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Introduction

Fire and Rescue NSW (FRNSW) engaged GHD Pty Ltd (GHD) to develop a site improvement
plan for the management of contamination issues associated with the presence of per- and
poly-fluoroalkyl substances (PFAS) at the Albion Park FRNSW training facility, located within
Lot 10 DP 1157377 at Airport Road, Albion Park Rail NSW 2527 (the ‘site’). The location of the
site is shown on Figure 1, Appendix A.

1.1 Project background

FRNSW commissioned GHD to undertake environmental assessments at the site to assess the
extent and concentrations of PFAS at the site and surrounding areas. GHD conducted a
preliminary site investigation (PSI) in 2016 followed by two phases of detailed site investigations
(DSls) in 2017. The findings of the PSI and DSls are reported in:

e GHD (2016) Albion Park PFAS Investigation, Preliminary Site Investigation and Sampling
and Analysis Quality Plan, August 2016 (the PSI).

e GHD (2017a) Fire & Rescue NSW, Albion Park Training Facility, Environmental Site
Assessment. April 2017.

e GHD (2017b) Fire & Rescue NSW, Albion Park Training Facility, Phase 2 Environmental
Site Assessment. October 2017.

e GHD (2018) Fire and Rescue NSW, Albion Park, Lake lllawarra Biota Sampling, August
2018

Based on the findings of these studies, GHD prepared preliminary management option
approach for FRNSW for the remediation / management of PFAS at the site (provided as
Appendix B).

e GHD (2017c) Albion Park training facility, PFAS Management Options Assessment.
December 2017.

Based on the Options Assessment Report (GHD, 2017¢c), FRNSW requested GHD to develop a
site improvement plan to address the secondary source of PFAS on-site, namely the surface
water retention pond adjacent to the fire training area.

1.1 Objectives

This report aims to meet the following key objectives:

* Provide a strategy to manage or mitigate the potential risks posed by the presence of PFAS
contamination remaining within the sediments and water in the on-site retention basin
adjacent to the former fire training area.

* Provide recommendations to manage potential long term risk posed by residual PFAS
contamination remaining at the site following completion of the remediation (if any) and
detail ongoing monitoring requirements.

Further details on the site improvement works is provided in Section 6.2.
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1.2 Scope of work

In order to meet the objectives stated in Section 1.1, GHD has completed the following scope of
works:

e Consolidation of existing information, including the key outcomes of the previous stages of
site investigation, management options assessment and workshop sessions.

e Ateleconference with FRNSW to confirm the preferred approach for addressing the
retention basin.

e Development of this site improvement plan based on the preferred management approach.

1.3 Limitations

This report has been developed and should be read in conjunction with the limitations set out in
Section 10.

Measurements and volumes outlined in this report are based on estimates using aerial
photographs and some assumptions (as outlined within the report). Measurement details are
therefore approximate and should be confirmed by the contractor prior to use.
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Relevant guidelines and legislation

2.1 Site assessment

The principal Commonwealth environmental legislation for consideration in implementation of
remediation and validation works is the Environment Protection and Biodiversity Act 1999
(EPBC Act, Department of Environment and Energy [DoEE] 1999).

The EPBC Act provides that the Commonwealth is to be involved in matters of “National
Environmental Significance” (NES). The EPBC Act vests the Commonwealth Environment
Minister, in the absence of a referral, with the power to request referral of a proposal. Under the
environmental assessment provisions of the EPBC Act, actions that are likely to have a
significant impact on a matter of NES are subject to an assessment and approval process. The
EPBC Act identifies seven matters of NES:

] World Heritage properties.

. National Heritage places.

° Ramsar Wetlands of international significance.

. Nationally listed threatened species and ecological communities.
. Listed migratory species.

. Commonwealth marine areas.

. Nuclear actions (including uranium mining).

When there are habitats or species of national significance (as listed under the schedules of the
Environment Protection and Biodiversity Conservation Regulation 2000) within the project
remediation area likely to be impacted negatively upon by the proposed remediation works, then
preparation and lodgement of an EPBC Act referral to the Commonwealth for the assessment
would need to be considered and addressed accordingly.

The need or otherwise to initiate a referral or approval under the EPBC Act for the works
described herein is at the discretion of FRNSW. However, based on the available site
information, GHD considers it unlikely to be a requirement for these works.

Specific guidance on-site assessments and remediation is provided in:

e ASC NEPM, “National Environment Protection (Assessment of Site Contamination)
Measure”, National Environment Protection Council (NEPC), 1999 (as amended in 2013)

[ PFAS NEMP 2018: PFAS National Environmental Management Plan, Heads of EPAs
Australia and New Zealand (HEPA) January 2018

e  ANZECC 2000 Australian and New Zealand Environment Conservation Council (ANZECC)
Australian and New Zealand Guidelines for Fresh and Marine Water Quality

e  Contaminated Sites Act 2003 and Contaminated Sites Regulations 2006

e  DoEE 2016 Department of Environment and Energy (DoEE), October 2016. DRAFT
Commonwealth Environmental Management Guidance on Perfluorooctane Sulfonic Acid
(PFOS) and Perfluorooctanoic Acid (PFAS)

e Health 2017. Release of Food Standards Australia New Zealand’'s (FSANZ) report on:
Perfluorinated chemicals in food Supporting Information. Australian Government
Department of Health, 31 March 2017
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e NHMRC 2011 National Health and Medical Research Council (NHMRC) National Water
Quality Management Strategy, Australian Drinking Water Guidelines 6

e NSW EPA 2017 Contaminated Land Management — Guidelines for the NSW Site Auditor
Scheme (3 Edition).

e NSW OEH. (2011). Guidelines for consultants reporting on contaminated sites. Sydney:
NSW Office of Environment and Heritage.

The DSI (GHD, 2017b) was conducted prior to the release of the PFAS NEMP assessment
guidelines. The screening values applied in the DSI (GHD, 2017b) are the same for human
health in water. However, the soil human health and aquatic/terrestrial ecological assessment
criteria has changed since the completion of the DSI. The PFAS NEMP assessment criteria
apply to the same analytes as those assessed in the DSI (GHD, 2017b) and a preliminary
screening of results suggests that there are few new PFAS exceedances. The primary change
is in the aquatic criterion for PFOS, which is substantially lower. Potential risks to off-site aquatic
receptors, including Lake lllawarra, were considered as part of the DSI.

A targeted biota sampling program was completed in 2018 to assess potential risks to human
health associated with the consumption of seafood caught in the Lake. Further discussion on

the potential source — pathways — receptor linkages, including off-site aquatic environments is
provided in Section 4.1.

Additionally, GHD notes that the Australian Drinking Water Guidelines (ADWG) 6 (NHMRC,
2011) were updated to version 3.5 in August 2018, to amend screening criteria for some
existing analytes and to include criteria for the sum of PFOS/PFHxS and PFOA. The screening
values provided by NHMRC (2011, updated 2018) are the same as those provided in the PFAS
NEMP.

Analytical results from previous investigations for PFAS have been provided in Appendix C, with
updated relevant guidelines based on those used in the DSI reports (GHD, 2017a; GHD,
2017b). GHD notes that results from all areas of the site have been screened against all criteria
considered applicable to the investigation, and caution should therefore be applied in
interpreting noted exceedances. In particular, sediment samples have been included with soil
results, however there are no approved guidelines for the assessment of PFAS in sediments.

2.2 Remediation hierarchy

The key principles for remediation and management of contaminated sites presented in Volume
1 of ASC NEPM indicate that the preferred hierarchy of options for site clean-up and
management should include (in descending order):

¢  On-site treatment of contamination, so that the contaminant(s) are either destroyed or the
associated hazard is reduced to an acceptable level.

e Off-site treatment of excavated soil, so that the contaminant(s) are either destroyed or the
associated risk is reduced to an acceptable level, after which the soil is returned to the site.

If these options cannot be implemented, then the other options that should be considered
include:

¢ Consolidation and isolation of the soil on-site by containment with a properly designed
barrier; and

e Removal of contaminated material to an approved site or facility, followed, where
necessary, by replacement with appropriate material,

or,
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¢ Where the assessment indicates remediation would have no net environmental benefit or
would have a net adverse environmental effect, implementation of an appropriate
management strategy.

