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AECOM Baseline Groundwater Quality Assessment

In anticipation of future development at the Fishermans Bend Urban Renewal Area (the site), the Environment
Protection Authority Victoria (EPA) engaged AECOM Australia Pty Ltd (AECOM) to undertake a baseline
groundwater quality assessment the site (Figure F1).

The assessment focused primarily on characterising the condition of the shallow groundwater aquifer, to
determine key factors that may be influencing its quality at a regional scale, and provide a summary of regional
baseline groundwater quality for future reference. The regional groundwater conditions described in this report
may be considered when informing future development decisions at the site.

The primary objectives of the assessment were to:

Determine the baseline shallow groundwater quality across the site.
Confirm the protected and precluded beneficial uses of shallow groundwater at the site.

Provide possible regional background concentrations of chemicals of potential concern (CoPC) based on the
data obtained.

Gain a greater understanding of the potential risk of shallow groundwater contamination to impact on surface
water receptors.

Provide recommendations on risk mitigation and management strategies required during site development
activities that relate to any potential shallow groundwater contamination identified through this assessment.

To achieve the project objectives, an assessment framework was developed to:

Describe the physical-chemical condition of the shallow aquifer encountered.

Evaluate whether the data collected are representative of a single or multiple elements of the groundwater
flow system.

Identify potential anomalies and/or outliers (including potential localised contaminant sources and or impacts
from both soil and groundwater) for separate consideration to the main data set.

Identify chemicals that are detectable in groundwater and whether they may be associated with natural
and/or anthropogenic sources.

Describe the range of chemical concentrations that may be encountered in groundwater in association with
non-point source and/or natural background conditions.

Identify whether the detected concentrations of these chemicals have the potential to preclude beneficial
uses of the aquifer.

The scope of works to achieve the objectives included:

Installation of 36 new groundwater monitoring wells across the site, and limited soil sampling and analysis.

Gauging of standing water levels (SWL) within 38 groundwater monitoring wells (36 new groundwater wells
and two existing groundwater wells).

In-field measurement of groundwater quality parameters from 38 groundwater monitoring wells. Parameters
included dissolved oxygen (DO), electrical conductivity (EC), pH, oxygen reduction potential (ORP) and
temperature.

Collection and laboratory analysis of groundwater samples from 38 groundwater monitoring wells, and
quality control and quality assurance (QA/QC) samples.

Preliminary assessment of potential tidal influence on groundwater.

Data collation, assessment and reporting.

This is considered a baseline groundwater assessment only. Limited soil results have been provided and
compared to applicable guidelines for the purpose of understanding potential sources of groundwater impacts
where considered likely. However, no further interpretation of soil data has been conducted, nor was it required
for the purposes of this assessment.
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Key findings of the assessment

Baseline Shallow Groundwater Quality

- Of the 36 new groundwater well locations:
. Five encountered groundwater within fill material.
. Twenty-eight encountered groundwater within Port Melbourne Sands.
. One encountered groundwater within Coode Island Silt (CIS).
. Two encountered groundwater within Older Volcanic clays.
These observations are consistent with the regional geological maps of the area.
- Field observations and bore logs indicated that fill and the Port Melbourne Sands are interconnected.

- SWL'’s were reported to range between 0.94 and 3.55 metres below top of casing (mBTOC). This variation
across the site is expected due to the presence of former landfills/quarries, extensive sewer networks,
former wetland areas and close proximity to the Yarra River.

- In a regional context, the shallow groundwater flow-paths within fill material and the Port Melbourne Sands
are likely flow towards the south, based on the results of the gauging program.

- The shallow groundwater flowing in the fill material and Port Melbourne Sands is considered an unconfined
aquifer and it is likely to be recharged by direct infiltration of rainfall, leaking services, or flows from the Yarra
River under high tide conditions. Various site activities and surface coverage can also affect the extent of
recharge of the shallow aquifer.

- Shallow underground infrastructure can create artificial recharge (via leakage at points that are shallower
than groundwater) and preferential flow paths (via groundwater draining at points that are deeper than
groundwater). However, given the shallow depth of the upper unconfined aquifer, it is unlikely that deep
underground infrastructure has a significant impact on flow direction.

- The site itself appears to be generally acting as a groundwater flow-through zone with some possible
discharge zones near the south east of the site.

- The potential tidal influence was measured in two transects running north to south across the site. Results
of this work showed that there was consistency in the way the groundwater wells responded to changes in
tides, indicating the tide was an influencing factor. However, the tidal response in relation to groundwater
levels was considered a minimal reaction within the well locations along selected transects.

- The groundwater across the site appears to be mostly Ca/Na-HCO3; dominant, with Na-Cl dominant
groundwater occurring along the north eastern portion of the site. The pH ranged between 4.88 and 8.11,
EC was reported as 241 to 35,600 uS/cm, while laboratory TDS concentrations were typically in excess of
632 mg/L.

Protected and precluded beneficial uses of shallow groundwater

Based on the TDS concentrations, the most sensitive segment of groundwater at the site that is likely to require
protection in future assessments/environmental audits is Segment A2 (as defined by the State Environment
Protection Policy (Groundwaters of Victoria) 1997) which requires the protection of Potable Water Supply —
Acceptable and other sensitive beneficial uses. However, the area is serviced by a reticulated water supply which
may limit the need for the use of groundwater as a drinking water supply in the region.

Regional background concentrations of chemicals of potential concern (CoPC)

Descriptive statistics of CoPC detected at concentrations in excess of the most conservative guideline (Drinking
Water) were undertaken, as these are considered to be the CoPC at the site which are most likely to trigger
further investigation during future assessments/environmental audits. In doing so, data points associated with
potential point-sources of contamination have been removed, so that the remainder of the data can be used to
determine possible regional background conditions.

