.65 ug/L in Dec 2022, not 2022 from 0.04 ug/L in
sampled prior to monitoring period) Mar 2019)
SW181 (0.96 ug/L in Mar
2023 from 0.57 ug/L in
Mar 2018)
SW300 (1.24 ug/L in Apr
2023, not sampled prior
to monitoring period)
SW312 (1.71 ug/L in Feb
2023, not sampled prior
to monitoring period)

PFOA SW156 (0.02 ug/L | N/A N/A SW152 (LOR** in Jan 2022, not SW152 (LOR** in Jan
in Jan 2022) sampled prior to monitoring period) 2022, not sampled prior
SW300 (0.26 ug/L SW168 (LOR** in Dec 2020 from 0.01 | to monitoring period)
in Jan 2023) ug/L in Feb 2018)
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New exceedances of
ecological criteria

New exceedances of
human health criteria

New minimums

54

New maximums

SW312 (0.02 ug/L
in Jan 2023)

SW300 (LOR** in Nov 2022, not
sampled prior to monitoring period)
SW312 (LOR** in Dec 2022, not
sampled prior to monitoring period)

SW156 (0.04 ug/L in Mar
2023 from LOR** in Jan
2018)

SW300 (0.36 ug/L in Apr
2023, not sampled prior
to monitoring period)
SW312 (0.06 ug/L in Mar
2023, not sampled prior
to monitoring period)

PFOS+PFHxXS

SW152 (0.22 ug/L
in Jan 2022)
SW300 (1.72 ug/L
in Jan 2023)
SW312 (0.73 ug/L
in Dec 2022)

No criteria available

SW300 (2.14 ug/L in
Mar 2023)
SW312 (2.23 ug/L in
Feb 2023)

SW104 (0.02 ug/L in Dec 2020 from
0.12 ug/L in Mar 2019)

SW109 (0.36 ug/L in Feb 2023 from
0.54 ug/L in Jan 2020)

SW114 (LOR** in Dec 2020 from 0.05
ug/L in Oct 2017)

SW133 (0.01 ug/L in Apr 2021 from
0.09 ug/L in Jan 2020)

SW152 (0.22 ug/L in Jan 2022, not
sampled prior to monitoring period)
SW168 (0.34 ug/L in Dec 2020 from
1.11 ug/L in Mar 2018)

SW300 (0.01 ug/L in Nov 2022, not
sampled prior to monitoring period)
SW312 (0.73 ug/L in Dec 2022, not
sampled prior to monitoring period)

SW104 (3.7 ug/L in Mar
2023 from 3.57 ug/L in
Apr 2020)

SW113 (0.59 ug/L in Jan
2022 from 0.54 ug/L in
Mar 2018)

SW124 (0.76 ug/L in Jan
2022 from 0.13 ug/L in
Mar 2019)

SW152 (0.29 ug/L in Mar
2023, not sampled prior
to monitoring period)
SW178 (0.38 ug/L in Jan
2022 from 0.04 ug/L in
Mar 2019)

SW181 (1.04 ug/L in Mar
2023 from 0.64 ug/L in
Mar 2018)

SW300 (2.2 ug/L in Apr
2023, not sampled prior
to monitoring period)
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First-time New exceedances of New exceedances of

: . . S New minimums New maximums
detections ecological criteria human health criteria

Compounds

SW312 (2.52 ug/L in Mar
2023, not sampled prior
to monitoring period)

* SW152, SW300 and SW312 are new surface water sampling locations included as part of the November 2020 — March 2023 sampling period.
** L OR =<0.01 ug/L
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7.3 Aquatic biota

Aquatic biota (edible fish, crustaceans, and molluscs) monitoring is conducted once per year at the end
of the wet and dry seasons within the Management Area in Ludmilla Creek and Rapid Creek. The
monitoring data is used to assess changes in PFAS concentrations in aquatic biota over time and
confirm ongoing relevance of data used to inform the Northern Territory Department of Health (NT
Health).

As of the most recent biota monitoring event (AECOM, 2023b), all locations were accessed and
sampled.

The aquatic biota results for the monitoring period are presented in Table T5 (Appendix C) and the
locations are presented in Figure F3 (Appendix A).

The PFOS, PFOA and PFOS+PFHXS concentrations for the monitoring period are summarised in
Table 20 below.

An assessment of the results is provided in Section 8.6.
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Table 20 Summary of PFOS, PFOA and PFOS+PFHXS - biota

No. of samples
exceeding 2-6 years

No. of samples
exceeding 2-6 years

No. of samples with

Sampling Sample concentration
event No. of samples Compound range (>LOR) (mg/kg)  concentrations above finfish (all species) crustaceans (all species)
LOR (Department of Health (Department of Health
2019) 2019)
BIOFA007 — Rapid Creek Mouth
November 2020 | 16 finfish samples | PFOS <0.001 to 0.004 6 0 NA
PFOA <0.001 0 0 NA
PFOS+PFHxS <0.001 to 0.004 6 0 NA

BIOFAO016 - Ludmilla Creek (Estuarine Area)

November 2020 | 5 invertebrate PFOS <0.001 to 0.002 4 NA 0
samples PFOA <0.001 to 0.008 3 NA 0
PFOS+PFHXS <0.001 to 0.004 4 NA 0
BIOFA018 - Ludmilla Creek (Boat Ramp)
November 2020 | 17 finfish samples | PFOS <0.001 to 0.001 3 0 NA
PFOA <0.001 (all samples 0 0 NA
below LOR)
PFOS+PFHxS <0.001 to 0.001 3 0 NA
November 2020 | 2 crustacean PFOS <0.001 to 0.001 2 NA 0
samples PFOA <0.001 (all samples 0 NA 0
below LOR)
PFOS+PFHxS <0.001 to 0.003 2 NA 0
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No. of samples
exceeding 2-6 years

No. of samples
exceeding 2-6 years

Sample concentration ~ No. of samples with

Sampling

event No. of samples Compound range (>LOR) (mg/kg)  concentrations above finfish (all species) crustaceans (all species)
LOR (Department of Health (Department of Health
2019) 2019)
BIOFA026 - Rapid Creek (Freshwater)
November 2020 | 1 crustacean PFOS 0.001 1 NA 0
sample PFOA <0.001 (all samples 0 NA 0
below LOR)
PFOS+PFHxS 0.009 1 NA 0

BIOFA028 - Rapi

BIOFA007 — Rapid Creek Mouth

d Creek (Freshwater)

November 2020 | 2 crustacean PFOS 0.002 to 0.003 2 NA 0
samples PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHxS 0.008t0 0.011 2 NA 0

below LOR)

November 2021 | 19 finfish samples PFOS <0.001 to 0.009 13 2 NA
PFOA <0.001 0 0 NA
PFOS+PFHxS <0.001 to 0.009 13 2 NA
BIOFAO016 - Ludmilla Creek (Estuarine Area)
November 2021 | 5 invertebrate PFOS 0.007 to 0.012 5 NA 0
samples PFOA <0.001 to 0.004 3 NA 0
PFOS+PFHxS 0.007 to 0.012 5 NA 0
BIOFAO018 - Ludmilla Creek (Boat Ramp)
November 2021 | 21 Fin-fish PFOS <0.001 to 0.009 15 4 NA
samples PFOA <0.001 (all samples 0 0 NA
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No. of samples No. of samples
Sample concentration ~ No. of samples with exceeding 2-6 years exceeding 2-6 years
No. of samples Compound range (>LOR) (mg/kg)  concentrations above finfish (all species) crustaceans (all species)
(Department of Health (Department of Health

Sampling
event

2019) 2019)

BIOFA024 — Rapid Creek (Freshwater)

November 2021 | 3 crustacean PFOS 0.011 to 0.043 3 NA 0
sample PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHxS 0.016 to 0.058 3 NA 0

BIOFA026 - Rapid Creek (Freshwater)

November 2021 | 3 crustacean PFOS 0.021 to 0.022 3 NA 0
samples PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHxS 0.03t0 0.034 3 NA 0

BIOFA028 - Rapid Creek (Freshwater)

November 2021 | 3 crustacean PFOS 0.022 to 0.047 3 NA 0
samples PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHxS 0.038 to 0.068 3 NA 1

BIOFAO007 — Rapid Creek Mouth

November 2022 | 20 finfish samples | PFOS <0.001 to 0.03 14 5 0
and 1 crustacean PEOA <0001 0 0 0
sample

PFOS+PFHxS <0.001 to 0.03 14 5 0

BIOFAO016 - Ludmilla Creek (Estuarine Area)

November 2022 PFOS 0.006 to 0.018 5 NA 0
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Compound

Sample concentration
range (>LOR) (mg/kg)

No. of samples with
concentrations above
LOR

No. of samples
exceeding 2-6 years
finfish (all species)
(Department of Health
2019)

No. of samples
exceeding 2-6 years

crustaceans (all species)

(Department of Health
2019)