Considerations of sustainability and the Waste Avoidance and Resource Recovery (WARR) Act
(1997) also support avoiding off-site disposal.

ASC NEPM states that when deciding which option to choose, the sustainability (environmental,
economic and social) of each option should be considered, in terms of achieving an appropriate
balance between the benefits and effects of undertaking the option, and in cases where no
readily available or economically feasible method is available for remediation, it may be possible
to adopt appropriate regulatory controls or develop other forms of remediation.

For on-site containment of contamination, whether in a dedicated cell or as part of site
development, the NSW EPA Auditor guidelines (2017) requires that containment should only be
considered where other preferred approaches from the remediation hierarchy are not
applicable. If using a capping and/or containment strategy, it must achieve the following:

* maximise the long-term stability of the capping and/or containment system(s) and any
proposed structures above it (from an engineering perspective) and, where applicable,
minimises the potential for leachate formation and/or volatilisation

e notinclude the erection of structures on the capped and/or contained area that may result
in a risk of harm to public health or the environment

¢ include a notification mechanism to ensure that the capped and/or contained areas are
protected from any unintentional or uncontrolled disturbance that could breach the integrity
of the physical barrier, such as recommending placing a notation or covenant on the
property title or a notation on an s.149 certificate or issuing an order or placing a covenant
on the title to land under the CLM Act to require ongoing maintenance under the Act.

The Guidelines for the Assessment and Management of Groundwater Contamination (NSW
Department of Environment and Conservation (DEC), 2007) states that ideally, contaminated
groundwater should be restored as much as practicable to its natural background quality.
However, in practice, cleaning up, so natural background concentrations are restored can be
technically difficult and extremely costly and in most cases not possible through active means
alone. Section 4.3 “Clean up to the extent practicable” (CUTEP) of DEC (2007) acknowledges
that in some cases, it may not be practicable to continue clean-up of groundwater to the point
where all environmental values are restored, and in such cases an interim clean up goal can be
based on protecting environmental values and preventing potential risks to human and
ecological health.

The guidelines state that evaluation of the practicable limit of remediation should consider the
following factors:

¢ Technical capability to achieve clean-up

e  The clean-up cost

® The value of the groundwater resource

e Threats the contamination poses to human or ecological health.
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The guidelines include a number of requirements that must still be met in cases where clean-up
to restore environmental values cannot be achieved. These include:

plume containment to prevent further spreading

groundwater monitoring

periodic re-evaluation of the practicability of clean-up

provision for long-term resourcing and responsibility for any management strategy

a groundwater management plan specifying measures that will be implemented to mitigate
risks to human and ecological health.
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Site background

Key features of the area occupied by FRNSW include the administration buildings and site
offices and the main fire training area located to the south of the main driveway to the site. The
fire training area was primarily covered with asphalt and GHD understands that the area has not
been re-surfaced for at least five years.

One of the main features on-site is a pond, of dimensions 13 m by 37 m (based on aerial
photographs). This pond has been referred to as a “surface water retention basin” which
receives water draining from the fire training area. However, there is some doubt over whether it
was constructed specifically to act as a stormwater retention pond. A review of the historical
aerial photos suggest it was built in conjunction with the training facility and therefore more likely
to be a specific part of the facility. This is discussed further in Section 6.1.

The site boundary and key site features is presented in Figure 2, Appendix A.

3.1 Site setting

The main features of the Albion Park site setting and their relevance to determining appropriate
management options are provided in Table 3-1.

Table 3-1 Site features summary

Site location  Airport Road, Albion Park Rail, NSW Located near a significant
2527 (Part of Lot 10, DP 1157377) recreational area and ecosystem.
In close proximity to Lake lllawarra. Humans consume edible biota
from the Lake.
Geology and  Quaternary porous sediment aquifer Shallow aquifer may be more
hydrogeology over deeper fractured rock aquifer. transmissive than the deeper one
Groundwater is likely to flow towards and is likely to discharge into the
the Lake to the east. No extractive use Lake. Salinity is a significant
of groundwater down gradient of the controller of PFAS solubility and,
site. Groundwater is generally brackish  therefore, fate and transport.
to saline. Salinity likely to increase
towards the Lake.
Hydrology The site has a surface water retention Surface water drains may be a

pond located in the north-eastern corner
of the site, receiving onsite surface
water drained through a variety of
constructed drains. Onsite drains take
water off-site to an unnamed tributary of
Albion Creek, located approximately
420 m north of the investigation area.
Albion Creek discharges in Lake
lllawarra approximately 650 m east of
site.
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Contaminants PFAS — notably PFOS, PFHxS, PFOA.

3.2

of concern

Contaminant
sources

Identified in soil, sediment, groundwater
and surface water onsite and off-site.
PFAS can sorb to soil and sediments; is
water soluble, leachable and resistant to
degradation; is possibly toxic to animals
and humans; bioaccumulates in the
food chain; have long half-lives in
humans and a high adverse profile in
the media.

Aqueous Film Forming Foam (AFFF)
products containing PFAS are no longer
used on the site so no primary sources
exist. Secondary sources of PFAS
contamination include the retention
pond and site soils/sediments. The
highest PFAS in groundwater was found
in a well adjacent to the pond.

The retention pond contains elevated
PFAS and PFAS is widespread in soils
and drains.

Previous analytical results

The physico-chemical
characteristics of PFAS make
these chemicals very hard to
remove from the environment and
to destroy.

PFAS have been released to the
environment and therefore plants,
animals and human have the
potential to become exposed to
PFAS.

PFOS+PFHXS exceed screening
criteria in surface water and
groundwater.

PFAS have received very
negative reporting in the media
and have a high perception of risk
to the community.

The site, therefore, remains a
potential source of PFAS
contamination to off-site
receptors.

As discussed in Section 2.1, the DSI was conducted prior to the release of the NEMP (2018). A

summary of previous analytical results, with reference to current guidelines is therefore provided
in Appendix C for completeness, however interpretation of the results was beyond the scope of

this site improvement plan. Investigation locations are shown on Figure 3, Appendix A.

General findings from the DSI (GHD, 2017b) are summarised in the following subsections.

3.2.1 Soils and sediment

¢ The concentration of PFAS was greater than the laboratory limit of reporting (LOR) in soil
samples across the site.

e Sediment sample SS05 had the highest PFAS concentrations in sediment across the site.
This was taken from the retention pond.

e All off-site sediment samples reported detects of PFAS with the exception of SS02 and
SS06. This indicated that PFAS is likely to be migrating off-site via the surface water
drainage pathways.

® |eachability testing confirmed that PFAS impacted soils and sediments have the potential
to release PFAS to the environment at concentrations exceeding the nominated screening
levels.
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3.2.2 Groundwater and surface water

e Standing water levels in on-site wells were recorded to be between 2.61 m below the top of
well casing (MTOC) in GW04 and 3.35 mTOC in GWO02. The general groundwater flow
direction was inferred to be towards Lake lllawarra in the north-east.

® The highest concentration of PFAS contamination in groundwater was GW03 located
adjacent to the retention pond.

¢ The highest value of PFAS on-site was from the surface water retention pond in the north-
eastern corner of the fire training ground.

e PFAS was detected in all the surface water drainage lines downstream of the retention
pond.

* PFAS was detected down gradient in Albion Creek and its unnamed tributary adjacent to
Poplar Avenue.

e |evels of PFAS in surface water decreased with increasing distance from site.

e PFOS was detected close to the laboratory LOR in sediment from SS07. This location is a
tributary to the north of Albion Creek suggesting potentially another unconfirmed source of
PFAS.

3.2.3 Off-site biota sampling

Biological sampling of aquatic biota was conducted within the southern portion of Lake lllawarra,
following the detection of PFAS in sediments and surface water along Albion Creek and in the
southern reach of Koona Bay (GHD, 2017b). The focus of the sampling program was to assess
potential risks to human health associated with the consumption of aquatic biota from Lake
lllawarra. The assessment did not consider potential risks to ecological receptors.