The following CoPC were reported in concentrations that exceed Potable Water Supply (Drinking Water) criteria,
and may therefore trigger further consideration in relation to future redevelopment of the site:

- Ammonia as N — likely from a diffuse source or co-source that is regionally elevated.
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- Chloride — Considered to be regionally elevated in background conditions.

- Nitrate as N — Likely a diffuse source that is regionally elevated.

- Sulfate as SO4 — Considered regionally elevated background conditions.

- TDS — Considered regionally elevated in background conditions.

- Arsenic — Considered regionally elevated in background conditions.

- Iron — Considered regionally elevated in background conditions.

- Manganese — Considered regionally elevated in background conditions.

- Nickel — Considered regionally elevated in background conditions.
Ground water clean up - Future site development

Ammonia and nitrate concentrations within groundwater are unlikely to be considered as background
conditions (as defined by the State Environment Protection Policy (Groundwaters of Victoria) 1997), as they
are expected to be present due to diffuse-source pollution. As nitrate and ammonia are elevated across the
site, they may be considered regionally elevated, however, individual site assessments will need to consider
the results of this assessment in conjunction with the potential for site-sourced contamination to determine
groundwater clean up associated with the future redevelopment of the site.

Potential risk of shallow groundwater contamination impact on surface water receptors

The flow of shallow groundwater across the site has been considered from a regional perspective for the
purposes of this regional baseline assessment. Generally, it is noted that under natural conditions groundwater
moves along flow paths from areas of recharge to areas of discharge along rivers, lakes, wetlands, or seepage to
bays and oceans.

Based on the site setting, topography and findings of this baseline groundwater assessment, groundwater is
considered likely to flow in a southerly direction. Groundwater is therefore likely to discharge to the Yarra River
and Hobsons Bay and place the following potential surface water receptors at risk:

- Aquatic ecosystems and groundwater dependent ecosystems (GDE'’s) in the Yarra River and Hobsons Bay.
- Users of water for potable supply.

- Terrestrial ecology where groundwater is used for irrigation or stock watering purposes.

- Recreational users in the Yarra River and Hobsons Bay.

In addition to the above surface water receptors, as groundwater is relatively shallow across the study area, there
is potential for groundwater to come into contact with building foundations, basement structures and subsurface
utilities. Vapours arising from groundwater contaminants may migrate through the subsurface and into buildings,
which could result in potential risk to occupants of those buildings.

Risk mitigation and management strategies required during the site development

It is acknowledged that there are many ways in which the data in this report may be interpreted and/or presented.
The assessment framework was worked through in a step-wise manner to identify a representative data set and
characterise the general conditions of the shallow groundwater on a regional scale.

In addition to the findings of this report, and to ensure that the contamination risk is fully understood in relation to
future redevelopment of individual parcels of land within the site, it is recommended that future assessments
consider site-specific risk mitigation strategies for each redevelopment. These could include, but are not limited to:

- At least an environmental investigation in accordance with the National Environmental Protection
(Assessment of Site Contamination) Measures (NEPM), varied in April 2013, to assess the potential for
contamination and the likely impact on the proposed development.

- Consideration of potential vapour risk and risk to buildings and structures associated with identified regional
and/or localised groundwater conditions.

- Consideration by the relevant planning authorities regarding the need for a statutory environmental audit to
be undertaken prior to the redevelopment works — particularly if the redevelopment area is considered the
point-source of contamination, or impacted by a point-source of contamination.
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In anticipation of future development at the Fishermans Bend Urban Renewal Area (the site), the Environment
Protection Authority Victoria (EPA) engaged AECOM Australia Pty Ltd (AECOM) to undertake a baseline
groundwater quality assessment at the site (Figure F1).

The assessment focused primarily on characterising the condition of the shallow groundwater aquifer, to
determine key factors that may be influencing its quality at a regional scale, and provide a summary of regional
baseline groundwater quality for future reference. The regional groundwater conditions described in this report
may be considered when informing future development decisions at the site.

This report should be considered as a baseline groundwater assessment (only). Limited soil sampling was
undertaken during installation of groundwater monitoring wells at the site. Whilst the soil results have been
compared to applicable guidelines within tables of the report, no further interpretation of soil data has been
conducted.

1.1 Background

AECOM issued a Desktop Study and Preliminary Regional Conceptual Site Model (PRCSM) for the Fishermans
Bend Urban Renewal Area (FBURA) (the site) on 28 August 2015.

The Desktop Study reviewed existing publically available data to determine key factors that may be influencing
shallow groundwater within the site on a regional scale. The study involved review of significant environmental
conditions in broad terms as either being related to natural or anthropogenic (ambient) sources. The following
features were found to have the potential to have significant influence on the overall groundwater migration and
quality at the site:

- Inorganic substances that are naturally present in the environment.

- Organic substances that may be present in the environment as a result of organic matter decomposition or
as the products of incomplete combustion.

- Tidal influences.

- Former swamp and wetlands.

- Geological Features.

- The sewer network across the site, particularly the Hobsons Bay Main Sewer and Melbourne Main Sewer.
- The drainage and stormwater system.

- Uncontrolled filling (including filling of former quarries/landfills).

Potential point sources of contamination were also considered during the Desktop Study to ensure that the
groundwater sampling programme undertaken as part of this investigation aimed to avoid sampling groundwater
that may be influenced by point sources.

This baseline groundwater assessment addresses the following recommendations that were provided within the
Desktop Study:

- Implementation of a grid based groundwater investigation on a regional scale to gain a holistic
understanding of groundwater flow and possible contaminant movement via groundwater.

- Further consideration of tidal influence on the regional groundwater quality including the impacts of regular
flushing of water, salinity and migration pathways.