5 invertebrate PFOA 0.001 to 0.003 3 NA 0
samples PFOS+PFHXS 0.006 to 0.018 5 NA 0
November 2022 | 27 finfish and 3 PFOS <0.001 to 0.047 9 2 0
crustacean PFOA <0.001 to 0.001 1 0 0
samples

PFOS+PFHxS <0.001 to 0.047 9 2 0
November 2022 | 3 crustacean PFOS <0.001 to 0.006 2 NA 0
sample PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHXxS <0.001t0 0.011 2 NA 0
November 2022 | 3 crustacean PFOS 0.026 to 0.066 3 NA 1
samples PFOA <0.001 (all samples 0 NA 0

below LOR)
PFOS+PFHxS 0.033t0 0.078 3 NA 1
November 2022 | 3 crustacean PFOS 0.01t0 0.115 3 NA 1
samples PFOA <0.001 to 0.002 1 NA 0
PFOS+PFHxS 0.049 to0 0.139 3 NA 1

NA = Not applicable (no applicable guideline)
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8.0 Interpretive analysis

In addition to monitoring period data, historical data from 2018, 2019, and 2020 was included in the
assessment to analyse temporal trends, and the Site setting as outlined in Section 2.0 was considered
with regards to interpretation of the results. The historical data was obtained from the following reports:

e Detailed Site Investigation - Per - and Poly-fluoroalkyl Substances (PFAS) RAAF Base Darwin
(Coffey, 2018a)

e Supplementary Detailed Site Investigation - Per- and Poly-fluoroalkyl Substances (PFAS) - RAAF
Base Darwin (Coffey, 2018b)

e RAAF Base Darwin PFAS Health Risk Assessment (Coffey, 2018c)
e PFAS Management Area Plan - RAAF Base Darwin (Defence, 2019)
e RAAF Base Darwin - Interpretive Report 2020 (AECOM, 2020).

For groundwater, where sufficient data is available, nominally eight or more like data points, Mann-
Kendall statistical analysis has been utilised to determine the presence or non-presence of trends within
individual monitoring locations. The smaller the sample set size available for statistical analysis the
lower the potential accuracy of the statistical analysis results. As such, Mann-Kendall statistical analysis
has only been applied to locations with a minimum of seven available data points. Additionally, where a
location appears to be seasonally influenced with higher or lower concentrations reported during dry or
wet seasons, the application of Mann-Kendall statistical analysis has been assessed to have limited
benefit. In these instances, the assessment of results has been guided by temporal trend review
instead. For surface water, temporal trend assessment of scatter plots presenting concentrations
against daily rainfall averages were carried out.

8.1 Hydrogeology

The SWLs were measured in groundwater monitoring wells and corrected to groundwater elevations (in
m AHD). Depth to groundwater measurements are presented in Table T1, Appendix C and the inferred
potentiometric contours for the monitoring wells for the November 2020 through March 2023 monitoring
events are presented on Figure F2a — Figure F2f (Appendix A).

Groundwater levels fluctuate across the Management Area over the wet and dry seasons, with higher
groundwater levels recorded in the late wet season and lower groundwater levels recorded in the late
dry season. Groundwater levels show between an approximate 1-metre and a 7-metre difference
between late wet and late dry season well gauge readings.

The inferred groundwater flow during the monitoring period at the base is consistent with the DSI
(Coffey, 2018a), with inferred groundwater flow following the localised topography, flowing north
(towards Rapid Creek) from the southern side of the main runway, to the south (towards Sadgroves and
Reichardt Creek) in the south of the base, and to the west (towards Ludmilla Creek) in the southwest of
the base.

8.2 Groundwater results
8.2.1 Overview

The highest PFAS concentrations reported for the monitoring period (between November 2020 and
June 2023) were detected on-base within source areas, in line with the CSM. The maximum
concentrations of PFOS+PFHXS reported during the monitoring period were as follows:

e Source Area 1, FFTA 1: 328 pg/L at MW422 (March 2022)

e  Source Area 4, FFF 6: 131 pg/L at MW303 (November 2020)

e  Source Area 6, ARFF fire station: 309 pg/L at MW115 (November 2020)
e  Source Area 11, CFTA: 102 pg/L at MW240 (November 2020).
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PFOS, PFOA or PFHXS concentrations were detected in monitoring wells down-hydraulic gradient from
the identified PFAS source areas and suggest that the groundwater impacts are likely to be associated
with these source areas.

The maximum off-base PFOS+PFHXS concentration was 23.2 pg/L at MW197 on the northern base
boundary (in November 2021). Other than MW197, the maximum off-base PFOS+PFHXS concentration
in groundwater was 4.75 pg/L at MW194 (in March 2023) also on the northern base boundary. These
suggest that the PFAS impact in groundwater is attributable to on-base PFAS source areas.

Reported concentrations of PFOS and PFHxS and/or PFOA exceeded previous maximum
concentrations at seven locations during the monitoring period, as follows:

e On-base: MW103 (Source Area 9), MW141 (boundary well down hydraulic gradient of Source
Area 2), and MW422 (Source Area 1)

e Off-base: MW176 (south of the base), MW185 (north of the base), MW197 (north of the base), and
MW?209 (southwest of the base).

These results indicate that there is variability in concentrations of PFAS in groundwater. Note that the
significance of this variation is discussed based on regions of interest in Section 8.3 below.

In addition to the seven locations above, six on-base locations (MW201, MW235, MW451, MW452,
MW453, MW454) were included in OMP monitoring for the first time during the monitoring period.
These locations recorded concentrations of PFAS greater than the LOR, and exceedances of both
ecological criteria and human health criteria (details in Section 7.1.5). These monitoring wells are
located within the existing Management Area, and groundwater monitoring has been completed as part
of the OMP historically in the vicinity of these locations. Specifically, MW201, MW451, and MW452 are
located in the western on-base region, MW235 and MW454 are located in the southeast on-base
region, whilst MW453 is located in the north on-base region. The results obtained from the six locations
during the monitoring period are within the historic concentration range for each of their respective
regions. As such these results are not considered to represent a change in the groundwater conditions
for these regions, nor a subsequent change in risk profile.

The PFAS concentrations in the remaining groundwater monitoring locations were also within historical
ranges. The reported concentrations from each sampling event included in this monitoring period are
further discussed in the sections below.

The nature and extent of groundwater PFAS are generally consistent with the understanding presented
in the 2020 AIR (AECOM, 2020), with the exception of the following changes identified during this
monitoring period:

e Review of the concentration trend in MW422 (Source Area 1) was recommended in the previous
report (AECOM, 2020) following its use as replacement for MW255, and subsequent new
maximum concentration reported for PFAS. During the current monitoring period, MW422 became
inaccessible due to construction works (last sampled in March 2022, discussed in Table 4) and
ongoing monitoring in this area was moved to alternate well MW235 (Sampled from September
2022). From the available data the concentration trend at MW422 appeared to be increasing
(discussed in Section 8.3.6 below). As discussed in Section 6.2 there has been PFAS soill
remediation activities completed in this source area. The concentrations here will continue to be
monitored for changes as part of the OMP.

e  Further monitoring at MW103 located at the former RAAF Fire Station (Source Area 9) during the
monitoring period has confirmed an increasing concentration trend for both PFOA and
PFOS+PFHxS. Concentrations are noted to remain within an order of magnitude of historical
ranges.

o  Off-base well MW195 reported concentrations above recreational human health criteria (NHMRC,
2019) during the 2019-2020 monitoring period. During the current monitoring period concentrations
were below recreational human health criteria, reported a stable trend, and remained within
historical ranges.
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8.3 Groundwater PFAS temporal trends
8.3.1 Overview

Temporal graphs and Mann-Kendall analysis are presented in Appendix D and Appendix E,
respectively, for PFOS+PFHxS and PFOA concentrations in groundwater at the following selected
locations indicative of regions of interest within the on-base and off-base areas:

e  Western (on-base)

e  South and west (off-base)

e North (on-base and off-base)
e Central (on-base)

e  Southeast (on-base).

A summary of the temporal trend graphs (included as Appendix D) which present historical
groundwater concentrations of PFOA and PFOS+PFHXS for the regions of interest are outlined in
Table 21 below.

Table 21 Summary of groundwater monitoring areas — temporal trend graphs

Graph ID Regions of interest Groundwater locations

G1 and G2 Western (on-base) On-base
MW103, MW107, MW128, MW148, MW201, MW215,
MW405, MW451, MWA452

G3 and G4 South and west (off-base) Off-base
MW176, MW180, MW200, MW209, MW210, MW211

G5 and G6 North (on-base and off- On-base
base) MW156, MW240, MW241, MW453
Off-base

Mw185, MW189, MW190, MW191, MW193, MW194,
MW195, MW197

G7 and G8 Central (on-base) On-base
MW115, MW133, MW144, MW205, MW292, MW303
G9 and G10 | Southeast (on-base) On-base
MW112, MW139, MW141, MW235, MW297, MWA422,
MW454

The Mann-Kendall analysis was used to assess the trends in the concentrations in groundwater and
whether they have a monotonic upward or downward trend. The significance of these trends is
determined by the confidence factor, or p value, of the analysis, as follows:

e A confidence factor over 95% indicates that there is an increasing or decreasing trend.

e A confidence factor over 90% indicates the there is a ‘probably increasing’ or ‘probably decreasing’
trend.

e A confidence factor less than 90% indicates ‘Stable’ or ‘No trend’.