The scope of works was developed in consultation with NSW Department of Primary Industries
— Fisheries (NSW DPI) and the NSW Environment Protection Authority (EPA) and included the
collection of aquatic organisms which were of high commercial and recreational value including
mud ark, yellowfin bream, dusky flathead, luderick, sea mullet and blue swimmer crabs. In
addition to biota samples, surface water and sediment samples were collected from the
southern half of Lake lllawarra in May 2018.

The results are summarised as follows:

e PFAS were not reported in surface water or sediment samples collected as part of the biota
sampling program of works

e PFOS was the only PFAS compound detected in biota samples, with concentrations
ranging from <0.5 pg/kg to 2.1 pyg/kg. The results were below the FSANZ (2017) trigger
points derived for fish (5.2 ug/kg) and crustaceans (65 ug/kg)

Based on the outcomes of the works, it was concluded that the potential risk to human
consumers of the species considered as part of the works was low and acceptable.
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Conceptual site model summary

4.1 Source-pathway-receptor linkages

A conceptual site model (CSM) was provided as part of the DSI reports (GHD, 2017b) and
updated based on the additional biota data collected in May 2018. This has been provided as
Table 4-1 in this report, and as a pictorial CSM provided in Figure 4, Appendix A.

Table 4-1 Refined CSM (GHD, 2017b)

Potential Primary pathway | Receptor Pathway present?
Source

Soils in Dermal contact
firefighting

training areas

Vertical/horizontal
migration of
leachate through
unsaturated zone

Surface runoff
and sediment
transport

Dermal contact
and ingestion

Surface water
retention pond

Vertical/horizontal
migration of water
through

unsaturated zone

FRNSW and
wider training
facility
commercial
workers and
intrusive
maintenance
workers.

Groundwater —
subsequent
migration in
groundwater
(secondary).

Surface waters
(including
drainage systems
— secondary
pathway).

Off-site
ecological.

FRNSW and
wider training
facility
commercial
workers.

Groundwater —
subsequent
migration in
groundwater
(secondary).

Down gradient
surface waters.

Unlikely — PFAS impact detected
in all shallow soil samples from
this area (all onsite locations)
however impact was below the
adopted assessment criteria.

Yes — PFAS impact in GWO03 and
GWO04, down-gradient of training
facility (noting groundwater flow
was inferred to be in a north-
easterly direction, and noting data
gaps outlined in Section 4.3).

Yes — PFAS detected in sediment
and surface water samples from
drainage lines associated with this
area.

Yes — off-site surface water
indicate PFAS impact above
ecological screening criteria,
which is likely to be associated
with the FRNSW site (noting data
gaps outlined in Section 4.3).

Unlikely — PFAS impact present
exceeding drinking water and
recreational criterion at SW05.
However, the retention pond is
enclosed by a fence and locked,
therefore access is limited.

Yes - PFAS impact in GW03,
GWO04 and GWO05, down-gradient
of training facility (noting
groundwater flow was inferred to
be in a north-easterly direction,
and noting data gaps outlined in
Section 4.3).

Yes — PFAS impact reported at
Albion Creek and at the outlet to
Koona Bay down-gradient of the
site (noting data gaps outlined in
Section 4.3).
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Potential Primary pathway | Receptor Pathway present?
Source

Surface Water Dermal contact Down gradient Yes — PFAS impact reported at
off-site — and ingestion surface waters. Albion Creek and at the outlet to
Albion Creek Koona Bay down gradient of the
and Lake site. Based on the results of biota
lllawarra sampling, GHD concluded that

the potential risk to human
consumers of the species was
considered to be low and

acceptable.
Down gradient Down gradient Yes — PFAS impact reported at
ecological surface waters. Albion Creek and at the outlet to
receptors Koona Bay down gradient of the

site.in sediments, surface water
and leachate. PFAS detected in
biota samples.

Contaminated  Vertical/horizontal Down gradient Yes — GWO03 and GW04 have
groundwater migration surface waters PFAS impact above adopted
recharged by assessment criteria off-site.
groundwater.
Abstraction bores  Unlikely — There are no known
(stock and/or user of groundwater down
domestic use). gradient of the site.

4.2 Risk assessment

A number of potentially complete pathways were identified for soils, sediments, surface water
and groundwater, as shown in Table 4-1. Identified soil impacts are not considered to be posing
direct human health risks, however relatively low concentrations of PFAS in soil can leach to
groundwater and surface water and result in exceedances of recreational and ecological
guidelines.

Based on the available data set, there appears to be a potential risk to off-site ecological
receptors via surface water and groundwater. However, risks to human health associated with
the consumption of aquatic species from Lake lllawarra are considered to be low and
acceptable based on the outcomes of the targeted biota sampling program (GHD, 2018).

Whilst the works completed to date suggested that potential risks to human health may be low,
GHD notes that presence of PFAS in off-site media also poses a potential reputational risk for
FRNSW. There is a high level of public concern over PFAS contamination, which could have a
detrimental effect on resources, property values and the reputation of the polluter.

4.3 Site investigation data gaps

Based on a review of the S-P-R linkages in Table 4-1, actions that could be further undertaken
to aid development of the site CSM include:

e Delineation of groundwater impact up-gradient and down-gradient of the site. Installation of
additional groundwater monitoring points will also aid in understanding the hydrogeological
conditions at the site.

e Assessment of other potential sources of PFAS in the local area, noting that PFAS was
detected in the most up-gradient groundwater monitoring locations, including consideration
of additional information for the airport (up gradient of the site) and the Rural Fire Service
property (cross gradient of the site).

¢ |Installation of groundwater data loggers in selected wells to determine tidal/seasonal
influences on groundwater movement at the site.
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e  Further understanding local community water use to adequately characterise risk from
groundwater impact. In particular, the poultry farm in close proximity to the site should be
assessed to close out possible risk to this receptor.

4.4 Drivers for site management

Based on the analytical results and site CSM, there appears to be a potential risk to off-site
ecological receptors of Albion Creek and Lake lllawarra. However, biota sampling indicated that
the potential risk to human consumers of the species considered as part of the works, was low.

Additionally, discussions with FRNSW indicated that the site lease may be terminated in the
future (before 2027). The site will then be handed back to Shellharbour City Council (‘Council’
[the site owner]) under the lease condition that the site will be “made good”.

Overall, the main driver for site management and to support future site lease termination
therefore include:

e The prevention of any further migration of PFAS from onsite sources to the off-site
environment.

It is noted that prevention of further PFAS migration from on-site surface water sources will
benefit the local ecosystems and also help to address any potential reputational risk for
FRNSW. Also, addressing the surface water source on site will reduce PFAS mass migration to
groundwater and therefore migration off-site via groundwater (to be assessed upon completion
of the site improvement works and through the implementation of a groundwater monitoring
program).
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Options approach

In order to determine the optimal remediation strategy for the site, GHD has undertaken an
assessment of the various available remediation options, in accordance with the hierarchy
endorsed by NEPM (2013) discussed in Section 2.2.

5.1 Previous options assessment report summary

A management options assessment report was prepared by GHD (2017¢) which outlined
potential management options to address onsite and off-site contamination of soil, groundwater
and surface water. This has been provided in Appendix B.

As outlined in the Options Assessment Report (GHD, 2017¢), GHD surmises that:

e Impacted PFAS sources include the retention pond water and sediment and site soils. The
extent of soil contamination may be relatively limited. Groundwater contamination appears
limited in extent and largely retained onsite. Off-site groundwater maybe impacted through
infiltration of PFAS from drains rather than large scale migration.

®  Soil and groundwater contamination remediation is not required to be addressed at this
stage as their impacts to off-site receptors is considered negligible. However, a more
systematic soil assessment across the site is recommended.

The main driver for management is the prevention of any further migration of PFAS from onsite
sources to the off-site environment, focussing on surface water migration. Addressing the main
source of PFAS contamination onsite (the retention pond) should be a priority to achieve this
outcome. Based on this, FRNSW have chosen to focus on removing a primary mass of PFAS at
the site being stored in soils, sediments and surface water associated with the retention pond.

5.2 Management principles

Management of the retention pond does not necessarily address all contamination, but rather
provides a means of mitigating further impact through a combination of source reduction and
isolation of a key source of contamination.