- Further investigation of sewers and drains if discrepancies in groundwater elevation are apparent in the
vicinity of the sewer and drainage locations during any future sampling works.
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1.2 Objectives

The assessment generally focused on understanding the condition and characteristics of the shallow aquifer
located beneath the site, with the primary objectives of the assessment as follows:

- Determine the baseline shallow groundwater quality across the site.
- Confirm the protected and precluded beneficial uses of shallow groundwater at the site.

- Provide possible regional background concentrations of chemicals of potential concern (CoPC) based on the
data obtained.

- Gain a greater understanding of the potential risk of shallow groundwater contamination to impact on surface
water receptors.

- Provide recommendations on risk mitigation and management strategies required during the site
development relating to any potential shallow groundwater contamination identified during the assessment.

1.3 Scope of Works

The general scope of works undertaken to achieve the objectives of this assessment was as follows:
- Installation of 36 new groundwater monitoring wells across the site, and limited soil sampling.

- Survey of the top of each groundwater monitoring well casing (PVC) and ground surface elevation at each
location.

- Gauging of standing water levels (SWL) within 38 groundwater monitoring wells (i.e. 36 new groundwater
wells and 2 existing groundwater wells).

- Collection of field groundwater quality parameters from 38 groundwater monitoring wells including dissolved
oxygen (DO), electrical conductivity (EC), pH, oxygen reduction potential (ORP) and temperature.

- Collection of groundwater samples from 38 groundwater monitoring wells and quality control and quality
assurance (QA/QC) samples.

- Preliminary assessment of potential tidal influence.
- Laboratory analysis of groundwater and QA/QC samples.

- Data collation, assessment and reporting.
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The site is located in the south-west of Melbourne and is bound by Lorimer Street to the north, Todd Road to the
west, Williamstown Road/Boundary Street to the south and City Road to the east. The Yarra River is beyond
Lorimer Street at the northern boundary of the site, while the Westgate Freeway separates the Lorimer sub-
precinct from the other three sub-precincts.

The site is generally used for heavy and light commercial and industrial processes which are described in AECOM
(August 2015). The following table summarises the relevant site details. Please refer to AECOM (August 2015)
for the current zoning overlay conditions across the site.

Table 1 Site Information
EAO
IN1Z
HO
. . . B3z
Wirraway 90 City of Port Phillip CLPO
PPRZ
SBO
PUZ6
RXO
IN1Z
HO
) . . B3z
Sandridge 80 City of Port Phillip SBO
PPRZ
DDO
PUZ6
CLPO
. . IN1Z
Lorimer 45 City of Melbourne SBO
B3z
DDO
IN1Z
EAO
PUZ2
. . HO
Montague 25 City of Port Phillip MUz
SBO
B1Z
DDO
PUZ4
Notes:

Overlays: EAO = Environmental Audit Overlay, HO = Heritage Overlay, DDO = Design and Development, SBO — Special
Building, CLPO = City Link Project, RXO = Road Closure.

Zoning: B1Z, B3Z = Business Zones, IN1Z = Industrial Zones, PPRZ — Public Park and Recreation Zones, PUZ2, PUZ4, PUZ6
= Public Use Zones, MUZ = Mixed Use Zones.

2.1 Topography

A detailed description of the desktop topography review is provided in AECOM (August 2015).

In summary, the topography across the entire site is relatively flat with a gradual decline in elevation towards the
Yarra River at the east-northeast, and to Hobson’s Bay located to the south of the site.

The elevation of the site ranges from 0 - >4 meters Australian Height Datum (mAHD), which is likely to result in a
slightly variable depth to the underlying groundwater table.

The main topographic observations made across the entire site include:

- The areas immediately north of the Wirraway sub-precinct look to have been built up for construction of the
freeway.

- There is a ridge of higher land that runs from west to east (starting from the Wirraway sub-precinct) that
continues to drop in gradient towards the level of the Yarra River, which is located to the north — northeast of
the site.
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- There appears to be a saddle of depression between the two high points along the ridge in the Wirraway
sub-precinct.

- There is a slight plateau on the southern side of the entire site itself.

- The gradient which is north of the site towards the Yarra River is slightly steeper than the gradient towards
Hobson’s Bay, the mouth of the Yarra River, located to the south of the site.

- It is likely that the higher elevation noted in the northern portions of the Wirraway sub-precinct will reduce
surface water run-off to the north of the site.

2.2 Geological Conditions

The site is located in the Yarra delta, which is comprised of a number of flat lying sedimentary deposits. Together
these deposits are known as the Yarra Delta Group.

The Yarra Delta Group is described as dipping in a south-westerly direction due to an erosion surface which has
been cut into the Tertiary and Silurian aged formations underlying the Yarra delta group (Nelson, 1996).

According to the Melbourne 1:63,360 Geology Map and the Melbourne 1: 250,000 Geology Map, the majority of
the site is underlain by Quaternary aged Port Melbourne Sands consisting of raised beach ridges, bedded and
cross-bedded well sorted sand, shelly sand and minor silty or clayey sand. The Melbourne and Suburbs 1:31,680
Geology Map also indicate the presence of alluvial fields, mud flats, beach and estuarine deposits.

Based on our reviews of environmental audit reports across the site (AECOM, August 2015), limited reviews of
groundwater wells across the site (AECOM, August 2015), and the information obtained in Golder (2012), the fill
thickness overlying the Port Melbourne Sands across the site is expected to be highly variable. Overall, desktop
information indicates that fill material is expected to range between 0.5 and 2 meters (m) and be considerably
thicker in areas where old landfills or quarries were present. This is consistent with our field observations made
during this project, as described in Section 8.1.

The fill in a small portion of the site (i.e. north eastern corner) is likely to overly the Coode Island Silt (Qri) which is
described as silt, silty clay, sandy clay dark grey with minor peat and shell beds. The following geological units
underlie the Coode Island Silt (from youngest to oldest):

- The pleistocene aged Fishermens Bend Silt (Qpf) described as silty clay, pale grey to pale brown, with some
minor sandy clay and silt the upper part of the formation is mottled and fissured.