Trend analysis was undertaken for locations which were sampled in the current monitoring period and
for locations which were consistently greater than the LOR. Where sample results were less than the
LOR, half the LOR was adopted for the Mann-Kendall analysis. A summary of the completed Mann-
Kendall analysis for PFOA and PFOS+PFHXxS (included as Appendix E) are outlined in Table 22
below.
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Table 22 Summary of groundwater monitoring areas Mann-Kendall assessment

Summary
Table ID

Table 23 Western (on-base) On-base
MW103, MW107, MW128, MW148, MW215,
MW405

Table 24 South and west (off-base) Off-base
MW176, MW180, MW200, MW209, MW210,
MW211

Table 25 North (on-base and off-base) | On-base

MW156, MW240, MW241

Off-base

MW185, MW190, MW191, MW193, MW194,
MW195, MW197

Region of interest Groundwater Locations

Table 26 Central (on-base) On-base
MW115, MW133, MW144, MW205, MW303
Table 28 Southeast (on-base) On-base

MW112, MW139, MW141, MW297, MW422

An interpretation of both the temporal trend graphs and Mann-Kendall assessments of PFOS+PFHxS
and PFOA concentrations for the regions of interest is presented in the following sub-sections.

8.3.2 Western (on-base) monitoring wells

Monitoring wells in the western portion of the base target Source Areas 7 (Hangar 31), 8 (Former Fuel
Farm 1) and 9 (Former RAAF Fire Station) and the movement of groundwater from these areas to the
west. A summary of the well locations are as follows:

MW103: located at the Former RAAF Fire Station (Source Area 9)
e MW?107: located between FFF 1 & Former RAAF Fire Station

e MW?215: located at the FFF 1 (Source Area 8)

e  MWA405 (destroyed): located at Hangar 31 (Source Area 7)

e MW128, MW148, MW201, MW451, MWA452: located to the southwest and west, down the inferred
hydraulic groundwater gradient of the source areas.

Historical concentrations of PFOA and PFOS and PFHXS in the western (on-base) monitoring wells are
presented in Table T2 (Appendix C) and graphically in Graph G1 & Graph G2 (Appendix D).

Monitoring well MWA405 (adjacent Source Area 7) was destroyed during the AIR 7000 construction
project and has not been sampled since April 2020.

As discussed in Section 3.3 (Table 4), this deviation from the SAQP has resulted in a loss of coverage
in the area adjacent Hangar 31, though groundwater conditions in this general area are still able to be
monitored through the monitoring well network. Monitoring of MW215 located adjacent Source Area 8
(and in the vicinity of Source Area 7) continued during the monitoring period (with one exception, the
end of wet season event in March 2022, discussed in Table 4). Additionally various monitoring locations
have been included in the OMP to the down hydraulic gradient south and southwest.

In the absence of MW405, sampling of these nearby locations has facilitated the continued monitoring
of PFAS within the western portion of the base, though it is noted that assessment of potential changes
at Source Zone 7 are limited. It is also noted that there are limited groundwater monitoring wells
currently sampled under the OMP in the western portion of the base, to the northwest of Source Area 7,
8, and 9. Monitoring additional available wells in this area would reduce uncertainty.

The temporal trend analysis graphs (Appendix D) show that PFAS concentrations in MW103 and
MW405 (locations adjacent to the sources) experience seasonal fluctuations, notably:
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e At MW103 these fluctuations resulted in an increase in PFAS concentrations during the dry

season, indicating a dilution effect from the wet season rainfall.

e At MWA405 (for the available data) concentrations were generally seen to increase following the wet
season, indicating that there might be vertical migration of contamination driven by the increased

rainfall.

The Mann-Kendall statistical trends analysis indicates that monitoring location MW103 (Source Area 9)
exhibits an increasing trend, whilst probably decreasing and decreasing trends are seen at MW107
(PFOS+PFHXxS only) and MW148 respectively. It is noted that due to observed seasonal variability in
MW103, Mann-Kendall statistical trend analysis may provide reduced benefit for trend assessment.

Reviewing beyond these results, the increases in PFAS at MW103 are noted to have occurred in Q4
2020, and concentrations have remained within an order of magnitude of the historical maximum. The
reason for this increase is not known, though it is noted that this increasing trend at the source area
does not define the dominant trend for the region of interest, and down hydraulic gradient monitoring
results are generally decreasing or stable.

As noted in Section 6.2, further works are being undertaken to assess the nature and extent of PFAS
contamination in source areas which includes Source Area 9. The Site RAP (in development) and
remediation investigations (in progress) also include Source Area 9. The completion of these works will
further inform the assessment of contamination in this region of interest.

Statistical analysis results are summarised in Table 23 below. Note that locations MW201, MW451, and
MW452 (all down hydraulic gradient) were excluded from statistical assessment as they did not have
sufficient historical results (two results each).

From the temporal trend graphs G1 and G2 (Appendix D) there is evidence that MW451 and MW452
are likely to be seasonally variable, with concentrations increasing through the wet season, similar to

MW405.

Table 23 Western (on-base) Mann-Kendall summary

Historical Current
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max ‘ Teend Confidence
(ng/L) (ug/L) factor
MW103% PFOA 0.02-0.31 0.23-1.11 Increasing 96.9%
PFOS+PFHXS | 1.96-21.7 14.10-48.6 Increasing 96.9%
MW107 PFOA 0.15-0.26 0.16-0.27 Stable 82.3%
PFOS+PFHxS | 8.80-14.8 8.46-13.2 Probably 93.7%
decreasing
MWwW128 PFOA 0.12-0.65 0.10-0.21 Stable 87.7%
PFOS+PFHxS | 7.90-35.2 5.52-12.00 Decreasing 99.0%
MW148 PFOA 0.10-0.45 0.10-0.13 Decreasing 99.6%
PFOS+PFHxXS | 6.94-27.40 6.45-9.62 Stable 87.0%
MW215 PFOA 0.05-0.26 0.09-0.15 Stable 62.2%
PFOS+PFHxS | 3.84-14.70 5.97-9.32 Stable 58.8%
MW405% PFOA 0.06-0.77 No sample No trend 54.0%
PFOS+PFHxXS | 2.03-48.90 No sample Stable 46.0%

% denotes observation of seasonal variability
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8.3.3 South and west (off-base) monitoring wells

The wells located to the south and west of the base monitor PFAS concentrations in groundwater
migrating from on-base Source Areas towards creek and estuarine systems. The locations are
summarised as:

e MW176, MW180, MW200 and MW211: located in the Winnellie industrial area which is down the
inferred groundwater gradient of six Source Areas south of the main runway (Source Area 1 to 6)

e MW?210: located in Coconut Grove, down the inferred groundwater gradient of Hangar 31, Former
Fuel Farm 1 and the Former RAAF Fire Station (Source Area 7 to 9)

. MW209: located in the residential suburb, The Narrows.

Historical concentrations of PFOA and PFOS and PFHXS in the south and west (off-base) monitoring
wells are presented in Table T2 (Appendix C) and graphically in Graph G3 and G4 (Appendix D).

Based on a review of the graphs, a consistent seasonal variability mechanism is not observed at these
locations.

Increases in concentrations following dry season were observed at MW176, MW180, MW200, MW210,
and MW211. These observations included: MW180 and MW200 in Q4 2018, MW200 in Q4 2021, and
at MW176, MW180 and MW210 in Q4 2022, but these trends were not observed on an annual basis
with the change of each season. The variability in the data set at these locations will likely impact the
ability of Mann-Kendall assessments to determine statistical trends. It is noted that as the variability was
not observed with each season, no additional seasonal variations of Mann-Kendall assessment were
completed for this region.

At least one of PFOA, PFOS, or PFHXS concentrations were reported above laboratory LORSs in all
south and west (off-base) monitoring locations at least once during the reporting period. Analytical
results are summarised in Table 24 below.

PFOA concentrations are generally stable, at or near LOR for all locations. PFOS+PFHXS
concentrations generally presented a stable trend, or no trend, though did remain within an order of
magnitude of historical observations.

As noted in Section 6.2, further works are being undertaken to assess the nature and extent of PFAS
contamination in source areas upgradient of these off-base monitoring wells (including MW209 and
MW211), with remediation works having been undertaken at Source Area 1 during this monitoring
period. Additionally, Site RAP (in development) and remediation investigations (in progress) will include
Source Areas 3, 4, and 9. The completion of these works will further inform the assessment of this
region of interest.

