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Executive summary

Summary

Aurecon Australasia Pty Ltd (Aurecon) was engaged by Transport for New South Wales (Transport) to
prepare this Groundwater Impact Assessment to support the environmental and planning requirements for
the Henry Lawson Drive Stage 1A Upgrade works. A total of 1.3 kilometres (km) of Henry Lawson Drive
would be upgraded between Tower Road and Keys Parade and an additional 480 metres (m) along Milperra
Road to the Newbridge Road Georges River Bridge tie in (the overall proposal).

The study area covers the overall proposal area and certain aspects to 1 km radius. The study area also
encompasses an additional 480 m along Milperra Road and the Newbridge Road Georges River bridge tie
in, south of the Bankstown Airport. The proposal area also coincides with identified coastal wetlands and as
such, this part of the proposal is deemed designated development and an Environmental Impact Statement
(EIS) has been prepared. The Groundwater Impact Assessment supports the Review of Environmental
Factors (REF) for the proposal being prepared by Transport under Division 5.1 of the Environmental
Planning and Assessment Act 1979 (NSW) (EP&A Act) (REF Proposal) and an Environmental Impact
Statement being prepared under Division 4.1 of the EP&A Act (EIS Proposal). As such, the Groundwater
Impact Assessment also addresses the relevant Secretary’s Environmental Assessment Requirements
(SEARS) that have been issued for the EIS proposal to address potential risks to the coastal wetlands during
construction.

Report objectives

The objective of this report is to consider the construction and operation of the REF and EIS proposals on
the groundwater environment. This report includes the assessment of key environmental factors controlling
and influenced by groundwater conditions, including climate conditions, local catchments and drainage,
geological units, aquifer conditions, soil landscapes, groundwater dependent ecosystems (GDEs), and
contamination sources. While the groundwater resource underlies all the proposal areas, the impacts have
been identified for direct impact from the REF proposal and the EIS proposal, as well as consideration of
indirect impacts from the REF proposal.

Impact assessment

The assessment has identified several terrestrial and aquatic groundwater dependant ecosystems within and
around the overall proposal area that have the potential to be disturbed both directly and indirectly by
construction and operation of the REF and EIS proposals.

The assessment has also identified (based on the preliminary site investigation (PSI) done for the proposal),
several potential sources of groundwater contamination, including:

Several service stations (potential hydrocarbons and heavy metals)
Bankstown Airport (potential PFAS)

Adjacent golf courses (potential nutrients and pesticides/herbicides)
Influence of acid sulphate soils (ass)

Higher than average salinity

Former landfill operations and surrounding land uses

Further discussion on these sources of contamination can be found in the PSI prepared for the REF and EIS
proposal.

The overall proposal is located on the eastern side of the Georges River in a floodplain with high flood risk
and high salinity hazard and a reasonably undefined interaction with groundwater.
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Groundwater levels are currently poorly defined within and around the overall proposal area, with literature-
based sources indicating levels in the general area are between 0 metres below ground level (m bgl) and

8 m bgl. Groundwater levels for registered bores near Henry Lawson Drive and Tower Road are between
4.6 to 5.0 m bgl, with a drilled bore for the proposal located around 100m south east of the EIS proposal
detected groundwater at 2.8 m bgl. Aquifer vulnerability is considered high due to the unconfined nature of
the alluvial deposits which form principal aquifers for the landscape and ecology within and around the study
area. Perched systems are likely to be present where shallow but discretely lensed groundwater may be
encountered.

The REF proposal and the EIS proposal would interact with groundwater through a number of means during
the construction phase:

Ingress of groundwater into bridge piles during piling works (REF proposal only), trenching for utility
relocations (REF proposal only)

Installation of drainage infrastructure including bioretention basins (REF proposal and EIS proposal
areas 1 and 2)

Excavation and exposure of PASS (primarily in the REF proposal area and EIS proposal area 1)
Potential impacts from the REF proposal and EIS proposal relevant to groundwater may include:

Direct impacts to aquatic and terrestrial GDEs and coastal wetlands through GDE removal during
earthworks and leaching of potential acid sulfate soils into GDE habitats during construction (primarily
REF and EIS proposal area 1)

Indirect impacts to aquatic and terrestrial GDEs and coastal wetlands through stormwater discharges
during both construction and operation, leading to burial by sediment and toxicological impacts from
potential contaminants mobilised by ground disturbance, accidental spills or lowering of the soil/water pH
as a result of leaching of acid sulfate soils (EIS proposal areas)