- The pleistocene aged Moray Street Gravel (Qpg) described as quartz gravel and sand, with minor silt, clay
and carbonaceous clay.

- The tertiary aged Newport Formation (Tmn) described as silt, grey and green, with calcareous silt, silty clay
and minor limestone.

- Miocene aged Older Volcanics (Tvo) described as dense blue / black basalt.

- The Eocene aged Werribee Sand (Tew) described as sand, sandy and silty clay, with pyritic and lignitic
quartz sand.

The bedrock below the site and the surrounding area is the Upper Silurian aged Dargile formation which is
described as sandstone, siltstone, minor shaley siltstone, thinly and regularly bedded.

2.3 Hydrogeological Conditions

According to the 12 environmental audit reports reviewed within 1 km of the site (AECOM, August 2015), the
average depth to groundwater in the Port Melbourne Sands was expected to be approximately 3 meters below
ground level (mBGL). The water levels recorded during this assessment were found to range between 0.94 and
3.55 meters below top of casing (mMBTOC). The groundwater gauging event is described further in Section 8.2.

The topography of the site suggests that regional groundwater within the local aquifer system would flow to the
north towards the Yarra River or west towards Port Phillip Bay. However, the results of the groundwater gauging
program indicate that groundwater generally flows in a southerly direction across the site.

According to the Victorian Groundwater Beneficial Use Map Series: South Western Victoria, Water Table Aquifers
(DCNR, 1995), the concentration of total dissolved solids (TDS) in groundwater in the upper aquifer in the study
area is expected to range between 1,001 mg/L and 3,500 mg/L which falls within “Segment B” according to the
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SEPP (GoV). Whilst desktop information indicates that groundwater falls within Segment B, site data suggests
that regional groundwater actually falls within Segment A2 (Section 8.4).

The following protected beneficial uses are considered relevant for Segment A2:
- Maintenance of Ecosystems

- Potable water supply — acceptable

- Potable mineral water supply

- Agriculture, parks and gardens

- Stock watering

- Industrial water use

- Primary contact recreation

- Buildings and structures

As a wide range of TDS values have been recorded during this baseline assessment, the lower end of the range
of reported values may indicate a potential for use of the groundwater for potable water supply purposes. The
upper end of the range of reported values may indicate that in areas the groundwater is not suitable for use for
potable water supply or irrigation purposes.

AECOM (August, 2015) presents a list of registered groundwater wells within a 1km radius of the site and the
associated uses. According to the Visualising Victoria’s Groundwater (VVG) website, there are 336 registered
groundwater wells. Of these:

- 121 are registered as use for groundwater investigation purposes (ranging between 3 and 36 m in depth)
- 8 are registered as use for domestic purposes (ranging between 4 and 8.5 m in depth)

- 11 are registered as use for domestic and stock purposes (ranging between 4 and 10 m in depth)

- 6 are registered as use for irrigation purposes (ranging between 6 and 6.1 m in depth)

- 78 are registered as use for observation purposes (ranging between 4 and 38 m in depth)

- 3 are registered as use for ‘miscellaneous’ purposes (ranging between 9.14 and 13.07 m in depth)

An additional 109 wells are registered as ‘use unidentified use’ or have no comment in relation to use. Whilst no
information is available, it is pertinent to understand that these wells exist across the site and that extractive uses
cannot be ruled out. The location of all registered groundwater wells across the site is provided in the Desktop
Study (AECOM, August 2015) and Figure F2.

Note that the above depths are assumed to be ‘below top of casing’, and should be used as a guide only.

Based on the Desktop Study (AECOM, August 2015), the groundwater uses listed above and the results of this
assessment, groundwater within the site has a high potential to be influenced by natural and anthropogenic
preferential pathways (e.g. sewer/water lines, filled quarries, former swamps and low lying wetlands that have
since been filled).

Brief hydrogeological descriptions for each of the geological units discussed in Section 2.2 are listed in Table 2
below. Classification and hydraulic conductivities have been sourced from Leonard (1992).
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Table 2 Hydrogeological Descriptions for each Geological Unit

Port Melbourne sand (Qrp)

Unconfined aquifer.
Medium porosity.
K=10"°to 10* mis.

Coode island silt (Qri)

Aquitard.
Medium porosity.

As there are sand layers and lenses, the horizontal hydraulic
conductivity (Kh= 10®t0 107 m/s) is generally greater than the vertical
hydraulic conductivity (Kv= 10 to 10® m/s).

Fishermens Bend silt (Qpf)

Aquitard.
Medium porosity.

As there is fissuring, the vertical hydraulic conductivity (Kv= 107 m/s)
may be greater than horizontal hydraulic conductivity (Kh= 10°to 10°®
m/s).

Moray Street Gravel (Qpg)

High yielding confined aquifer.
Medium porosity.
Hydraulic conductivity is likely to range between 10 and 10 m/s.

Newport formation (Tmn)

Aquitard.
Medium porosity.
Hydraulic conductivity is likely to range between 10°to 107 ms.

Older Volcanics (Tvo)

Confined aquifer.

Low to high hydraulic conductivity depending on the extent of
weathering (K= 107 to 10° m/s).

Werribee sand (Tew)

Potentially high yielding aquifer.
Medium porosity.
Hydraulic conductivity is likely to range between (K= 10®%t0 10° m/s).
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3.1 Conceptual Site Model

The preliminary regional conceptual site model (PRCSM) presented in AECOM (August, 2015) has been further
informed by the results and observations of this baseline groundwater assessment.

Regional diffuse (hon-point) sources:

- Natural background concentrations of metals in soil and groundwater derived from the geological parent
material.