Table 24  South and west (off-base) Mann-Kendall summary

Historical Gl
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max ‘ Trend Confidence
(ng/L) (ug/L) factor
MW176 PFOA <LOR <LOR -0.01 No trend 69.4%
PFOS+PFHxS | 0.10-0.21 0.08-0.17 No trend 54.0%
MW180 PFOA <LOR -0.01 <LOR Stable 65.6%
PFOS+PFHxS | 0.05-0.47 0.05-0.27 No trend 70.4%
MW200 PFOA <LOR-0.06 <LOR-0.04 Stable 84.8%
PFOS+PFHxS | 0.62-4.1 0.61-2.49 Stable 82.1%
MW209 PFOA <LOR <LOR-0.01 No trend 57.1%
PFOS+PFHxS | <LOR-0.05 <LOR-0.02 Stable 88.6%
MwW210 PFOA 0.02-0.06 0.02-0.06 Stable 54.8%
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Historical Current
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max ‘ Trend Confidence
(ng/L) (ug/L) factor
PFOS+PFHxS | 1.52-4.31 1.32-4.28 Stable 74.5%
MwW211 PFOA <LOR <LOR Stable 47.6%
PFOS+PFHxS | 0.24-0.58 0.03-0.43 Probably 94.3%
decreasing
8.3.4 North (on- and off-base) monitoring wells

Monitoring wells to the north of the base include on and off-base locations are as follows:

e MW156, MW191, MW193 (and alternate well MW190), MW194 and MW195: located on DIA lease
area adjacent to Rapid Creek on the base’s northern boundary.

e  MW185: located off-base, to the north of McMillians Rd adjacent to Rapid Creek
e MWA197: located off-base at the FFTA 2 (Source Areas 10)
e  MW240, MW241, and MW453: located on-base at CFTA (Source Areas 11).

Historical concentrations of PFOA and PFOS and PFHXS in the north on-base are presented in
Table T2 (Appendix C) and graphically in Graph G5 and G6 (Appendix D).

From the graphs a consistent seasonal variability mechanism (e.g. dilution or a first flush) is not noted
for any locations. It is noted that concentrations of PFAS are seen to fluctuate by one to two orders of
magnitude in locations along Rapid Creek (MW156, MW185, MW191, MW195), though these
fluctuations are not in line with a particular season, as concentrations are sometimes seen to peak in
the dry season sampling event, whilst other times seen to peak in the wet season sampling event.

The unstable nature of concentrations in groundwater adjacent Rapid Creek is likely linked to the
variable nature of PFAS within surface water in Rapid Creek, which is discussed in Section 8.5. As set
out in Table 1 (Section 2.1), surface water / groundwater interactions are present within the unconfined
aquifer along Rapid Creek, and significant changes in standing water levels are observed in
groundwater monitoring wells in this area.

The variability in the data set at these locations will likely impact the ability of Mann-Kendall
assessments to determine a statistical trend, and potentially the applicability of a result.

All north on-base and off-base monitoring locations reported at least one of PFOA, PFOS or PFHxS
concentrations above laboratory detection limits during the reporting period. Analytical results are
summarised in Table 25.

Monitoring locations generally presented a stable or decreasing trend. On-base locations adjacent to
Source Area 11 (MW240, MW241, and MW453) presented the highest concentrations of PFAS of this
area. These locations presented stable to potentially decreasing concentrations trends.

As noted in Section 6.2, interim PFAS management measures have been implemented at the CFTA to
reduce mass flux from the concrete pad. These works may have contributed to these stable to
potentially decreasing concentration trend observations. Further works examining the nature and extent
of PFAS contamination are being undertaken into Source Area 11 as part of the balance of Site RAP (in
development) and remediation investigations (in progress). The completion of these works will further
inform the assessment of this source area.

Monitoring locations adjacent to Rapid Creek presented a generally stable or decreasing Mann-Kendall
trends. MW156 in this area was noted to have concentrations of PFAS increasing since the historical
low concentration was reported in November 2020. Concentrations at MW156 since the November
2020 rebound have been within the range of historical observations for both MW156 and other Rapid
Creek groundwater monitoring wells (MW185, MW190, MW191, MW193, MW194, and MW195).
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It is noted from Section 6.3 that work is planned to remediate PFAS impacted soils from the Runway 29
overshoot drain as part of PO009 runway works. Given the overshoot drain feeds into Rapid Creek, and
the observed interaction between surface water in Rapid Creek, and groundwater in this area, the
completion of these works should have a downward influence on PFAS concentrations in this area.

Table 25 North on-base and off-base Mann-Kendall summary
Historical Current
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max Trend Confidence
(ng/L) (ug/L) factor
MW156% PFOA <LOR-0.52 <LOR-0.16 Decreasing 96.6%
PFOS+PFHxXS | 0.58-28.20 0.47-8.72 Decreasing 98.0%
MW185% PFOA <LOR-0.02 <LOR-0.02 No trend 80.6%
PFOS+PFHxS | 0.01-0.70 0.02-0.38 No trend 84.8%
MW190 PFOA 0.05-0.15 <LOR-0.08 Stable 87.3%
PFOS+PFHxS | 0.99-9.96 0.03-4.39 Probably 92.2%
decreasing
MW191% PFOA 0.03-0.15 <LOR-0.05 Probably 91.6%
decreasing
PFOS+PFHxXS | 1.91-9.8 0.01-3.18 Decreasing 95.9%
MW193 PFOA 0.01-0.08 <LOR-0.01 Decreasing 98.4%
PFOS+PFHXS | 0.94-5 0.13-0.95 Decreasing 99.7%
MwW194 PFOA 0.04-0.18 0.04-0.08 Stable 79.1%
PFOS+PFHxS | 2.96-10.63 2.60-4.75 Probably 91.3%
decreasing
MW195% PFOA <LOR-0.03 <LOR-0.02 Stable 62.6%
PFOS+PFHxS | 0.11-4.02 0.09-1.77 Stable 62.6%
MW197 PFOA 0.11-0.18 0.12-0.3 No trend 59.0%
PFOS+PFHxS | 6.3-12.00 7.2-23.2 Stable 82.1%
MW240 PFOA 3.10-56.00 2.85-8.40 Probably 92.4%
decreasing
PFOS+PFHxS | 22.30-360.00 | 24.70-102.00 | No trend 87.5%
MwW241 PFOA 1.55-3.60 1.62-3.10 Stable 76.2%
PFOS+PFHxS | 11.10-28.50 9.20-27.00 Stable 54.0%

% denotes observation of seasonal variability

8.35

Monitoring wells in the central base area includes source and down hydraulic gradient monitoring

Central (on-base) monitoring wells

locations. The monitoring locations are summarised as:

e MW115: located at the Former ARFF Fire Station (Source Area 9), where the highest PFAS
concentrations are found at the base (Source Area 6)
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e  MW?205: located to the north of FFF 4 (cross hydraulic gradient) and FFF 6 (down hydraulic

gradient)

e MW303 and MW133 (and replacement well MW292): located at FFF 4 and FFF 6 (Source Areas 3

and 4)

e MW?144: located at the southern base boundary and down hydraulic gradient from the Former
ARFF Fire Station, AFFF contaminated soil stockpiles, FFF 4 and FFF 6 (Source Areas 9, 5, 3 and
4 respectively).

Historical concentrations of PFOA and PFOS and PFHXS in the central on-base monitoring wells are
presented in Table T2 (Appendix C) and graphically in Graph G7 and G8 (Appendix D).

All central on-base monitoring locations reported PFAS concentrations above laboratory detection limits
during the reporting period.

Locations MW115 (Source Area 6) and MW133 (Source Area 4), two of the more heavily impacted
groundwater monitoring locations on the base, reported decreasing, probably decreasing, and stable
trends for PFAS. Other locations were generally stable. Statistical analysis results are summarised in

Table 26 below.

Given that there may be seasonal influence at monitoring locations MW144, MW205, and MW303,
additional Mann-Kendall analysis was completed by separating the data for dry and wet seasons. It is
noted that this assessment only considered data which conformed to the accepted end of wet and end
of dry monitoring periods. With these data set limitations, between four and six sampling points were
considered by each of these six Mann-Kendall assessments.

The results of these assessments are presented in Table 27 below. Based on the analysis it was
observed that both dry and wet seasons were holding a generally stable trend. Due to the limitations of
the data set, the results obtained from seasonally filtered testing should be considered to be of low
reliability until additional sampling data from future sampling events is collected.

It is noted that Source Area 5 was remediated during the monitoring period which might have
contributed to the stable trend noted in MW144, whilst Source Area 3, 4, and 9 within this region of
interest are included in a program of further works looking into the nature and extent of PFAS
contamination at the base (as detailed in Section 6.2). A Balance of base RAP (in development) and
remediation investigations (in progress) will further inform the nature and extent of impacts within this

area of the base.