The overarching approach principles are:

e PFAS mass reduction through destruction, isolation and/or removal; or
e  Control of migration through interception or isolation; or

e A combination of the two.

The surface water and associated sediments in the retention pond and site drains appear to
represent the main potential sources of off-site PFAS impact. Based on the data collected in
previous investigations, the mass in the retention pond has the most likely potential to provide
PFAS mass to migrate off-site and impact onsite drainage lines and groundwater as well as off-
site drains and surface water bodies. These are readily accessible at the surface onsite and
therefore, are amenable to removal or treatment.

The PFAS identified to date in on-site soils does not represent a significant risk to human health
based on a commercial/industrial setting. Although there are some exceedances of the NEMP
2018 human health criteria for public open space (as shown in Table 1, Appendix C), this
landuse is not currently realised onsite. Therefore, physical removal of all impacted soil is not
considered a practicable immediate response or commensurate with the risks posed by the soil.
For both retention basin approach options (discussed in Section 6.3), soil excavation followed
by either off-site disposal, encapsulation or on-site treatment has only been considered as a
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target management opportunity associated with works to reduce PFAS mass in the surface
water and sediments.

Assessment of groundwater management has not been considered further in this report, as it
does not contribute to the mass of PFAS in the retention pond and does not appear to be a
major contributor to the risk to ecosystems. The Options Assessment Report (GHD, 2017c)
does provide management options for impacted groundwater at the site. Refer to the Options
Assessment Report (GHD, 2017c provided in Appendix B) for further discussion of strategies for
management of specific environmental media (soils, groundwater, surface water and sediments)
across the site.

5.2.1 Management constraints

A number of site improvement constraints were identified as part of the Options Assessment
report (GHD, 2017c) as outlined in Table 3-1 and Table 5-1.

Table 5-1 Management constraints

- Summary Discussion

Contaminant PFAS can leach from soil into P.FAS can migr"’?te consid_erable
distances and discharge into Lake

fate and groundwater and migrate off-site. PFAS  1awarra. There it may partition

transport can migrate off-site in drains. PFAS may into sediments near the mouth
partition to sediments upon contact with ~ and potentially expose benthic
more saline surface water. Dissolved organisms to PFAS, which in turn

can be predated by more
PFAS can be taken up by plants. migratory species. Concentration

Smaller PFAS molecules are more of PEAS in the lake water are
soluble and less able to sorb to organic  likely to be highly diluted and may
material than larger molecules. not be detectable.

A gum tree plantation adjacent to
the site, may extract groundwater
and compounds dissolved in the
groundwater, notably PFAS.

Regulatory Screening criteria for ecological Achieving concentration below

constraints receptors tend to be very low. The some criteria is impractical.
criteria protective of human consumption
of impacted biota and ecosystem
protection is generally below laboratory
LORs.

Off-site disposal to a landfill
requires assessment to determine
if it is an available option. Off-site
disposal to a treatment facility is a
Based on the EnRisk1 (2016) decision potential alternative option.

tree process for prioritisation, the site is

classified as a priority 1 site.

Waste disposal criteria for PFAS were
not available at the time of DSI
reporting.

" EnRisk (2016) Proposed decision tree for prioritising sites potentially contaminated with PFAS. 25 February 2016
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- Summary Discussion

Management PFAS can be destroyed thermally but at Remedial methods are not well
constraints very high temperatures i.e. >1400 °C. established and may be cost-

Many other technologies have been prohibitive if volumes of water

tested at bench scale but not full scale. and/or soil are large. Options are
discussed further in the Options
Assessment Report (GHD,
2017c) and are considered in
Section 7 of this report.

There are methods that can remove
PFAS from water including filtration
methods and reverse osmosis.

Land Land parcel is owned by Shellharbour Land works will require the
ownership City Council. The site leased by FRNSW  permission of Council and
for use as a training facility. The site has additional biodiversity
been occupied by FRNSW since 1997. management for any off-site

In an email from Council to FRNSW SHEIE B 1 (ESERE A

(dated 4 December 2018) Shellharbour
Council noted that “the drainage line
linking overflow from the retention basin
to ‘the pit’ is on a Council reserve which
contains significant biodiversity, for
which there is a management plan. Any
impact on the drainage line will require
further ecological assessment and/or
conditions”.
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5.3 Outcomes of teleconference

A teleconference was held between GHD and FRNSW on Tuesday 22 January 2019.
Representatives from various FRNSW departments which manage aspects of the site were
present, including Program Management Office, Strategic Capability, Property and Assets, and
Education and Training. A draft version of this report (completed up to Section 6.3 inclusive)
was provided to FRNSW by GHD to provide a framework for the discussion.

The following provides a brief outline of topics discussed and relevant outcomes;

e  FRNSW confirmed that Council are happy for the pond to be decommissioned, as long as
there is adequate drainage.

e FRNSW installed the pond initially, however there are no records of design at present.
e  FRNSW confirmed that the pond is not currently used for training purposes.

® The site lease is currently due to expire in 2027, however FRNSW do not plan to remain
on-site for the full rental term. It is assumed that the site would need to be returned to its
original condition, however the extent of this phrase has not been confirmed in regards to
addressing the identified site contamination.

e Considering the above, FRNSW do not want to have to do multiple rounds of remediation
on the retention pond. FRNSW are seeking a long term solution.

e Timeframe goals of possible remediation strategies depends on liability for FRNSW.
However, FRNSW also need to address the retention pond close to the end of the
2018/2019 financial year to meet commitments made to the Council.

* In summary based on the current proposed options by GHD, FRNSW consider
decommissioning of the pond with backfill to ground surface as the most appropriate
options based on long term site needs.
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Retention pond strategy options

6.1 Retention pond profile

6.1.1 Pond and retention basin features

Based on review of aerial photographs and local topography noted during site visits, the
retention basin area is considered to extend beyond the foot print of the pond. The assumed
retention basin foot print is shown in Figure 6-1. The improvement works outlined in this
document focusses on addressing surface water associated with the pond within the retention
basin area.

Figure 6-1 Retention basin outline

The surface area of the pond is approximately 481 m2 (based on dimensions of 13 m by 37 m).
For the purpose of this document, an average depth of 1 m to 2 m has been assumed. The
volume of the pond would therefore range from 481 m3 to 962 m3 (480,000 L to 962,000 L). A
photograph of the pond is shown in Figure 6-2.
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Figure 6-2 Pond (July 2016), showing the fire training area on the left.

6.1.2 Current functionality

The basin currently receives onsite surface water runoff, drained through a variety of
constructed above ground drains, as shown in Figure 6-2. The pond then drains off-site to a
tributary of Albion Creek via surface overflow and then via an underground drainage network.

A preliminary assessment of the basin indicates that it has not been adequately designed to
perform the functions of a detention or retention basin, as indicated by limited overflow
capacity/design and its permanent retention of water as shown in Figure 6-2 (i.e. no capacity to
hold additional stormwater).

FRNSW has advised that the retention basin (or a similar feature) is not required on-site for
training facility operations (refer to Section 5.3). Shellharbour Council have also advised that
they do not have any specific need to preserve the retention basin, and that “the pond offers
limited stormwater benefit’ (email from Council forwarded to GHD via FRNSW, 4 December
2018). There are no current plans from Council to modify any of the stormwater infrastructure
within the property.

There is a possibility that the pond holds some benefit as a ‘settling tank’ where the turbidity and
overall water quality of overflow water is improved by allowing particulate matter to settle prior to
discharge. However, the overall net benefit from removing a significant PFAS source is likely to
outweigh the advantages of possible general water quality improvement.
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6.2 Pond improvement goals

PFAS target

The overarching aim of these works is to reduce the mass of PFAS associated with the
retention pond to reduce potential off-site risks to ecology and human health posed by PFAS
migration in surface water and sediments (as outlined in Section 4.4).

The implementation of the works should not impact on the site operational functionality as a
training facility, and following its completion the site must be made suitable for its intended end
of lease.

Costs

FRNSW is seeking a cost-efficient solution to meet the overall project objectives, especially
considering the potential need for further site improvement works to meet conditions of the site
lease.