- Natural organic substances present in the environment as a result of organic matter decomposition (e.g.
hydrocarbons) or as the products of incomplete combustion (e.g. polycyclic aromatic hydrocarbons [PAH]
and dioxins).

- Anthropogenic activities may contribute to the background concentration of both inorganics and organic
compounds, including:

. Deposition of atmospheric pollution.

. Leakage and other emissions from motor vehicles on public roads.

. Leakage from waste water utilities (stormwater and sewer).

. The use of pesticide and fertiliser on public land.

o Backfilling with uncontrolled fill during early land reclamation activities.

The above activities have the potential to result in one or more groundwater contamination plumes, or comingled
plumes, particularly given the urban and commercial/industrial nature of the site area.

Exposure Pathways:

- Lateral migration of groundwater.

- Groundwater abstraction.

- Direct contact with in-situ groundwater.

- Vapours derived from groundwater may migrate through the subsurface and into overlying buildings and
other structures.

Potential Receptors:
- Aquatic ecosystems and groundwater dependent ecosystems (GDE's) in the Yarra River and Hobsons Bay.
- Users of water for potable supply.

- Terrestrial ecology and Agriculture, Parks and Gardens, where groundwater is used for irrigation or stock
watering purposes.

- Recreational receptors in the Yarra River and Hobsons Bay.
- Buildings and structures in direct contact with groundwater.

- Occupants of building and structures where vapour intrusion may occur.
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3.2 Chemicals of Potential Concern

The Chemicals of Potential Concern (CoPC) for regional groundwater at the site are summarised in Table 3,
based on the identified potential regional diffuse (non-point) sources and the anticipated background groundwater

conditions.

Table 3 Chemicals of potential concern

Land reclamation using
uncontrolled backfill

Metals

Total Petroleum Hydrocarbons
(TPH)

Benzene, Toluene, Ethylbenzene,
Xylene, Naphthalene (BTEXN)
PAH

Chlorinated Volatile Organic

Compounds (VOCs)/Semi-Volatile
Organic Compounds (SVOCs)

Phenolic compounds

Pesticide and fertiliser

Nitrates/ Nitrites

Organochlorine Pesticides (OCPs)

use Phosphates Organophosphate Pesticides
Ammonia (OPPs)
Phenoxy acid herbicides
Leaks from vehicles Metals
TPH
BTEX

Polycyclic Aromatic Hydrocarbons
(PAH)

Deposition of
atmospheric pollutants

PAH

Nitrogen Oxides (NOXx)/ Sulfur
Oxides (SOx)

BTEX
Lead (Pb)

Leaks from utilities

Nutrients (e.g. nitrate (NO3), nitrite
(NOy), ammonia (NHz) phosphate
(PO.), sulphate (SO.), fluoride (F),
Metals

Chlorinated VOCs/ SVOCs

Phenolic compounds

Former Landfills

Ammonia and Chloride

Geological Parent
Material

Metals
Sulfate, pH (Coode Island Silt)

Note:

- Potential additional CoPC are those CoPC that may be more likely to be associated with soil impacts rather than
groundwater impacts, or may be more likely to be related to specific source sites rather than regionally ubiquitous.

- VOCs and SVOCs are considered to be potentially associated with either regional diffuse sources or specific sources. As
a conservative approach, we have incorporated these analytes in the common groundwater CoPC column.

- Metals include arsenic (As), cadmium (Cd), chromium (1l + V1) (Crlll + VI), copper (Cu), iron (Fe), lead (Pb), mercury (Hg),
nickel (Ni), selenium (Se) and zinc (Zn). Only Total Cr (or Cr 1l + VI) will be analysed as a CoPC for this assessment.
Speciation may be undertaken at a later date if Total Cr results exceed guidelines in order to determine if the results

represent Crlll or CrVI.
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3.3 Future Land Use Scenarios and Potential Receptors

The site has an anticipated future use as a mixed-use precinct with medium to high density residential sub-
precincts. The potential receptors to groundwater contamination are discussed in Table 4 in the context of the
protected beneficial sues of groundwater.

Table 4 Potential Receptors

Maintenance of Ecosystems

Based on the site setting, topography and findings of this baseline
groundwater assessment, groundwater is considered likely to flow in a
southerly direction. Groundwater may therefore discharge to areas of the
Yarra River and Hobsons Bay and influence aquatic ecosystems in these
water bodies, as well as GDE's.

Potable water supply

The site is located in an area of reticulated water supply, which reduces the
likelihood of extraction for potable use. However, owing to the low TDS
reported in some areas, this beneficial use of groundwater cannot be
excluded. Receptors for this beneficial use are humans.

Potable mineral water supply

The site is not located within a designated mineral water zone therefore this
groundwater beneficial use is considered unlikely to be realised.

Agriculture, parks and gardens

The site is located in an area of reticulated water supply which reduces the
likelihood of extraction for irrigation use. However, owing to the low TDS
reported in some areas, this beneficial use of groundwater cannot be
excluded. The receptors for this beneficial use include vegetation in public
and private land, as well as food crops on private land.

Stock watering

The site is located in an area of reticulated water supply which reduces the
likelihood of extraction for stock watering use. Such a use is also considered
unlikely to be realised under the anticipated future land use and urban
setting. However, owing to the low TDS reported in some areas, this
beneficial use of groundwater cannot be excluded.

Industrial water use

It is considered unlikely that following redevelopment industrial land uses will
continue in the area and therefore this groundwater beneficial use is
considered unlikely to be realised. Furthermore it is considered likely that
any groundwater extracted for industrial purposes would require treatment
prior to use owing to the variable salinity.

Primary contact recreation

Based on the site setting, topography and findings of this baseline
assessment, groundwater is considered likely to flow in a southerly direction.
Groundwater may therefore discharge to the Yarra River and Hobsons Bay
and be contacted by recreational users of these waterways.