Table 26 Central on-base Mann-Kendall summary

Historical el
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max Trend Confidence
(ng/L) (ug/L) factor
MW115 PFOA 68.00-386.00 | 64.50-309.00 | Decreasing 98.2%
PFOS+PFHxS | 1.30-9.50 1.14-3.15 Decreasing 95.4%
MW133 PFOA 39.80-143.90 | 14.8-56.00 Probably 93.6%
decreasing
PFOS+PFHxS | 0.53-1.69 0.27-0.80 Stable 88.6%
MW144% PFOA 2.75-15.90 2.15-6.87 Probably 90.8%
decreasing
PFOS+PFHxS | 0.05-0.26 0.03-0.10 Stable 82.3%
MW205% PFOA 0.65-9.00 0.91-6.88 Stable 70.5%
PFOS+PFHxS | <LOR-0.14 <LOR-0.12 Stable 68.4%
MW303% PFOA 32.00-173.00 | 32.90-131.00 | Stable 82.1%
PFOS+PFHxS | 0.87-4.5 0.84-3.34 Stable 89.1%
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Table 27 Central on-base Mann-Kendall summary — seasonally filtered

70

Historical Currgnt.
: range monitoring Mann-Kendall trend

Location ID Analyte period

Min — Max Min — Max Trend Confidence

(ug/L) (Ve]i ) factor
MW144 PFOA 4.80-7.90 | 4.55-6.87 Stable 76.5%
dry season PFOS+PFHXS | 0.06-0.12 0.08-0.10 Stable 50%
MW144 PFOA 2.55-2.80 2.15-3.69 No trend 40.8%
wet season PFOS+PFHxS | 0.03-0.05 0.03-0.05 Stable 40.8%
MW205 PFOA 0.99-9.00 1.45-6.88 Stable 50%
dry season PFOS+PFHxS | <LOR-0.14 | <LOR-0.12 | Stable 39.3%
MW205 PFOA 0.65-5 0.91-4.01 Stable 64%
wet season PFOS+PFHxS | <LOR-0.09 | <LOR-0.09 | Stable 64%
MW303 PFOA 129.00 81.30-131.00 | Stable 83.3%
dry season PFOS+PFHXS | 3.30 3.00-3.34 Stable 62.5%
MW303 PFOA 32.00-46.70 | 32.90-54.90 | Stable 88.3%
wet season PFOS+PFHXS | 0.87-1.22 0.84-1.80 No trend 75.8%

8.3.6 Southeast (on-base) monitoring wells

Monitoring wells in the southeast base area include source, and down and cross hydraulic gradient
monitoring locations. The monitoring locations are summarised as:

e  MW112: located to the north (down hydraulic gradient) of FFF 5
e MWA422 and MW235: located at the FFTA 1 (Source Area 1)
e  MW2139: located directly south (cross hydraulic gradient) of FFTA 1, at the base boundary

e MW141: located at the southern base boundary and is down the inferred hydraulic groundwater
gradient from the FFTA 1 and FFF 5

e MW297: located at the FFF 5 (Source Area 2).

Monitoring location MW235 has been sampled since September 2022 as an alternative monitoring
location to MW422 after it became inaccessible in September 2022. MW422 monitors Source Area 1
which is being remediated during the monitoring period (discussed in Section 6.2). MW422 historically
reported higher concentrations than observed at MW235. This is expected as MW422 is located
immediately adjacent to Source Area 1. The completion of these remediation works and their
associated validation works will further inform the nature and extent of PFAS concentrations in this
source area.

It is noted that concentrations trends at MW422 had been increasing up until the well's last available
sampling event in March 2022. Following the completion of remedial works, ongoing monitoring of
MW422 (or a suitable replacement well if this well has not been preserved during the remedial works
program) will allow for the assessment of the effect of the remediation on PFAS concentrations in
groundwater. In the absence of MW422 data, ongoing monitoring of MW235, as well of monitoring
locations down hydraulic gradient from MW422 (MW141 and MW180 [presented in Section 8.3.3])
would reduce uncertainty in the vicinity of the source area.

Historical concentrations of PFOA and PFOS and PFHXS in the southeast on-base monitoring wells are
presented in Table T2 (Appendix C) and graphically in Graph G9 and G10 (Appendix D). All
southeast on-base monitoring locations reported concentrations of at least one compound of PFOS,
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PFOA or PFHXS above laboratory detection limits during the reporting period. The observed trends
indicate that wells MW139 and MW297 are seasonally influenced, with concentrations increasing
through the dry season, and decreasing in the wet season possibly indicating a dilution mechanism. For
these locations, an additional pair of Mann-Kendall assessments were completed, filtering dry and wet
season observations separately.

From the full data set Mann-Kendall assessment (summarised in Table 28), whilst PFOA
concentrations at MW141 remain below the LOR, PFOS+PFHXS was assessed to be probably
increasing. The concentration increases observed at MW141 during the monitoring period only
constitute a minor (0.05 pg/L of PFOS+PFHXS) increase against historical observations at MW141, and
remain below the historical ranges of groundwater concentrations of PFOA, and PFOS and PFHxS
compared against MW180 (located nearby, down / cross hydraulic gradient of MW141, off-base, and
within a residential setting, discussed above in Section 8.3.3). As such this probably increasing trend

does not constitute a change in CSM for this area.

MW112 and MW139 reported decreasing PFOA, and PFOS + PFHXS concentration trends. From the
seasonally filtered dataset monitoring locations generally held a stable trend, with MW139 dry season
concentrations recording a decreasing trend for PFOS+PFHXS. It is noted that this assessment only
considered data which conformed to the accepted end of wet and end of dry monitoring periods.

With these dataset limitations, between four and six sampling points were considered by each of these
six Mann-Kendall assessments. This is less than the ideal minimum of seven observations (and in
some cases just above the absolute minimum of four observations) required by the Mann-Kendall
statistical assessment method. As such the results obtained from seasonally filtered testing should be
considered to be of lower reliability until additional sampling data from future sampling events is

collected. Seasonally filtered Mann-Kendall summary is summarised in Table 29 below.

Table 28 Southeast on-base Mann-Kendall summary

Historical current
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max ‘ Trend Confidence
(ng/L) (ug/L) factor
MW112 PFOA 0.13-0.34 0.15-0.32 Probably 90.8%
decreasing
PFOS+PFHxS | 8.50-28.50 8.23-21.80 Decreasing 97.1%
MW139% PFOA <LOR-0.07 <LOR-0.04 Decreasing 95.4%
PFOS+PFHxXS | 0.56-6.40 0.41-2.26 Decreasing 98.8%
MW141 PFOA <LOR <LOR Stable 47.6%
PFOS+PFHxXS | 0.21-0.40 0.30-0.45 Probably 94.3%
increasing
MW297% PFOA 0.11-1.31 0.02-1.04 No trend 78.4%
PFOS+PFHxS | 5.80-76.30 1.44-41.80 No trend 70.0%
MW422 PFOA 1.04-1.51 1.31-12.50 Increasing 97.2%
PFOS+PFHxS | 59.20-81.60 73.00-328.00 | No trend 64.0%

% denotes observation of seasonal variability

Table 29 Southeast on-base Mann-Kendall summary — seasonally filtered

Location ID

Analyte

Historical
range

Min — Max

Current
monitoring
period

Min — Max

Mann-Kendall trend

Trend

Confidence

MW139

PFOA

(Lg/L)
0.02-0.06

(Lg/L)
0.03-0.04

Stable

factor
64%
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Historical Cliey
range monitoring Mann-Kendall trend
Location ID Analyte 9 period
Min — Max Min — Max Trend Confidence
(ng/L) (ng/L) factor
dry season PFOS+PFHXS | 2.31-5.7 2-2.26 Decreasing 99.9%
MW139 PFOA <LOR-0.01 <LOR-0.01 Stable 39.3%
wet season PFOS+PFHxS | 0.56-0.71 0.41-0.66 Stable 57%
MW297 PFOA 1.31 0.49-1.04 Stable 62.5%
dry season PFOS+PFHXS | 76.3 30.6-41.8 Stable 37.5%
MW297 PFOA 0.11-0.15 0.02-0.05 Stable 82.1%
wet season PFOS+PFHXS | 5.8-9.78 1.44-3.6 Stable 88.3%
8.4 Surface water results
8.4.1 Overview

A comparison of PFOA and PFOS+PFHXS concentrations in surface water to the assessment criteria is
presented in figure series Figure F5 in Appendix A. PFOS, PFOA or PFHXS concentrations were
detected in surface water monitoring locations both on-base and off-base down gradient from the base
(and associated on-base PFAS source areas).