Indirect impacts to aquatic and terrestrial GDEs and coastal wetlands through transport of existing
contaminant sources through preferential drainage paths (ie backfilled utilities trenches) during
construction and operational phases (REF and EIS proposal areas)

Direct impacts to groundwater levels resulting due to infiltration from bioretention devices and open grass
swales to groundwater during construction and operational phases causing water table mounding (REF
and EIS proposal areas)

Direct impacts to groundwater quality resulting from pavement seepage and stormwater leakage to
groundwater during construction and operational phases (REF and EIS proposal areas)

REF proposal construction and operation phase moderate to high risk impacts were considered to include
exposure of ASS and potential of transfer into groundwater, exposure of contamination and transfer into
groundwater or exposure of contaminated groundwater, indirect impact to the EIS proposal areas through
discharge to groundwater which could affect GDEs and the coastal wetlands. Impacts to interaction with
groundwater table include possible mounding from the use of the bio-retention basins at two locations.

EIS proposal construction and operation phase moderate to high risk impacts were considered to include
GDEs including coastal wetlands that could affect the groundwater resource, exposure of ASS and potential
of transfer into groundwater, exposure of contamination and transfer into groundwater or exposure of
contaminated groundwater.

Recommendations

Due to the presence of potential impacts and uncertainty around baseline conditions, it has been
recommended that baseline groundwater monitoring is undertaken to define existing conditions and
undertake further assessment of the potential impacts from the overall proposal on the groundwater quality,
groundwater interactions, and groundwater dependent ecosystems. It is recommended that groundwater
monitoring encompasses both REF and EIS proposal areas, in particular the three EIS proposal areas to
fully satisfy the SEARSs which states the assessment should be undertaken with reference to necessary
regulatory guidelines.
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1 Introduction

Transport for NSW (Transport) is proposing the Stage 1A upgrade of Henry Lawson Drive (the overall
proposal) about a 1.3 kilometre (km) length of Henry Lawson Drive, including intersection upgrades, between
Keys Parade and Tower Road. This includes an upgrade of around 480 metres (m) along Milperra Road to
the Newbridge Road Georges River Bridge tie in The overall proposal is predicted to help ease existing
traffic issues and increase traffic capacity at key intersections to help meet growing demand, with residential,
commercial and industrial development in the surrounding area expected to increase in the coming years.
The broader upgrade of Henry Lawson Drive would be delivered in three stages.

Subject to approval, construction of the overall proposal may commence in early 2023 and would take about
two years to complete.

The following report provides a Groundwater Impact Assessment to support a Review of Environmental
Factors (REF) for the proposal being prepared by Transport under Division 5.1 of the Environmental
Planning and Assessment Act 1979 (EP&A Act) and an Environmental Impact Statement (EIS) being
prepared under Division 4.1 of the EP&A Act. The REF has been prepared for the majority of the proposal,
where Transport can approve works under the State Environmental Planning Policy (Infrastructure) 2008
(referred to as the ‘REF proposal’). However, as part of the proposal is located within areas mapped as
coastal wetlands under the State Environmental Planning Policy (Coastal Management) 2018, this part of the
proposal is deemed designated development and is subject to an EIS. The work within mapped coastal
wetlands is referred to as the ‘EIS proposal’.

Site layout and the REF and EIS proposal areas are presented in Figure 1-1. Further details on the proposal
including key features are detailed in Chapter 2.

The overall proposal is located around 20 km south west of the Sydney central business district in the City of
Canterbury-Bankstown local government area. The overall proposal comprises Henry Lawson Drive and
includes intersection upgrades at Tower Road, Newbridge/Milperra Road and Auld Avenue.

Henry Lawson Drive is a key connection for traffic moving between the Hume Highway, Milperra Road
/Newbridge Road and the M5 Motorway. It is also used for local travel trips between residences and
services. In terms of heavy vehicle access, Henry Lawson Drive is desighated as a B-Double access route
that connects surrounding large industrial areas of Milperra, Revesby, Chipping Norton and Moorebank.

The overall proposal is located to the east of the Georges River and surrounding recreational areas. There
are a number of Coastal Wetlands within and surrounding the overall proposal associated with the Georges
River and associated creeklines.

Residential and recreation zoning and land uses are located to the south west of the proposal, including
detached housing, sporting fields and recreational areas. The Bankstown Golf Course and urban bushland
areas are located to the south east. Commercial/industrial land use, including retail and commercial
developments are present to the north of Milperra Road. The commercial developments back onto the
Bankstown Airport and land currently being redeveloped, all of which access Henry Lawson Drive via Tower
Road. The Georges River Golf Course is located north of Tower Road.