Buildings and structures

Groundwater is relatively shallow across the study area and has the potential
to come into contact with building foundations, basement structures and
subsurface utilities. Vapours derived from groundwater may migrate through
the subsurface and into buildings.
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4.1 EPA and the Environment Protection Act

In Victoria, protection of the environment is regulated by the Environment Protection Authority (EPA) which is
established via the Environment Protection Act 1970 (the Act). EPAs role is to be an effective environmental
regulator and an influential authority on environmental impacts. EPA is responsible for the regulation of pollution
and administration of the Act via its compliance and enforcement actions. EPA recommends and assists in the
development of environment policy and prepares guidelines to further guide stakeholders in compliance with the
Act.

4.2 State Environmental Policy

State Environment Protection Policy (SEPP) is subordinate legislation and provides further detail on interpretation
and expectations for compliance with the Act. A number of policies have been published and include:

- State Environment Protection Policy - Prevention and Management of Contamination of Land;

- State Environment Protection Policy - Groundwaters of Victoria;

- State Environment Protection Policy - Waters of Victoria,

- State Environment Protection Policy — Ambient Air Quality;

- State Environment Protection Policy — Air Quality Management;

- State Environment Protection Policy - Control of Noise from Industry, Commerce and Trade; and
- State Environment Protection Policy - Control of Music Noise from Public Premises.

Some of these policies have been amended or varied and there is currently a review being undertaken to
contemplate the amalgamation of the Waters of Victoria and Groundwaters of Victoria SEPPs.

For the purpose of this project the SEPPs for Groundwaters of Victoria and Waters of Victoria (as this relates to
the point of discharge for groundwater) are most relevant. These are discussed in the following sections.

4.2.1 SEPP Groundwaters of Victoria

The State Environment Protection Policy (Groundwaters of Victoria) 1997 (SEPP GoV) applies to the
management of groundwater quality in Victoria. The purpose of the policy is:

“to maintain and where necessary improve groundwater quality sufficient to protect existing and potential
beneficial uses of groundwaters throughout Victoria”

Beneficial use means a use of the environment or any element or segment of the environment which is:

- Conducive to public benefit, welfare, safety, health or aesthetic enjoyment and which requires protection
from the effects of waste discharges, emissions or deposits or of the emission of noise; or

- Declared to State Environment Protection Policy (SEPP) to be a beneficial use.

The SEPP (GoV) defines beneficial uses of groundwater on the basis of background salinity, measured as total
dissolved solids (TDS). Groundwater is considered to be polluted where current and / or future protected
beneficial uses for the relevant segment are precluded. Beneficial uses of groundwater are considered precluded
when relevant groundwater quality objectives have been exceeded, or where non-aqueous phase liquid is
present.

The SEPP GoV allows for the EPA to establish Groundwater Quality Restricted Use Zones (GQRUZ) where one
or more beneficial uses are precluded due to contamination. It also indicates that if such a zone is established
then the groundwater within the zone must be managed to enable the groundwater to be contained within the
restricted use zone. Where pollution of groundwater has been established it must be cleaned up otherwise, in
accordance with clause 19(2)(b), groundwater must be cleaned up to the extent practicable (CUTEP).
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4.2.2 SEPP Waters of Victoria

The State Environment Protection Policy (Waters of Victoria) (SEPP WoV) was originally Gazetted in 1988. Since
then a number of variations have been published. These include:

- Variation to the State Environment Protection Policy (Waters of Victoria) — Insertion of Schedule F6. Waters
of Port Phillip Bay [27 August 1997]

- Variation to the State Environment Protection Policy (Waters of Victoria) — Insertion of Schedule F7. Waters
of the Yarra Catchment [22 June 1999]

- Variation to the State Environment Protection Policy (Waters of Victoria) [4 June 2003]

The purpose of the SEPP (WoV) [clause 5] is to help achieve sustainable surface waters by setting out the
environmental values and beneficial uses of water that Victorians want, and the environmental quality required to
protect them.

The SEPP (WoV) is an important policy document for this project where the point of discharge for groundwater is
the surface waters of the Yarra Port or Hobsons Bay.

4.3 National Environment Protection Measure

The National Environment Protection Council (NEPC) National Environment Protection (Assessment of Site
Contamination) Measure 1999 (NEPM) is the premier guidance document in Australia for the assessment of site
contamination. The NEPM is made under the National Environment Protection Council Act 1994 and is given
effect by individual legislation and guidelines in each state and territory. In Victoria, these include the regulatory
frameworks established in the relevant State environment protection policies.

The NEPM guidance document was subject to a review process that commenced in 2004 and concluded with the
NEPC approving an amending instrument to the 1999 NEPM in April 2013 (NEPC, 2013, National Environment
Protection (Assessment of Site Contamination) Amendment Measure 2013 (No. 1)). The amended 2013 NEPM
guidance came into effect on 16 May 2013. The amendment includes repealing all the original schedules to the
1999 NEPM guidance and the substitution of new schedules. Implementation of the amended 2013 NEPM is the
responsibility of each state jurisdiction.

It is noted that the SEPP (PMCL) was varied on 24 September 2013 to capture modifications to the schedules
within the NEPM.

4.4 EPA Guidelines

As noted above, EPA is responsible for the publication of guidelines to further assist stakeholders to understand
their environmental obligations and provide advice relating to compliance.

EPA guidelines which are most relevant to this project and which describe the procedural elements for
establishing whether groundwater has been cleaned up to the extent practicable are discussed in the following
sections.

4.4.1 EPA Publication 759.2

EPA Publication 759.2 Environmental auditor (contaminated land): Guidelines for issue of certificates and
statements of environmental audit (February 2014) is relevant to this project as it includes guidance to auditors
regarding expectations and interpretation of CUTEP process. This project is not subject to a statutory
environmental audit, however, certain elements of the project reference the procedural steps in establishing
groundwater pollution, the clean up of groundwater pollution and groundwater quality restricted use zones.