Time frame

Based on the outcomes from a teleconference between FRNSW and GHD, any works being
conducted on-site need to be completed prior to 2027 (end of lease agreement). However, to
meet FRNSW commitments to Council, works on the retention pond need to be started prior to
the end of the 2018/2019 financial year.

6.3 Pond improvement approach

Based on the functional requirements and improvement goals outlined in Section 6.1 and
Section 6.2 (respectively), potential options for addressing surface water and sediment
contamination associated with the retention pond are shown in Figure 6-3. Each option would
require a staged approach with further options in the final form of the retention pond area.

In order to appraise the above-mentioned techniques, a number of technical, economic, and
policy related issues need to be assessed. A summary of the specific issues which need to be
addressed and an evaluation of the possible management methodologies are presented in
Table 6-1.

GHD notes that based on the outcomes of the teleconference, FRNSW do not consider allowing
the pit to refill with water to retain it as a collection pond for future PFAS capture an option for
this site. However, this option has been retained in Table 6-1 for completeness, as these factors
were discussed in the teleconference.
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Staged approach options

Endpoint outcomes

Pump water from the pond

Liquid waste stream
requiring treatment. Refer

—— > Dig out primary layers of
sediments and soil below

Solid waste stream

Line pit for

engineered design ——»

e

e

Allow to re-fill with surface water
runoff and rainfall

Use pit for storage of excavated soil
and sediments from current and
future site works. Cap post filling to
prevent infiltration.

Cap with hardstand to prevent
infiltration.

to Section 7 requiring treatment. Refer Fill pit with clean Allow vegetation to grow to prevent
to Section 7 soil. \A infiltration.
Do nothing > Pond remains as is
Figure 6-3 Flow chart showing pond option approaches
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Table 6-1 Evaluation of end point improvement options for the retention pond

Issues

Advantages

Disadvantages

Capital Costs

Ability to meet site
improvement goal

Retain as pond

Once relined, maintains a
method of capturing surface
water runoff from the hard
stand area which may
contain PFAS. This water
can be regularly removed

and treated while

contaminated hard stand

remains.

Uncertainty in the

concentration of PFAS in
surface water run-off. Further
ongoing water treatment will
be required if potential
overflow is considered to

contain elevated
concentrations.

On-going liability and

requires site management

Moderate

Moderate to high. Long

timeframe after
implementation
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Retain as soil containment cell

Potential for future use of the area for
a cap/contain strategy of other PFAS
impacted soils and hardstand from
the broader site area.

Installation of an impermeable barrier
above and below impacted soils to
fully encapsulate soil and prevent
further infiltration of water and
subsequent leaching of PFAS to
groundwater.

On-going liability and requires site
management and maintenance

Leaves legacy for future owners. This
may be less of an issue if FRNSW
intend to renew their lease into the
future.

Moderate

Moderate to high

Decommission pond and fill with
clean soil

Permanent removal of water (potentially
contaminated with PFAS) from this
portion of the site.

Increased usable ground surface area
on the site if capping option is selected.
Alternatively, increased ecological
support if vegetation is used to
decrease infiltration.

Installation of an impermeable barrier
above impacted soils to prevent further
infiltration of water and subsequent
leaching of PFAS to groundwater.

Risk of PFAS impacted surface water
flows contaminating the new, clean fill
over a long period of time. Engineered
water design and/or cap recommended
to reduce this risk.

Stormwater design assessment should
be conducted/implemented to address

surface water flows from the hard stand
area.

Moderate

Moderate to high

Do nothing

No capital cost.

No land disturbance
on or off-site.

Long term risk of
PFAS migration to
groundwater and
via surface water
flows to sensitive
receptors (human
and ecological).

Potential for legal
and reputational risk
for FRNSW.

None

Low



Retain as pond

Retain as soil containment cell

Decommission pond and fill with
clean soil

Do nothing

On-going Liability

Any system that does not
involve the full remediation
of all contamination may
necessitate some form of
ongoing maintenance
and/or monitoring to
ensure the longer-term
integrity of the remediation
system adopted

Human Health Risk

Works that involve the
disturbance of
contaminated soils can
potentially create health
risk concerns to site
workers

Moderate — high potential to
capture PFAS impacted
surface water runoff that
would require re-treatment in
the future. May require
ongoing monitoring of
groundwater and surface
water to confirm
improvement of water quality
with time.

Low — Minimal human health
risk from PFAS via dermal
contact, which is likely to be
the primary pathway for
construction workers.
Accidental ingestion via
splashes or residue on skin
may present a risk over long
term projects. Workers
should therefore wear
appropriate PPE and ensure
washing of hands prior to
eating.

Moderate to low — maintaining
integrity of the cell. May require
ongoing monitoring of groundwater to
confirm improvement of water quality
with time.

Low — Minimal human health risk from
PFAS via dermal contact, which is
likely to be the primary pathway for
construction workers. Accidental
ingestion via splashes or residue on
skin may present a risk over long term
projects. Workers should therefore
wear appropriate PPE and ensure
washing of hands prior to eating.

Low — primary PFAS mass in the area
removed, with cap to prevent further
leaching to groundwater.

Low — Minimal human health risk from
PFAS via dermal contact, which is likely
to be the primary pathway for
construction workers. Accidental
ingestion via splashes or residue on
skin may present a risk over long term
projects. Workers should therefore
wear appropriate PPE and ensure
washing of hands prior to eating.
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High — Primary
mass of PFAS
remains on-site.
Ongoing monitoring
of groundwater and
surface water
required.

Low — No
disturbance



Retain as pond

Retain as soil containment cell

Decommission pond and fill with
clean soil

Do nothing

Regulatory Approvals

Any remediation system
needs to be endorsed by
the relevant regulatory
authorities. The difficulty in
obtaining regulatory
approvals will be largely
dependent upon the nature
of the remediation system
proposed

Site Disruption

Remediation of the site will
invariably involve some
disturbance to site
occupiers/ users

Waste streams

Implementation
Timeframe

Planning approvals likely to
be needed for construction
works.

Low to moderate —
construction works required,
however foot print is
expected to be confined to
the retention basin area.

Liquid and solids — require
treatment/management as
described in Section 7.

3 to 6 months to implement

Planning approvals likely to be
needed for cell construction works.

Low to moderate — construction works
required, however foot print is
expected to be confined to the
retention basin area.

Liquid and solids. Treated solids can
be placed in cell.

3 to 6 months to implement

Planning approvals likely to be needed
for construction works. Regulatory
approvals needed for importation of fill.

Low to moderate — construction works
required, however foot print is expected
to be confined to the retention basin
area.

Liquid and solids — require
treatment/management as described in
Section 7.

3 to 6 months to implement

May require
justification to the
EPA in future for
this approach given
the monitoring
results. Additionally,
may require EPA
endorsement of a
long term
monitoring plan.

None

None

NA
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Waste stream options assessment

7.1 High level options assessment

Apart from the “do nothing” option, for the decommissioning of the pond, two waste streams will
be produced that require management:

e Liquid — water currently in the pond and water produced from dewatering of the sediment.
e  Solids — dry product after dewatering sediment and possibly hardstand and other soils.

Management options for PFAS-impacted media have not been well established in terms of
successful project completion to a specified endpoint in Australia at the time of preparing this
document. Despite this, a high level management options assessment was undertaken to
assess potential technologies and their applicability to the site. This report is provided in
Appendix B. The assessment first considered a large number of options and reviewed them in
terms of their likely or proven efficacy for addressing PFAS. This resulted in a short list of
methods for further consideration.

The options retained for further consideration which were discussed with FRNSW are listed in
Table 2 and 3 of the Options Assessment Report (GHD, 2017c¢) and are summarised in Table
7-2 with respect to their applicability to the proposed pond improvement works and the identified
project goals (refer to Section 6.2). Options were assessed in reference to the parameters
described in Remediation Technologies Screening Matrix and Reference Guide, 4th Edition
(FRTR, 2002) summarised in Table 7-1.