The study area for the Groundwater Impact Assessment includes the overall proposal boundary as well as
assessment of existing groundwater catchments out to one kilometre from the overall proposal.
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Figure 1-1  Site Extent
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This report has been prepared to support the REF and EIS for the proposal. This report has been prepared
in accordance with the Secretary’s Environmental Assessment Requirements (SEARS) for the EIS proposal.

The purpose of this report is to describe the overall proposal, to document the likely impacts of the REF and
the EIS proposal on the groundwater environment, impacts of the groundwater environment on the proposal
and to detail suitable mitigation measures if required.

Key considerations of this assessment with relation to groundwater include:

Groundwater resource (eg aquifer conditions, resource potential, vulnerability, recharge, levels)

Groundwater users (eg irrigation, stock and domestic, commercial/industrial, potable water supply)

Groundwater quality (physical parameters and chemistry)

Groundwater dependent ecosystems (eg watercourses, wetlands, springs)

The scope of the report includes:

131

Stage 1: Desktop Assessment

A desktop assessment to determine the hydrogeological characteristics of the groundwater flow system
associated with the proposal will be undertaken. It is anticipated that the following will be assessed:

Characterisation of the catchment (including surface, hydrogeological, geological, water quality and
groundwater systems) including:

Local topography (based on available +/- 2m resolution state contours — NSW Spatial Services)
Drainage (Public NSW Hydrography)

Soil landscapes (DPIE 2020)

Acid sulfate soils (Naylor et al 1998)

Hydrologic soil groups (OEH 2017)

Geology (Penrith 1:100 000 Geological Sheet Clark and Jones 1991)

Hydrogeology (based on data supplied on espade and SEED Mapping, OEH 2002 and DPIE 2020)

A description of groundwater conditions within the study area, including occurrence, flow, and
quality/chemistry through review of available public access data and from proposed/completed
geotechnical investigations

A review of available public access data to identify boreholes, groundwater dependent ecosystems and
groundwater users (if any) within 1 km of the proposal area

Review of Contamination assessment to reference any known existing water quality issues

Review of relevant planning instruments, including the Bankstown Local Environmental Plan and DCP,
and relevant Water Sharing Plans to contextualise the site relative to sensitive groundwater receiving
environments potential constraints on construction and operation of the proposed link road, along with
any requirements for licencing/approvals to undertake works

Review of potential constraints and impacts relevant to key legislation, including the National Environment
Protection Act 2013, National Water Quality Management Strategy 2000, Water Management Act 2000,
NSW State Groundwater Quality Protection Policy (1998), NSW Groundwater Dependent Ecosystems
Policy (2002), Protection of the Environment Operations Act 1997, and NSW Aquifer Interference Policy
(2012)
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1.3.2 Stage 2: Impact Assessment

The outcome from desktop assessment will be used to develop a hydrogeological conceptual model (HCM)
for the basis for the assessment of the presence or absence of impacts to the proposed works accordance
with the procedures in the Practice Note, Aquifer Interference Policy and other relevant legislation and
policies assessed in the desktop assessment. This would include:

= Assessment of potential impacts to groundwater resource/quality and groundwater users/receiving
environments from construction stage and operational stage activities (including excavations, surface
water diversions, temporary changes to drainage conditions) in consideration of Local Environment Plans,
Water Sharing Plans and relevant legislation

= Assessment of suitable management measures/mitigation strategies to control potential risks to
groundwater resource/quality and groundwater users/receiving environments from construction and
operation of the overall proposal. Mitigation strategies would follow a hierarchy of priority, based on the
level of potential risk to the environment.

In Chapter 6, construction impacts for the REF proposal area is addressed in Section 6.2.1 and the EIS
proposal areas are discussed in Section 6.2.2 that specifically addresses the SEARS.

1.3.3 Secretary’s Environmental Assessment Requirements

As sections of the proposal intersect with areas mapped as Coastal Wetlands, an EIS has been prepared to
assess the EIS proposal (refer Section 2.2) under Division 4.1 of the EP&A Act. For this EIS, SEARs have
been issued by the Department of Planning, Industry and Environment, which describe assessment
requirements. The requirements relevant to the Groundwater assessment is presented in Table 1-1.

Table 1-1 Secretary's Environmental Assessment Requirements

Groundwater | An assessment of hydrology, and potential impacts on | Groundwater - Section 6
and surface the quality and quantity of surface and groundwater Surface water — refer to separate surface
water resources with reference to the ANZG (2018) water report

Guidelines for Fresh and Marine Water Quality or

equivalent water quality guidelines,

Contamination | Downstream impacts of contaminated soils on aquatic =~ Consideration of indirect impacts on
and soll ecology groundwater dependent ecosystems
quality (GDESs) are in Section 6.