4.4.2 EPA Publication 840.1

EPA Publication 840.1 The Clean Up and Management of Polluted Groundwater (February 2004) provides details
on EPA’s requirements and expectations for developing and implementing the clean up and management of
polluted groundwater to ensure the protection of human health and the environment. Where polluted groundwater
has been identified, EPA’s role is to require clean up of the pollutants. If it is impracticable to clean up
groundwater to the level needed to restore beneficial uses, EPA may accept that clean up to the extent
practicable has occurred and that, subject to appropriate ongoing management, further clean up is not required.
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When clean up to protect beneficial uses is not practicable (or where clean up has not yet occurred or is currently
occurring), polluted groundwater should be managed to ensure the protection of human health and the
environment.

4.4.3 EPA Publication 862

As noted above, the SEPP (GoV) allows for the establishment of groundwater quality restricted use zones
(GQRUZ) as a tracking and information tool to be applied when the beneficial uses of groundwater are precluded
due to pollution. EPA Publication 862 Groundwater Quality Restricted Use Zone (July 2002) discusses the
various aspects and impacts of GQRUZ for Victorians.
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5.1 Introduction
Beneficial use means a use of the environment or any element or segment of the environment which is:

- Conducive to public benefit, welfare, safety, health or aesthetic enjoyment and which requires protection
from the effects of waste discharges, emissions or deposits or of the emission of noise, or:

- Declared in a State Environment Protection Policy (SEPP) to be a beneficial use.

An element of the environment is any of the principal constituent parts of the environment including land, water,
atmosphere, vegetation, climate, sound, odour, aesthetics, fish and wildlife. The relevant elements for the site are
considered to be the following:

- Land at the site.
- Groundwater beneath the surface of the site and down-hydraulic gradient of the site.
- Surface waters hydraulically connected to groundwater and/or receiving runoff from the site.

The selection of environmental quality criteria for this project is based on the consideration of any possible
beneficial use that may be feasible, and is particularly focused on the existing and likely future uses of the site.

5.2 Land

As described in Section 6.1.3, limited soil sampling was undertaken during installation of groundwater monitoring
wells to ascertain some preliminary data within fill material across the site. Soil results are listed against a
number of guidelines within Appendix A for reference, however, no further interpretation of soil data has been
conducted.

The site has an anticipated future use as a mixed-use precinct with medium to high density residential sub-
precincts.

The State SEPP Prevention and Management of Contamination of Land (PMCL) provides a statutory framework
for protecting people and the environment from the effects of contamination. Note that the SEPP (PMCL) was
varied on 26 September 2013 to reflect the 2013 amendments to the NEPM 1999 for the Assessment of Site
Contamination. The SEPP provides a list of beneficial uses to be protected under any given land use, as seen in
Table 5.

Whilst this assessment involves only limited laboratory analysis of soil, a brief description of each soil quality
objective is described in the following sub-sections.
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Table 5 Protected Beneficial Uses of Land
Maintenance of ecosystems
Natural v
ecosystems
Modified v v v v
ecosystems
Highly modified v v v v v v
ecosystems
Human health v v v v v v v
Buildings and v v v v v v v
structures
Aesthetics v v v v v
Production of
food, flora & v v v
fibre
5.2.1 Maintenance of Ecosystems

Schedule B1 of the NEPM 1999 (as amended 2013) provides ecologically based investigation levels (EILs) for the
protection of terrestrial ecosystems for common contaminants in soil based on a species sensitivity distribution
(SSD) model developed for Australian conditions.

The NEPM 1999 (as amended 2013) contains EILs for a relatively small number of contaminants including
arsenic (As), copper (Cu), chromium Il (Crll), dichlorodiphenyltrichloroethane (DDT), naphthalene, nickel (Ni), lead
(Pb) and zinc (Zn). Ecological Screening Levels (ESLs) are also provided in the NEPM (as amended 2013) for
TPH, BTEX and benzo(a)pyrene (B(a)P). Both EILs and ESLs relate to the three generic land use settings as
follows:

- Areas of ecological significance

- Urban residential areas and public open space

- Commercial and industrial land uses

Other alternative reference criteria can be referred to if justifiable and suitable for the site setting.
5.2.2 Human Health

Schedule B1 of the NEPM 1999 (as amended 2013) provides health investigation levels (HILs) for a broad range
of metals and organic substances. The HILs are applicable for assessing human health risk via all relevant
pathways of exposure. The HILs are generic to all soil types.

It is important to note that the HILs are generic assessment criteria designed to be used in the first stage (Tier 1 or
‘screening’) of an assessment of potential risks to human health from chronic exposure to contaminants. As per
NEPM 1999 (as amended 2013), they are intentionally conservative and are based on a reasonable worst case
scenario for the following four generic land use settings:

- HIL A: Residential with garden/accessible soil (home grown produce <10% fruit and vegetable intake, (no
poultry), also includes children’s day care centres, preschools and primary schools.
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- HIL B: Residential with minimal opportunities for soil access includes dwellings with fully and permanently
paved yard space such as high-rise buildings and flats.

- HIL C: Public open space such as parks, playgrounds, playing fields (e.g. ovals), secondary schools and
footpaths. It does not include undeveloped public open space (such as urban bushland and reserves) which
should be subject to a site-specific assessment where appropriate.

- HIL D: Commercial/industrial such as shops, offices, factories and industrial sites.

Levels slightly in excess of the HILs do not imply unacceptability, or that a significant health risk is likely to be
present. Exceeding a HIL means further investigation is required and not ‘risk is present, clean-up required’.