Table 7-1 Parameters used in Table 7-2 options assessment

Directly applicable to target PFAS impact

PFAS impacted media
Yes Incidental target of technology

Not applicable

Reliability — the
demonstrated reliability of
the treatment

High reliability and low maintenance
Moderate Moderate reliability and moderate maintenance
Low reliability and high maintenance

Time — the time typically
required to complete site
works and/or validate
remediation for the
selected technology

<1 year for solids or < 3 years for liquids

Mid-length 1 — 3 years for solids or 3 — 10 years liquids

>3 years for solids or >10 years for liquids

Low capital investment and/or low operational
costs

Cost — relative capital
investment, design,
construction, and operation
and maintenance (to be
confirmed in cost benefit
analysis)

Moderate Average capital investment and/or average
operational costs

High capital investment and/or high operational
costs
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Table 7-2 High level review of waste stream treatment options generated from pond improvement works

Remedial Process options PFAS impacted Reliability Relative Notable limitations
technology media costs

Solid

On-site Engineered facility Regulatory approvals, legacy
) issue retained
encapsulation

Moderate - Treatment area required for

theoretically viable, soils, plants require

however not yet disposal, may

proven in Australia bioaccumulate in food chain
although depuration rates
are highly variable

Moderate — few Mid-length Treated material and water
trials in Australia. waste stream requires

Site specific management. High energy
geology would need demand. Effectiveness

to be considered. would require trials.

Solidification, stabilisation, sorption, = YeS Moderate 'rl'erealt;i r:gf;iaérsnoéi:t
ul
cement, modified clay (CRC Care) < .
Incineration / thermal destruction Yes Treated material requires
management, mobile option
on-site not likely to be
available.
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Biological Phytoremediation

Physical- chemical Soil washing
treatment




Remedial Process options PFAS impacted Reliability Relative Notable limitations
technology media costs

Moderate to Pre-filtering of water may be

low required. Off-site
destruction of GAC or IXR
would be required.

Filtration - e.g. activated carbon
(granulated or powder), ion
exchange resin (IXR)

Unknown OH&S issues associated
with oxidant chemicals.
Other proven cheaper,
effective options available

Theoretically
moderate, however
not yet proven in

Australia

Chemical oxidation

Site specific design
required, waste stream
requires management

Disposal Truck to a licenced, off-site facility y:;:r:gitr?g on tﬁgztr ?;i:‘:ﬁg{?ogp;:gpamhy
licenced (Section 2.2)
facility fees
and trucking
distance

Refer to Table 7-1 for description of parameters and colour classification.

Reverse osmosis

Technology options based on those identified by the site Options Assessment Report (GHD, 2017c).

GHD recommends that advice for on-site treatment options for water be sought from specialised remediation contractors. Additionally, GHD recommends that
a cost benefit analysis be conducted to assess financial implications and value associated with each recommended approach, as well as the overall FRNSW
objectives for the site, as outlined in Table 8-2.
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71 Indicative cost estimates

Indicative costs of various treatment methods are provided in Section 6 of the Options
Assessment Report (GHD, 2018) provided in Appendix B. However, GHD recommends that up
to date and site specific quotes from remediation and waste contractors are obtained noting that
the prices listed in the Options Assessment Report are based on quotes from 2017.
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Strategy

8.1 Strategy choice

Based on the proposed end use of the site (end of lease, refer to Section 5.3) and overall
project goals, GHD believe the most effective strategy to reduce PFAS mass on the site and
thereby reduce the risk to local receptors is to decommission the pond and remove existing
PFAS impacted material. Improvements in the quality of groundwater and surface water are
likely to subsequently occur over time.

The preferred approach is to remove the water and treat it, followed by excavation of sediment
and soil, thence dewatering of sediment and soil to create a dry, solid waste stream. The
destination of the solids would be either:

e Encapsulation on-site in an engineered cell (utilising the pond excavation) or

e Off-site disposal to landfill or waste treatment facility licenced to accept PFAS impacted
soils.

A cost benefit analysis would be required to determine if a containment cell or disposal off-site is
the more preferable endpoint for excavated solids, although the waste hierarchy (outlined in
Section 2.2) would suggest off-site disposal to be the least favourable option.

8.2 Roles and responsibilities

The main roles and responsibilities of the main stakeholders in this process are summarise in

Table 8-1 Stakeholder roles and responsibilities

Company/Organisation Roles and responsibilities

Proponent FRNSW Responsible for engaging the Contractor
and Environmental Consultant to complete
the works.

Review and approving the Construction
Environmental Management Plan (CEMP)
and other planning pertinent to the
improvement works.

Providing relevant inductions and access to
the site for stakeholders.

Contractor To be advised Develop site CEMP
Implement improvement works
Obtain approval from regulators

Responsible for required civil works,
including all measures required to protect
worker and public health and the
environment during the works

GHD | Report for Fire & Rescue NSW - Site Improvement Plan, 2127877 | 30



Company/Organisation Roles and responsibilities

Environmental To be advised Responsible for collection and analysis of

Consultant validation and characterisation samples,
advising FRNSW of appropriate actions on
the basis of observations, sampling and
analysis and preparing a report at the
completion of works

Regulator NSW EPA Providing planning approvals for the works
where required
Council Shellharbour City Providing planning approvals for the works
Council where required
Water Authority Sydney Water Providing trade waste agreement and water

discharge approvals

8.3 Implementation plan

Based on the need to decommission the pond and remove PFAS mass, the following approach
in Table 8-2 is recommended:

Table 8-2 Decommissioning approach

1 Preliminary Approvals — EPA and Council, Refer to Section 8.3.2 for further
tasks Sydney water information.

Stormwater assessment and design  New stormwater design required
to address surface flows from
site.

Refer to Section 8.3.3 for further
information.

Cost benefit analysis This should be conducted to
assess cost and benefits
associated with each
recommended approach, as well
as the overall FRNSW objectives

for the site.
Design of the pond as a soil Only if chosen as the treatment
encapsulation cell (if the preferred method for excavated soils. Refer
option) to Section 8.3.6 for further
discussion.
Additional site characterisation Discussed in Section 8.4.

sampling
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2
Decommissioning
site works

3 Filling of ponds

4 Ongoing
maintenance and
monitoring

Establish Health, Safety and the
Environment (HSE) protocols

Site establishment

Water removal from pond and
treatment

Sediment excavation and
dewatering

Soil/ hardstand excavation from
pond floor and surrounding areas

Validation sampling

Construction of encapsulation cell
and stormwater controls as per
design plans if preferred option

Fill cell with dewatered sediment,
soil and hardstand; or

Imported clean fill

Import fill for the remainder of
volume as required

Completion of cell/excavation with
impermeable capping and re-
instatement of hard stand area as
required

Maintenance of capping layer

Monitoring of groundwater and
surface water around this area to
confirm improvement works have
met the intended goal.

To be completed upon finalisation
of site works being undertaken.
Should include developing a
CEMP and OH&S Plan.

Refer to Section 8.3.4 for further
information.

Design and method dependent on
remediation contractor input. To
be confirmed by FRNSW and
Remediation Contractor.

Refer to Section 8.3.8 for
discussion.

Design and method dependent on
remediation contractor input. To
be confirmed by FRNSW and
Remediation Contractor.

Refer to Section 8.3.4 for further

information.

Refer to Section 8.3.4 for further
information.

Refer to section 8.3.7 for further
discussion.

Refer to Section 8.3.6 for further
discussion.

Refer to Section 8.3.9 for further
discussion.

Refer to Section 8.3.9 for further
discussion.
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5 Further site Additional pond treatment works Refer to Section 8.4 for further
considerations and close out of CSM linkages considerations.

8.3.1 Basis of future assessment

The assessment criteria for PFAS are noted to have changed since the DSI assessments were
undertaken prior to the release of the PFAS NEMP in January 2018. Additionally, GHD notes
that the Australian Drinking Water Guidelines (ADWG) 6 (NHMRC, 2011) have been updated to
version 3.5 in August 2018, to amend screening criteria for some existing analytes and to
include criteria for the sum of PFOS+PFHxS and PFOA. The screening values provided by
NHMRC (2011, updated 2018) are the same as those provided in the PFAS NEMP. Therefore
future assessment results will be assessed against a different set of guidelines than those used
in the DSI reports.

Environmental Assessment

A number of human and ecological receptors were identified in the CSM, as outlined in Section
4. If any further site assessment is conducted, the new environmental site assessment results

should be compared to screening values provided by the PFAS NEMP for land uses/receptors
applicable to the sample location and sample matrix being assessed.