The highest PFAS concentrations reported for the monitoring period were detected within off-base
drains leading from the base. PFOS+PFHXS concentrations within surface water are higher than PFOA
concentrations. The maximum concentration of PFOA was detected at SW300 (off-base drain from
CFTA (Source Area 11)) at 0.36 pg/L in April 2023. The maximum concentrations of PFOS+PFHXS
reported during the monitoring period are listed below. The results have been sorted based on surface
water areas, in line with temporal trend discussions presented in Section 8.5 below.

e Rapid Creek (freshwater), 3.7 ug/L at SW104 located north of the eastern end of Larkin Avenue
(March 2023)

e Rapid Creek (estuarine), 0.96 pg/L at SW112 within the Rapid Creek mangrove forest (December
2020)

e Rapid Creek catchment (surface drains), 5.37 ug/L at SW114 located north of Larkin Avenue,
within a north flowing drain (March 2023)

e Rapid Creek catchment (on-base source areas), 2.52 ug/L at SW312 from drainage at FFTA 1
(Source Area 1) (March 2023)

e Ludmilla Creek catchment, 4.6 ug/L at SW125 located at a drain outlet west of Nemarluk Drive
(March 2023)

e Reichardt and Sadgroves Creek catchments, 0.37 ug/L at SW143 monitoring discharge from
Sadgroves Creek (December 2020)

Reported concentrations of PFOS+PFHXS and/or PFOA exceeded previous maximum concentrations
at six locations during the monitoring period. The current monitoring period new maximum
concentrations compared to the historic maximum concentrations are listed as follows:

e SWI104 (PFOS:2.46 ug/L in March 2023 from 2.08 ug/L in Apr 2020, PFOS+PFHxS: 3.7 ug/L in
March 2023 from 3.57 ug/L in Apr 2020)

e SW113 (PFOS: 0.39 ug/L in January 2022 from 0.38 ug/L in March 2018, PFOS+PFHXS:
0.59 ug/L in January 2022 from 0.54 ug/L in March 2018)

e SWI124 (PFOS: 0.59 ug/L in Jan 2022 from 0.06 ug/L in January 2020, PFOS+PFHxS: 0.76 ug/L in
January 2022 from 0.09 ug/L in January 2020)
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e SW156 (PFOS: 0.56 ug/L in March 2023 from 0.38 ug/L in March 2018, PFOA: 0.04 ug/L in March
2023 from LOR in January 2018)

e SW178 (PFOS: 0.34 ug/L in Jan 2022 from 0.04 ug/L in March 2019, PFOS+PFHxS: 0.38 ug/L in
January 2022 from 0.04 ug/L in March 2019)

e SWI181 (PFOS: 0.96 ug/L in Mar 2023 from 0.57 ug/L in March 2018, PFOS+PFHxS: 1.04 ug/L in
March 2023 from 0.64 ug/L in March 2018)

Of the new maximum concentrations recorded, only the result at SW104 represents a new maximum for
a given area (an increase of ~4%), whilst all other new maximums are within the historic range for the
surface water area. The significance of this variation is discussed further based on areas in Section 8.5
below.

In addition to the six locations above, two on-base locations (SW152, SW312) and one off-base location
(SW300) were included in OMP monitoring for the first time during the monitoring period. These
locations recorded concentrations of PFOS, PFOA or PFHXS greater than the LOR. All three locations
exceeded of ecological criteria, whilst SW300 and SW312 also exceeded human health criteria (details
in Section 7.2.3).

Of these monitoring locations, SW152 and SW312 are in the eastern on-base region, within the existing
Management Area. Surface water monitoring has historically been completed as part of the OMP in the
vicinity of these locations and the results obtained do not represent a change from the historic dataset
for this area.

SWa300 is located off-base, at a drain leading from the on-base CFTA (Source Area 11). Surface water
results had not previously been obtained from drains from the CFTA, though surface drains within the
Rapid Creek catchment have historically been sampled (discussed in Section 8.5.3 below). The PFAS
results obtained from SW300 are within the historical range seen within these locations.

With the above exceptions considered, the overall surface water condition remains consistent with
previous assessments, as concentrations of PFAS generally remain within historical observations, with
limited outliers.

8.5 Surface water temporal trends

Temporal graphs are presented in Appendix D for PFOA and PFOS+PFHXS concentrations in surface
water at the following selected areas:

Rapid Creek (freshwater): 6 monitoring locations

e Rapid Creek (estuarine water): 2 monitoring locations

e Rapid Creek catchment (surface drains): 4 monitoring locations

e Rapid Creek catchment (on-base Source Areas): 5 monitoring locations
e Ludmilla Creek catchment: 4 monitoring locations

e Reichardt and Sadgroves Creek catchments: 4 monitoring locations.

A summary of historical surface water concentrations of PFOA and PFOS+PFHXS alongside average
daily rainfall are displayed graphically as temporal trends for the areas outlined in Table 30 below.

Table 30 Summary of surface water monitoring areas

Graph ID Area Monitoring locations
G11 and G12 Rapid Creek (freshwater) SW101 (and alternate SW152), SW104,
SW106, SW108, SW109
Gl13 and G14 Rapid Creek (estuarine water) SW112, SW113
G15 and G16 (Fjeapid)Creek catchment (surface SW114, SW115, SW168, SW300
rains
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Graph ID Area Monitoring locations
G17 and G18 Rapid Creek catchment (on-base SW156, SW170, SW178, SW181,
Source Areas) SW312
G19 and G20 Ludmilla Creek catchment SW120, SW124, SW125, SW160
G21 and G22 Reichardt and Sadgroves Creek SW132, SW133, SW143, SW162
catchments
851 Rapid Creek freshwater

Five surface water monitoring locations are located between the upper reach of Rapid Creek adjacent
to the end of eastern runway and McMillians Road. These locations monitor PFAS concentrations within
the upper portions of Rapid Creek. The locations are:

e SW101 (and alternate location SW152): located at the end of the eastern runway

e  SWI104: located north of the eastern end of Larkin Avenue

e SWI106: located at the base of a constructed rapid northeast of Sir Norman Brearley Drive
e  SW108: located west of where Henry Wrigley Drive crosses over Rapid Creek

e  SWI109: located south of McMillans Road and east of Charles Eaton Drive.

Historical concentrations of PFOA and PFOS+PFHXS in surface water from the upper reach of Rapid
Creek are presented in Table T4 (Appendix C) and graphically in Graph G11 and G12 (Appendix D).
It is noted that SW152 had not been sampled prior to this monitoring period.

All Rapid Creek freshwater monitoring locations reported PFAS concentrations above laboratory LORs
in at least one sample event during the reporting period. Generally, PFAS concentrations remained
within historical concentration ranges throughout the monitoring period, with the exception of SW104
(for PFOS+PFHxXS).

PFAS concentrations were generally observed to fluctuate across the wet season. Generally,
concentrations were higher at the end of the wet season then during the start of the wet season. This
suggests that PFAS is mobilised from on-base sources by rainfall to Rapid Creek freshwaters as the
season progresses.

It is noted that remedial activities both ongoing and proposed at the base are anticipated to reduce the
long-term mass flux from the base into Rapid Creek. Notable remedial work in this area includes the
planned clean out of the Runway 29 overshoot drains, which feeds into these sampling locations.
Monitoring in line with the completion of these works will inform the nature and extent of contamination
post remedial works.

8.5.2 Rapid Creek estuarine water

Two surface water monitoring locations are located in the lower reach of Rapid Creek. These locations
monitor PFAS concentrations within the lower portions of Rapid Creek. The locations are:

e  SW112: located within the Rapid Creek mangrove forest east of Rapid Creek Road
e SW113: located east of the Rapid Creek foot bridge north of Casuarina Drive.

Historical concentrations of PFOA, PFOS and PFHXS in surface water from the lower reach of Rapid
Creek are presented in Table T4 (Appendix C) and presented graphically in Graph G13 and G14
(Appendix D).

All Rapid Creek estuarine monitoring locations reported PFAS concentrations above laboratory
detection limits at least once during the reporting period. PFAS concentrations remained within an order
of magnitude of historical concentration ranges, experiencing minor increases during the wet season
peaks (peaking in December 2020 at SW112, and in January 2022 at SW113) within the monitoring
period. PFAS concentrations are observed to have seasonal variability, with increases noted as the wet
season progresses, in line with upgradient surface locations. The PFAS concentrations within the
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estuarine waters are lower than those in Rapid Creek fresh waters, likely due to mixing of freshwater
and saltwater within the estuarine zone.

8.5.3 Rapid Creek catchment surface drains

Three surface water locations monitor stormwater runoff from the base and DIA via surface drainage
features to Rapid Creek. The locations are:

e  SWI114: located within a north flowing drainage on the north side of the eastern portion of Larkin
Avenue

e  SWI115: Located within a north flowing drainage on the north side of the western portion of Larkin
Avenue

e  SW168: Located within a drainage that flows under Charles Eaton Drive, between Murphy Drive
and Charles Eaton Drive

e  SW300: Located at the drain from CFTA (Source Area 11).

Historical concentrations of PFOA, PFOS and PFHXS in surface water from the Rapid Creek catchment
surface drains are presented in Table T4 (Appendix C) graphically in Graph G15 and G16

(Appendix D). It is noted that SW300 had not been sampled prior to November 2022, but since then
has been sampled five times, as it has been included in the monthly surface water sampling events.

Rapid Creek catchment surface drain monitoring locations SW114, SW115, SW168, and SW300,
reported PFAS concentrations above laboratory detection limits at least once during the reporting
period. PFAS concentrations generally remained within historical concentration ranges during the
monitoring period. PFAS concentrations are observed to increase after the start of the wet season. This
seasonality was best seen in PFOS+PFHxS temporal trend Graph G16. It was noted that the
concentrations seen at these surface drains are higher than that seen within the receiving waters of
Rapid Creek. This is likely due to dilution of contamination into Rapid Creek waters.