Schedule B1 of the NEPM 1999 (as amended 2013) also provides health screening levels (HSLs) for selected
petroleum compounds and fractions, and are applicable to assessing human health risk via the inhalation and
direct contact pathways. The HSLs depend on specific soil physicochemical properties, land use scenarios, and
the characteristics of building structures. They apply to different soil types, and depths below surface to greater
than 4mBGL. Further detail on their use is provided in Friebel, E and Nadebaum, P (September 2011) Health
Screening Levels for Petroleum Hydrocarbons in Soil and Groundwater, CRC CARE Technical Report no. 10,
CRC for Contamination Assessment and Remediation of the Environment, Adelaide Australia (CRC CARE 2011).

5.2.3 Buildings and Structures

The SEPP (PMCL) states that the contamination must not cause the land to be corrosive to or adversely affect the
integrity of structures or building materials.

The exposure classifications for concrete piles and steel piles outlined in Australian Standard 2159-2009 “Piling-
Design and Installation” (AS2159) have been considered during this Audit. AS2159 provides exposure conditions
for sulphates (expressed as SO.), chlorides and pH in order to assess soil conditions under an exposure
classification.

5.2.4 Aesthetics

According to the SEPP (PMCL), contamination must not cause the land to be offensive to the senses of human
beings. Although this is a subjective parameter, aesthetic issues relating to the site may include discoloured soil
(stained from spills, containing coloured waste, for example oil or carbon black), malodorous soils, abnormal
consistency or soil containing waste (such as foundry slag, ash, bricks and concrete).

5.25 Production of Food, Flora and Fibre

For the protection of beneficial use ‘food flora and fibre’ it would be appropriate to adopt the same criteria as for
the beneficial use maintenance of ecosystems.

53 Groundwater

In accordance with the SEPP Groundwaters of Victoria (SEPP GoV), groundwater quality objectives for beneficial
uses are primarily sourced from the Australian Water Quality Guidelines for Fresh and Marine Waters, published
by the Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (ANZECC/ARMCANZ, 2000).

Given the beneficial uses identified in Section 2.3, AECOM has referenced the following groundwater quality
objectives in order to determine which CoPC are likely to exceed beneficial use criteria on a regional scale.

It is noted that the adopted objectives are preliminary values that were developed using conservative assumptions
that may not represent actual site conditions. Exceeding the reference values for a specific chemical does not
necessarily indicate that the impact poses significant environmental concerns, only that additional evaluation is
warranted. For this project, the additional evaluation is in the form of statistical analysis to determine possible
regional background ranges of relevant CoPC.

16-Mar-2016
Prepared for — Environment Protection Authority — ABN: 85 899 617 894



AECOM Baseline Groundwater Quality Assessment 16

Table 6 Adopted Guidelines for Groundwater Beneficial Uses

Discharge | Maintenance of For maintenance of ecosystems, the SEPP Waters of Victoria (SEPP

to surface | Ecosystems (WoV) and its schedules apply. The SEPP (WoV) adopts surface water
water objectives from Australian and New Zealand Guidelines for Fresh and

Marine Water Quality (ANZECC/ARMCANZ, 2000).

The Yarra River in the vicinity of the Site falls within the ‘“Yarra Port
Segment’ and ‘Highly Modified ecosystem’ in the SEPP (WoV) —
Schedule F7 — Waters of the Yarra Catchment and therefore a 90% level
of ecosystem protection will be adopted.

Where no high reliability guideline values are available in
ANZECC/ARMCANZ (2000) for potential contaminants of concern (e.g.
metals, PAHs and TPH) the following guidelines will be adopted:

- ANZECC/ARMANZ (2000) moderate and low reliability trigger
values. Where exceedences of these low reliability screening values
are reported, the magnitude of exceedence should be considered in
light of the reliability of these values.

- The errata to ANZECC/ARMCANZ (2000) replaced the trigger
values for nitrate with “under review”. The 90% grading value for
nitrate from Hickey (2013). Updating nitrate toxicity effects on
freshwater aquatic species will be adopted.

- In the absence of receptor-specific screening values established in
Australia, publications from other international jurisdictions (e.g.
Canada, USA, UK, Netherlands) will be reviewed to identify an
indicative screening value for comparative purposes.

Discharge | Primary Contact AECOM has considered National Health and Medical Research Council
to surface | Recreation (NHMRC) Guidelines for Managing Risks in Recreational Water (2008).
water This document references the NHMRC Australian Drinking Water

Guidelines (2004) (the drinking water guidelines that were current at the
time) as a guide. Australian Drinking Water Guidelines 6 was published
in 2011 (NHRMC 2011). Subsequent revisions to the guidelines were
made in 2013, 2014, 2015 and 2016. NHMRC 2011 will be referred to
for updated drinking water guideline values.

NHMRC (2013) states that to account for percentage of daily intake from
recreational waters, the drinking water guidelines provided can be
modified by a factor of 10 to provide screening levels for chemicals.
Hence, the objectives and approach presented in NHMRC (2011) have
been adopted. Where no guidelines are listed for particular contaminants
in NHMRC (2011), the following will be adopted (in order of preference)
and multiplied by a factor of 10 for chemicals that are based on an
ingestion scenario:

- WHO (2011) Guidelines for Drinking Water Quality — Health

- USEPA (November 2015) Regional Screening Levels for
Residential Tap Water

Extractive | Potable water supply The SEPP (GoV) specifies water quality indicator levels in groundwater
Use should be less than the levels specified in the Australian Water Quality
Guidelines for Fresh and Marine Waters. For drinking water,
ANZECC/ARMCANZ (2000) refers to the Australian Drinking Water
Guidelines.
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The following hierarchy for drinking water guidelines will therefore be
adopted:

- NHMRC (2011) Australian Drinking Water Guidelines

- World Health Organization (WHO) (2011) Guidelines for Drinking
Water

- USEPA (November 2015) Regional Screening Levels for
Residential Tap Water

Extractive
Use

Agriculture, Parks and
Gardens

The SEPP (