Site improvement works

The ASC NEPM (Schedule B1) notes that investigation and screening levels are not clean-up or
response levels, and the use of investigation and screening levels as default remediation criteria
may result in unnecessary remediation and increased development costs, unnecessary
disturbance to the site and local environment, and potential waste of valuable landfill space. The
goal of the planned pond improvement works is not to ‘clean-up’ the area to a given assessment
criterion, or to ‘chase out’ any identified PFAS impact in either the horizontal or lateral
directions. Rather, it is to remove PFAS mass from the environment to prevent further impact.

Results from samples collected as part of the improvement/validation works (Section 8.3.7) are
intended to provide an overview of the conditions around and beneath the cell for future
reference. Therefore, no specific assessment criteria are recommended for the excavation
works. However, trends in groundwater PFAS levels will be assessed over time to confirm the
improvement of groundwater quality. They will also be recovered to assess whether the level of
risk from PFAS changes over time.

If water is to be disposed of to sewer or stormwater post treatment by a Remediation
Contractor, samples should be assessed against disposal criteria as outlined in the disposal
agreement between Sydney Water and FRNSW.

Waste classification (if required)

In the event that waste soils produced during remediation of the site are required to be disposed
from the site, classification will be carried out in accordance with the requirements and
screening criteria detailed in the PFAS NEMP (for PFAS compounds) and NSW EPA (2014)
Waste Classification Guidelines, Part 1: Classifying Waste for other contaminants regulated by
the NSW EPA.

8.3.2 Approvals and planning

The required approvals for this project should be confirmed prior to starting site works.
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Landowner consent from Council will be required prior to lodgement of the development
application, given that the site is leased from Council. Subsequently, a development approval
will be required from Council for the improvement works before any works can commence on-
site.

Following award of the waste treatment contract, prior to commencement of works and once the
development application is granted, all other relevant licences and consent for works shall be
obtained by a Contractor engaged to conduct the improvement works from the relevant
authorities. This may include:

e Sydney Water if it is proposed to dispose of the treated waste water to sewer or
stormwater.

e NSW EPA and Council if a containment cell is to be built onsite.
e NSW EPA if PFAS impacted soils are to be disposed of to landfill (as per NEMP, 2018).

Other than the development approval and land access agreement, the Contractor should be
responsible for identifying all other permitting requirements and arrange for the necessary issue
of permits for the relevant site personnel, as well as ensure that all site personnel adhere to the
relevant permitting requirements.

A CEMP should be developed by the contractor for the works, which should generally include
the following:

* An un-expected finds protocol, including the potential discovery of asbestos
¢ Uncovering unidentified underground services/structures

e  Assignment of responsibilities to nominated key personnel;

* Hazard assessment of potential off-site impacts;

e Reporting to regulatory authorities; and

e Unexpected situations such as:

— Generation of unacceptable dust or vapours;

— Generation of unacceptable noise;

— Uncovering significant quantities of friable asbestos contaminating material; and
e Remedial works taking longer than planned.

8.3.3 Stormwater assessment

A preliminary stormwater assessment would be required in advance of any mobilisation and
improvement works to confirm that there will not be any potential issues with decommissioning
the pond from a stormwater control perspective.

If certain stormwater volume or stormwater quality issues are identified by the preliminary
assessment, an adequate stormwater design for the area may be required.

8.3.4 Site establishment

Site establishment will require, but is not limited to, the following:

. Establishing access to, from and within the site;

. Setup of site compound, welfare facilities for site workers, and a vehicle wash-down area;
. Security fencing around work area (where applicable);

. Appropriate warning signs related to construction and hazardous waste;
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8.3.5

Identification and clearance of buried or overhead services;

Management of stormwater and sediment runoff from the construction areas;

Setup of suitable waste management areas including dewatering area and stockpile area;
Establishment of dust control measures (if required); and

Any other items identified in the CEMP, permits or management plans for the planned

work.

Earthworks

Earthworks should be staged to consider the following:

Subsurface and above-ground services — conduct ‘Dial Before You Dig’ online search,
and have services in the planned excavation area located using a professional service
locator;

Excavation shoring and/or battering — required on all excavations greater than 1.5 m
below ground surface by Safe Work Australia (2012) unless professional geotechnical
advice states otherwise;

Excavation of material — refer to subsections below;
Ex situ stockpiling of contaminated soils — refer to subsections below;

Site reinstatement- refer to Section 8.3.6.

Excavation Footprint

The surface area of the pond is approximately 481 m?2 (based on dimensions of 13 m by 37 m).
Although not directly measured, for the purpose of this report, sediments are assumed to extend
approximately 0.5 m below the base of the pond (as outlined in the Options Assessment Report,
Appendix B) with approximately 1 to 2 m of water above. A rough schematic is shown in Figure

8-1.

GHD proposes that soils are excavated at least 1 m laterally from the edge of the pond, and at
least 2 m from the base of the pond (including the assumed sediment layer) or until soils
become dry in both the horizontal and lateral directions (whichever occurs first), as shown in
Figure 8-1. These distances are based on the goal of removing the mass of PFAS associated
with this pond (assumed to be the water component and shallow soils) and minimising waste
volumes generated. However, consideration will be given to slope stability when finalising the
final extent of excavation and it shall be the contractors responsibility to ensure that the
excavation remains stable at all times.
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Based on the excavation dimensions and pond volume outlined above, the following has been
calculated:

e  The volume of the soil and sediment in situ to be excavated is approximately 1274 m3to
1378 m3

e Based on the silty sand, sandy clay and clay encountered in GW03 during the DSI (GHD,
2017b) bulking factors between 20% and 40% are possible (Engineering ToolBox, 2009),
which results in an ex-situ volume range of approximately 1654 m? to 1929 m?based on the
maximum in-situ volume calculated above.

The closest groundwater monitoring location is GWO03, located approximately 5 m to the east of
the pond. In December 2016, the groundwater at this location was measured to be 2.7 m below
top of casing (m bTOC). It is therefore possible that groundwater may be encountered during
the excavation.

Any water entering the excavation via seepage or as rainfall would require treatment as for the
main volume of pond water. Water entering the excavation could be pumped out and stored on-
site for treatment by the remediation contractor if it is not viable for the water treatment plant to
remain on-site for the duration of the excavation works.

Material stockpiling and tracking

The edge of the hardstand area may be encountered as part of the excavation works depending
on final depth and slope stability. This material will require either different disposal compared to
the soils beneath or encapsulation in a containment cell along with the excavated and dried
sediment and soil. The hard stand material should therefore be broken up and stockpiled
separately to the soils.

Soils and hardstand stockpiles should be assumed to contain PFAS, which is leachable from
the soils in water. Stockpiles therefore need to be placed on a sealed surface such as high
density plastic sheeting (HDPE). HDPE sheets should be used to cover the stockpiles overnight
and during periods of rainfall. The covering HDPE can be secured using sand-bags. The
Contractor should also ensure that the stockpiles are not left on-site for any significant length of
time.

Other considerations for stockpiling of material includes:

e If necessary, stockpiles should be bunded with sediment control barriers to mitigate runoff
from the stockpile to surrounding areas.

e  Stockpiles should not be placed within or immediately adjacent to drainage lines,
easements, footpaths, roadways, existing stormwater drains or steep slopes.

e  Stockpiles should be positioned and formed to minimise potential for stockpile erosion
where possible.

Stockpiles shall be designated and clearly labelled to ensure that the soil materials are properly
tracked and classified as excavation progresses to avoid mixing of different classes of waste or
materials for re-use on-site.

If required, any transport of material off-site for disposal requires waste classification as per the
guidelines outlined in Section 8.3.1. This is likely to involve sampling and analysis of the
material to be disposed of. Additionally, adequate waste transfer dockets should be obtained as
a record of transport and receipt of the waste at an appropriately licenced facility.
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8.3.6 Cell design and site reinstatement

If the cost benefit analysis indicates a containment cell is a viable option, then once excavations
have been completed to the required depths, and following validation of the excavations, a
containment cell should be constructed within the excavation. The design of this should be done
by an experienced waste management consultant to meet the following criteria (at a minimum):

¢  The volume of the cell should be large enough to hold all excavated solid material. Further
assessment on compaction of the material within the cell will be required to determine the
final re-instated volume of material.

e The cell must be impermeable and include an impermeable capping layer.

e A marker layer should be included as part of the cap design to prevent any future site works
from disturbing or accidentally damaging the cell.

e  Consider ‘best practice’ notes outlined in the NEMP for on-site containment.