854 Rapid Creek catchment on-base source areas
Five surface water locations monitor stormwater runoff from source areas. The locations are:
e  SW156: located adjacent to the CFTA (Source Area 11)

e  SW170: located north of the FFTA 1 (Source Area 1) and in the main southern drain discharging to
Rapid Creek

e SW178: located at FFF 5 (Source Area 2)
e  SW181: located north of FFF 4 (Source Area 3)
e  SWa312: drainage from FFTA 1 (Source Area 1).

Historical concentrations of PFOA and PFOS and PFHXS in surface water from the Rapid Creek
catchment on-base source areas are presented in Table T4 (Appendix C), and graphically in Graphs
G17 and G18 (Appendix D).

All on-base source area monitoring locations within the Rapid Creek catchment reported concentrations
of at least one of PFOA, PFOS, or PFHXS above laboratory LORSs at least once during the monitoring
period.

PFAS concentrations obtained during the monitoring period remained within an order of magnitude of
historical results. From review of the temporal trend graphs, concentrations in this region were seen to
fluctuate with no consistent pattern related to wet or dry seasons. This indicates that the PFAS
concentrations in surface water adjacent to on-base source areas is variable.

New monitoring location SW312 at the drainage from Source Area 1 reported PFOA and PFOS+PFHXS
concentrations higher than reported at other locations within this monitoring group. With no historical
data for this sampling location, the temporal significance of the results will be assessed when additional
data is collected during future monitoring events as part of the OMP.
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Note that remedial works have been ongoing at Source Area 1 during this monitoring period. Further
monitoring of this area will provide guidance on the impact of these works on the nature and extent of
PFAS in surface water in this area.

8.55 Ludmilla Creek catchment

Four surface water monitoring locations are located in Ludmilla Creek. The locations are:

e  SW120: located on the east side of where Ludmilla Creek flows under Dick Ward Drive

e SW124: |located where Ludmilla Creek enters Darwin Harbour at the end of Colivas Road

e SWI125: located at a drain outlet that empties out from beneath the west side of the south end of
Nemarluk Drive

e SWI160: located on-base, at a stormwater pipe connected to airside operations, upgradient from
Ludmilla Creek catchment.

Historical concentrations of PFOA and PFOS and PFHXS in surface water from the Ludmilla Creek are
presented in Table T4 (Appendix C) and graphically in Graph G19 and G20 (Appendix D).

All Ludmilla Creek monitoring locations reported PFAS concentrations above laboratory LORs at least
once during the reporting period. PFAS concentrations ranged within an order of magnitude of the
historical concentrations during the monitoring period.

The highest concentrations of PFAS in this area were reported in SW125 on the western boundary of
the base, which was the only sampling location with PFAS concentrations exceeding recreational
human health criteria (NHMRC, 2019). During the monitoring period the PFOS+PFHXS concentration
ranged between 3.45 pg/L and 4.60 pg/L, which were lower than the historical maximum of 10.2 pg/L
reported in March 2018 for the location.

Seasonal variability in PFAS concentrations was observed for SW124 and SW120. Concentrations of
PFAS at both locations remained below human health criteria for the monitoring period.

8.5.6 Reichardt and Sadgroves Creek catchments

Four surface water locations monitor the Reichardt and Sadgroves Creek catchments. These locations
are:

e SW132 and SW133: monitoring surface water discharging to Reichardt Creek
e  SW143: monitoring surface water discharging to Sadgroves Creek
e  SWI162: monitoring storm water leaving the base’s southern boundary.

Historical concentrations of PFOA and PFOS and PFHXS in surface water from the Reichardt and
Sadgroves Creek catchments are presented in Table T4 (Appendix C) and graphically in Graph G21
and G22 (Appendix D).

All Reichardt and Sadgroves Creek catchments monitoring locations reported PFAS concentrations
above laboratory detection limits at least once during the reporting period. PFAS concentrations in this
area remain below historical observations. Seasonal variability is not observed at these locations.
Concentrations of PFAS at these locations remained below recreational human health criteria (NHMRC,
2019), for the monitoring period.

8.6 Aquatic biota

The monitoring data in Table 31 below presents the aquatic biota concentrations gathered across the
Interim and OMP monitoring events and that have been collected from Rapid Creek freshwater
locations BIOFA024, BIOFA026 and BIOFA028; Rapid Creek estuarine location BIOFA0Q7; Ludmilla
Creek upper estuarine location BIOFA016; and BIOFA018 Ludmilla Creek lower estuarine location.
Monitoring activities are summarised in the Factual Reports provided in Appendix B.

The aquatic biota analytical PFAS results from the November 2020 to October 2022 sampling events,
and the interim and historical monitoring for each target aquatic biota group (including opportunistic
catch species) are summarised in Table T5 (Appendix C) of this report.
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Concentrations of PFOA in all sampled fish and crustaceans were below the adopted screening criteria
for aguatic biota Department of Health (2019) during the monitoring period. Concentrations of PFOA did
not exceed the limit of reporting across all OMP monitoring with exception to molluscs and crustaceans.
Concentrations of PFOS and PFHxS exceeded the adopted screening criteria for aquatic biota of
0.065 mg/kg for crustaceans and 0.0052 mg/kg for finfish Department of Health (2019) at monitoring
locations:
e  BIOFA007

- Two scat (Scatophagus sp.) in November 2021: 0.008 and 0.009 mg/kg

- One Barramundi (Lates calcarifer) in October 2022: 0.008 mg/kg

- One Forktail Catfish 1 (Neoarius sp.1) in October 2022: 0.011 mg/kg

- Two Forktail Catfish 2 (Neoarius sp.2) in October 2022: 0.03 and 0.36 mg/kg

- One Sea Mullet (Mugil cephalus) in October 2022: 0.009 mg/kg
. BIOFAQ018

- One Barramundi (Lates calcarifer) in November 2021: 0.01 mg/kg

- Three forktail Catfish 1 (Neoarius sp.1) in November 2021: 0.048, 0.009 and 0.031 mg/kg

- One Scatt (Scatophagus sp.) in November 2021: 0.009 mg/kg

- Two sea mullets (Mugil cephalus) in October 2022: 0.047 and 0.008 mg/kg
e BIOFA026

- One redclaw crayfish (Cherux quadricarinatus) composite in October 2022: 0.078 mg/kg
. BIOFAQ028

- Two redclaw Crayfish (Cherux quadricarinatus) composite in November 2021: 0.065 and
0.068 m/kg

- One redclaw Crayfish (Cherux quadricarinatus) composite in October 2022: 0.139 mg/kg

Of the 162 aquatic biota samples analysed during the reporting period, 17 analysed samples had
concentrations above the screening criteria, accounting for roughly ten percent of all analysed samples.

Sample locations BIOFA026 and BIOFA028, both located within Rapid Creek, reported new
exceedances of the screening criteria for redclaw crayfish in October 2022 and November 2021
sampling events, respectively. In each case the new exceedances were within an order of magnitude of
previous results from the same species from these same locations.

Note that a redclaw crayfish collected from location BIOFA028 in October 2022 reported a new
maximum concentration of 0.139 mg/kg for PFOS+PFHxS. However, redclaw crayfish analysed during
the investigative period in April 2017 reported PFOS+PFHXS concentration of 0.142 mg/kg from a
location within Rapid Creek, indicating the new maximum reported in the specific sampling location of
BIOFAO028 is consistent with historical sampling results for redclaw crayfish in Rapid Creek.

The risks associated with consuming aquatic biota remain similar to conditions described in the Human
Health Risk Assessment (HHRA) (Coffey, 2018c). Sampling of aquatic biota is primarily to inform NT
Department of Health to keep health advisories up to date.

The bioaccumulation of PFAS in aquatic biota will continue to be monitored through the OMP sampling.

The analytical results for diadromous and estuarine fish species, crustaceans and molluscs are
presented in Table 31 below. Historical, Interim monitoring and OMP analytical results can be found in
Table T5 in Appendix C.
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Table 31 Biota monitoring PFAS summary results (mg/kg)
Interim ..
Target Historical | monitoring Ol SEE
- Analyte
Species range
PFOS+ 0.079 0.0234 - 0.002 - 0.016 — ND —0.139
PFHxS ' 0.063 0.011 0.068
Crustaceans | PFOS 0.059 0.015-0.049 | ND -0.003 o(.)ogj?— ND-0.115
0.0006 — ND - 0.002
PFOA 0.0011 0.0008 ND ND
PFOS+ 0.010 - 0.0102- 0.007 — 0.004 -
PEHxS | 0.118 0.0261 ND —0.004 0.012 0.018
0.0081 - 0.0096 — 0.007 — 0.004 -
Molluscs PFOS 0.065 0.024 ND —0.002 0.012 0.016
proa | 0:0034- ND - 0.011 ND — 0.008 ND — 0.004 ND —0.003
0.018
E,Eﬁsg 0'0(}%5 ) 06082259_ ND-0.004 | ND-0.009 | NP~0:036
Diadromous X . .
or estuarine 0.011 - 0.0023 - ND — 0.035
fisht PFOS 0036 0.026 ND — 0.004 ND — 0.009
PFOA ND ND ND ND ND
Diadromous | PFOS+ ND - 0.0018 — ND — 0.047
or estuarine | PFHxS 0.014 0.0062 ND —0.001 ND - 0.048
fisht ND - 0.0018 — ND — 0.047
PFOS 0.014 0.0062 ND - 0.001 ND — 0.039
PFOA ND ND ND ND ND - 0.001

lIncludes non-target fish species

ND = Not detected above laboratory limits of reporting
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9.0 Conceptual site model

The CSM was developed during the investigation stages (Coffey, 2018a) and summarised in the PMAP
(Defence, 2019). The CSM summarises the linkages between sources, exposure pathways and
receptors.

The OMP monitoring over the monitoring period November 2020 to June 2023 discussed in this report
has provided additional data to further understand the nature and extent of PFAS concentrations in
groundwater, surface water and biota. Key observations included:

e  PFAS concentrations were generally within historical ranges.

e Mann-Kendall trend analysis of groundwater monitoring data from different locations indicated
variable trends, including stable, decreasing, increasing or inconclusive trends. Increasing trends
were limited to two on-base locations:

- MW103 at Source Area 9: Subject to additional investigation through the development of a
Site RAP and ongoing remediation investigations. The completion of these works will further
inform the assessment of contamination results at this location.

- MWA422 at Source Area 1: Ongoing remedial works have been conducted at Source Area 1
during the monitoring period, the impact of which will be subject to post remediation
monitoring.

e Concentrations of PFAS remain highest in the vicinity of the on-base source areas, with Source
Areas 1, 4, 6 and 11 recording the highest PFAS concentrations within the Management Area. Of
these, Source Area 6 is the only source not outlined for ongoing remedial works or assessment.

- Source Area 6 is noted to have a decreasing PFAS concentration trend.
e Concentrations of PFAS in groundwater are generally lower off-base compared to on-base areas.

While minor variations to the nature and extent of the PFAS plume and concentrations have occurred,
the PFAS transport mechanisms are unchanged, and changes to concentrations across the monitoring
extent have not constituted changes to the risk profile for the base. The concentration range reported
for groundwater and surface water monitoring locations for the monitoring period are shown in figure
series Figure F4 and Figure F5 (Appendix A).

When compared to the available historical dataset, the additional OMP data indicates that the nature
and extent of PFAS impacts in groundwater and surface water is largely unchanged since the CSM was
developed in the DSI (Coffey, 2018a).

The data presented in this report do not change the overall assessment of CSM sources, pathways
and/or receptors as described during the investigation stages (Coffey, 2018a) (Coffey, 2018b) and
summarised in the PMAP (Defence, 2019).
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10.0 Discussion

10.1 Risk profile review

The data collected during OMP monitoring between November 2020 and March 2023 when combined
with the 2018 — 2019 interim monitoring and 2019-2021 OMP monitoring suggest that the risk profile to
human health and ecological receptors within the base and off-base Management Area is overall
unchanged since the publication of the HHRA (Coffey, 2018c). This is based on the following
assessment of the OMP data:

Groundwater

e Nature and extent of groundwater PFAS impacts: The nature and extent of PFAS
concentrations in groundwater were generally similar to the 2020 AIR (AECOM, 2020) with the
highest concentrations reported at on-base Source Areas 1, 4, 6, and 11. Peak off-base
groundwater concentrations of PFAS are typically one to two orders of magnitude lower than seen
in these on-base source area results.

e Areas of groundwater PFAS concentration change: For the monitoring period it is seen that the
change in groundwater PFAS concentrations are limited and do not constitute a change in risk
profile for the base or the surrounding management zones. The fundamentals of the previously
derived CSM are generally supported by the data collected over the monitoring period, as
discussed in Section 9.0. Where new exceedances of criteria have been observed during the
monitoring period, these exceedances are noted to be at wells with no previous monitoring, in
regions where exceedances of the same order of magnitude are already present, as such the
reported concentrations do not constitute a change in risk for the regions.

Surface water

e Nature and extent of surface water PFAS impacts: Concentrations of PFOS and PFHXS remain
similar to previous results throughout the Management Area, with reported concentrations
generally staying within historical ranges and the conditions within the Management Area are
generally unchanged from the findings of the HHRA (Coffey, 2018c). All locations reported PFAS
concentrations below all guideline values for recreational water (NHMRC, 2019) with the exception
of the following five monitoring locations: SW104 and SW114 within the Rapid Creek catchment,
SW125 within the Ludmilla Creek catchment, SW300 from perched flow from the CFTA (Source
Area 11) drains toward Rapid Creek catchment, and SW312 from drainage at FFTA 1 (Source
Area 1). Locations SW104, SW114 and SW125 have historically been above the recreational
guideline and therefore this observation does not suggest a change in the risk profile. SW300 and
SW312 are new monitoring locations to the OMP and are discussed as follows.

e Areas of surface water PFAS concentration change: SW300 and SW312 are new monitoring
locations, first monitored in November 2022. These new concentration exceedances are not seen
to constitute changes in the risk profile as concentrations of PFAS at SW300 are similar to other
surface water concentrations within the Rapid Creek catchment surface drains grouping (notably
including SW114 which has historically exceeded criteria), whilst SW312 is located on-base
adjacent a source area (notably remediated during the monitoring period), and it is considered that
the receiving discharge point from the base from SW312 has already been considered within the
OMP.

Aquatic biota

e PFAS impacts: Concentrations of PFOS and PFHXS in aquatic biota sampled between November
2020 and October 2022 were all below the adopted screening criteria for aquatic biota (Department
of Health, 2019) with the exception of 15 samples. The results over the monitoring period are
similar to previous monitoring events and conditions described in the HHRA (Coffey, 2018c) for
sampled biota including fish, crustaceans, and/or molluscs with PFOS and PFHxS concentrations
above the adopted screening criteria for aquatic biota.

e Risks: The risks associated with consuming aquatic biota remain similar to conditions described in
the Human Health Risk Assessment (HHRA) (Coffey, 2018c). Sampling of aquatic biota is primarily
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to inform NT Department of Health to keep health advisories up to date regarding PFAS
concentrations in aquatic biota within the Management Area.

10.2 Assessment of current OMP

Based on the above review of the data collected during the current monitoring period, there are no
significant changes to the understanding of the nature, extent or risks associated with PFAS at the base
or within the Management Area, or the need for monitoring of additional media. It is also understood
that no significant OMP updates are required arising from stakeholder engagement or changes in land
use.

Based on this, there are no triggers to the requirement of a review of the OMP (Defence, 2019a).
However, since the development of the OMP, the following updated guidance has been published and
adopted, and should be included in the next revision of the OMP:

e Recreational water use (NHMRC [2019], PFAS Recreational Water guidelines)

e  Groundwater and surface water ecological guidelines (HEPA [2020], PFAS NEMP freshwater 99%
species protection).

Additionally, the revised OMP will also include the recommended changes to the SAQP’s sampling
locations where required, due to access restrictions, damaged monitoring wells or wells that could not
be located, as identified in the factual reports and summarised in Table 4. These additional
recommendations are provided separate to this report.
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11.0 Conclusions

Groundwater, surface water and aquatic biota monitoring were completed between November 2020 and
March 2023 in accordance with the SAQP (AECOM, 2023a).

The results for the monitoring period indicate that the nature and extent of PFAS in groundwater,
surface water and aquatic biota are consistent with previous findings.

Fluctuations in PFAS concentrations were observed and likely due to the seasonal variability of
Darwin’s wet and dry seasons. Concentrations of PFAS in groundwater are generally stable or
decreasing. Where concentrations have been detected to have increasing trends, it is noted that these
areas (namely at MW103 and MW422) are the focus of remedial activities (either proposed or ongoing).

The CSM was reviewed, and based on the results presented within this report, no changes were
identified to source, pathway or receptors at the base and within the Management Area.

Based on the data collected during the monitoring period, the risk profile has not changed within the
Management Area.

The monitoring conducted over the monitoring period is considered to have met the objectives of the
SAQP and the OMP. The groundwater monitoring network is considered generally appropriate and
sufficient for the program objectives, with the following observations:

e  The groundwater monitoring well network has limited coverage to the northwest of Source Area 7,
8, and 9. Monitoring of non OMP locations in this direction would remove uncertainty.

e  The well monitoring Source Area 7 (MW405) was destroyed following the April 2020 monitoring
event by construction activities in the area. Sampling of down hydraulic gradient wells not currently
sampled under the OMP would reduce uncertainty in this area.

¢ Remedial works being undertaken during the monitoring period have limited access to the well
monitoring Source Area 1 (MW422). Monitoring of down hydraulic gradient wells not currently
sampled under the OMP would reduce uncertainty in this area.
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