It is noted there are currently no NSW approved regulations detailing the requirements for on-
site containment of PFAS waste. However, it is envisaged that an approval process will be
needed on a site-specific basis.

The construction of the cell should be ‘construction quality assessed (CQA)'.
Following completion of cell construction, the cell can be filled with the stockpiled material.

If the compacted volume of excavated material is less than the overall excavation, additional
clean fill can be imported to the site to raise the cell to ground surface.

8.3.7 Validation

Validation sampling and assessment will be undertaken by an environmental consultant to
demonstrate that the improvement goals have been achieved, and the site is returned to a
standard that is suitable for the proposed commercial/industrial land use.

As a minimum, this should include:
e  Sampling of the following:
— Soils from the base of the excavation to assess the soil concentrations remaining in situ

beneath the cell;

— Treated wastewater from the remediation contractor’s treatment plant to confirm that the
treated wastewater has met the disposal criteria;

— Soils imported onto the site for fill;
— Soils requiring off-site disposal to landfill or reinstatement in an engineered cell.
e A validation report, including;

— Information on the extent of excavation works undertaken;

— The condition of soils at the extent (sides and base) of the excavation;

— The classification of any excess soils that require off-site disposal at landfill;
— The condition of any imported soil used as backfill at the site.

It should be noted that the proposed validation sampling programme is based on our current
understanding of the site and that it may be modified during the detailed design stage or during
the works as site conditions require. Validation testing of the treated soils may also be required
depending on the treatment technology selected for the site by FRNSW and the Remediation
Contractor.
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The Remediation Contractor will need to select appropriate treatment technology(s) that will
achieve any specific performance criteria (e.g. Disposal to sewer criteria) and meet the site
improvement goals presented in this site improvement plan.

A validation sampling plan should be developed by the environmental consultant once site
improvement plans have been finalised, to confirm the number and frequency of samples
required.

8.3.8 Waste streams

As shown in Figure 6-3, two waste streams will be generated as part of the pond improvement
works:

e Aliquid waste stream from dewatering the pond and sediments;
e A solid waste stream from the excavated sediments and soils.

Based on the review of available PFAS impacted waste treatment options outlined in Section 7,
it is likely that waste water will be treated on-site by a Remediation Contractor using an
appropriate filter (most likely granulated activated carbon filters- GAC), however this is to be
confirmed by the chosen remediation contractor.

Discussion for on-site encapsulation in a containment cell has been provided in Section 8.3.6 as
a method of managing the solid waste stream. However, GHD recommends that the preferred
management approach be confirmed by a cost benefit analysis, as outlined in Section 8.2.

8.3.9 Monitoring and long term management

The capping layer of the containment cell should be maintained to ensure that it remains
impermeable.

The location and dimensions of the cell must be surveyed to Map Grid Australia (MGA)
coordinates and the coordinates stored on site in a document that is readily available for
inspection.

Additionally, signage should be installed around the cell area to ensure that future earthworks
are not conducted that could compromise the integrity of the cell. Consideration should be given
in regards to the need for inclusion of any containment cell on the property title to ensure that it
remains intact with new site owners/tenants, should the land be sold or re-leased in the future.

Post completion of the pond improvement works, surface water down gradient of the pond
should be assessed following rainfall periods to determine if there is decrease in PFAS
concentrations. Additionally, groundwater wells adjacent and down gradient of the pond should
be monitored on an annual basis to confirm if a decreasing trend is also apparent in
groundwater.

Post-improvement monitoring would be detailed in a site monitoring plan. The plan would
contain appropriate assessment criteria to assess changes in risks to various media and
contingencies to address any changes in risk.
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8.4 Further considerations

A number of additional opportunities have been identified for FRNSW that could be undertaken
in conjunction with the pond improvement works:

1. Additional site improvement works — cost/benefit opportunity

If it is determined that the site requires additional remediation (such as soil and hard stand
treatment) to end the property lease, it may be best to action the pond improvement works as
part of the entire site decommissioning.

2. Close out identified data gaps

A number of complete and possibly complete S-P-R linkages were identified for the site, as
shown in Table 4-1. The DSI works indicated that PFAS contamination exists both on-site and
off-site, with the primary mode of transport identified to be via surface water. Improving the
primary retention pond will address some of the pathways by removing a primary source of
PFAS at the site, however there is some evidence to suggest groundwater migration is also
occurring with possible receptors down gradient. Additionally, there are other potential PFAS
source up-gradient and cross gradient of the site which could be assessed, as discussed in
Section 4.3.

3. Potential option to reduce intergenerational issues

The use of on-site encapsulation will lead to long term storage of PFAS-impacted soil on-site.
This creates a potential long-term intergenerational issue as the PFAS will not be remediated
and may become a concern for future generations. However, the cell design could be modified
or retro-fitted to act as a remediation cell. In this scenario, water is infiltrated into the cell to
enhance desorption of PFAS from the soil into a leachate that could be gradually recovered and
treated at the surface. This would eventually reduce PFAS levels in soil to less than laboratory
LOR thereby allowing the soil or the area to be re-used in the future. Such a design might
include:

®  Sloping the floor of the cell to allow capture of any liquids at a designated collection point.
e |Installation of recovery wells to recover leachate for surface treatment.

e Installation of an infiltration array to inject water (the system might also be able to rely
somewhat on natural infiltration of rainwater).

¢ |Installation of an above-ground leachate treatment system (potentially solar powered).

e Validation of the soil could occur when leachate PFAS levels have declined in the
recovered water to below laboratory LOR or appropriate clean up level.
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10.

Limitations

This report: has been prepared by GHD for Fire & Rescue NSW and may only be used and relied on by
Fire & Rescue NSW for the purpose agreed between GHD and the Fire & Rescue NSW as set out in
section 1 of this report.

GHD otherwise disclaims responsibility to any person other than Fire & Rescue NSW arising in connection
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically
detailed in the report and are subject to the scope limitations set out in the report.

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

The opinions, conclusions and any recommendations in this report are based on assumptions made by
GHD described in this report. GHD disclaims liability arising from any of the assumptions being incorrect.

GHD has prepared this report on the basis of information provided by Fire & Rescue NSW and others who
provided information to GHD (including Government authorities)], which GHD has not independently
verified or checked beyond the agreed scope of work. GHD does not accept liability in connection with
such unverified information, including errors and omissions in the report which were caused by errors or
omissions in that information.

GHD has prepared preliminary cost estimate/prices using information reasonably available to the GHD
employee(s) who prepared this report; and based on assumptions and judgments made by GHD.

The Cost Estimate has been prepared for the purpose of providing a basis for FRNSW to decided on
possible future actions and must not be used for any other purpose.

The Cost Estimate is a preliminary estimate only. Actual prices, costs and other variables may be different
to those used to prepare the Cost Estimate and may change. Unless as otherwise specified in this report,
no detailed quotation has been obtained for actions identified in this report. GHD does not represent,
warrant or guarantee that the pond improvement works can or will be undertaken at a cost which is the
same or less than the Cost Estimate.

Where estimates of potential costs are provided with an indicated level of confidence, notwithstanding the
conservatism of the level of confidence selected as the planning level, there remains a chance that the
cost will be greater than the planning estimate, and any funding would not be adequate. The confidence
level considered to be most appropriate for planning purposes will vary depending on the conservatism of
the user and the nature of the project. The user should therefore select appropriate confidence levels to
suit their particular risk profile.

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

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

Site conditions (including the presence of hazardous substances and/or site contamination) may change
after the date of this Report. GHD does not accept responsibility arising from, or in connection with, any
change to the site conditions. GHD is also not responsible for updating this report if the site conditions
change.
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Appendix A - Figures
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Appendix B - GHD Options assessment report
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Appendix C - Previous analytical results
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