Further details on contaminated soils are
addressed in the PSI.

Further details on impacts to aquatic
ecology are addressed in the BAR.
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2 Proposal details

As discussed in Section 1.3, this report addresses groundwater impacts of the REF and EIS proposal areas
for the Henry Lawson Drive stage 1A upgrade. This chapter details the key features of the overall proposal.

Key features of the REF proposal are:
Widening Henry Lawson Drive from two to four lanes
Upgrading the signalised intersection of Henry Lawson Drive and Tower Road including:
— An additional right turn lane from Tower Road onto Henry Lawson Drive;
— A new channelised short left-turn lane from Henry Lawson Drive (southbound) onto Tower Road
— An additional right turn lane from Henry Lawson Drive (northbound) onto Tower Road; and
— Retaining the pedestrian crossing across Henry Lawson Drive on the southern side of the intersection.

Upgrading the signalised intersection of Henry Lawson Drive and Milperra Road /Newbridge Road
including:

— An additional right turn lane on the Milperra Road and Newbridge Road approaches to Henry Lawson
Drive

— An additional through lane on the Henry Lawson Drive southbound approach

— The removal of the bus only lane on Milperra Road to provide an additional right turn lane on the
Henry Lawson Drive northbound approach.

Removing the dedicated left turn slip lane into the ALDI and fast-food area with access being retained via
a standard property driveway

Retaining the existing bus stop on Milperra Road (eastbound) and moving the westbound bus stop 20 m
to the west

Altering access to Auld Avenue to a “left in/left out” only configuration

Installing a new Henry Lawson Drive road bridge (over Milperra Drain) to the south of Auld Avenue
(referred to as the Auld Avenue bridge) to carry northbound traffic and retaining the existing bridge for
southbound traffic

Constructing new footpaths on the eastern side of Henry Lawson Drive to connect Tower Road to the
existing bus stop on the eastbound lanes of Milperra Road and a new footpath on the southern side
between Henry Lawson Drive to the bus stop on the westbound lanes of Milperra Road

Widening the shared user pathway between Flower Power (Keys Parade) and Newbridge Road to 3 m
and reconstructing footpaths along the western side of Henry Lawson Drive, where required

Adjusting existing drainage, including lengthening culverts, installing new drainage infrastructure and
water quality controls

Relocating utilities (including electrical, gas, water and telecommunications)
Final roadworks including pavement, kerb and gutters, signs, lighting and line marking

Ancillary work for the proposal including, but not limited to road furniture, tie-in works, landscaping,
earthworks and the like

Temporary ancillary compounds, stockpile sites and associated facilities.
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The EIS proposal area are comprised of three areas as identified on Figure 1-1. Key features of the EIS
proposal are identified in the following list.

2.2.1 EIS proposal area 1 — Henry Lawson Drive opposite Tower Road
The key features of EIS proposal area 1 are:
Widening of Henry Lawson Drive northbound lanes
Installing of fill embankments along the edge of the new carriageway to meet existing ground levels
Extending existing stormwater culvert and installing outlet scour protection measures
Installing additional stormwater drainage infrastructure and water quality treatments

Installing a vegetated swale along the toe of the new fill embankment

Adjusting the existing shared path to suit the new re-alignment and to connect it back to the existing path

Installing road furniture, including road safety barriers

2.2.2 EIS proposal area 2 — Milperra Road opposite Bankstown Airport
The key features of the EIS proposal area 2 are:
Installing a new bus stop relocated from its existing position on Milperra Road

Installing a section of a new footpath to the bus stop (connecting to the remainder of the new path to
Henry Lawson Drive — REF proposal)

Installing fill embankments along the edge of the new carriageway to meet existing ground levels
Extending existing stormwater culvert and installing outlet scour protection measures
Installing additional stormwater drainage infrastructure connecting to the outlet of the extended culvert

Installing road furniture, including road safety barriers

2.2.3 EIS proposal area 3 — Henry Lawson Drive opposite Auld Avenue
The key features of the EIS proposal area 3 are:
Removing of existing ancillary structures

Installing temporary fencing, flagging of exclusion boundaries and temporary erosion and sediment
controls for use as an ancillary facility and construction area

Installing fill embankments along the edge of the new carriageway to meet existing ground levels

Stabilising the ground surface following the completion of construction to minimise erosion.

Construction activities would be carried out in accordance with a construction environmental management
plan (CEMP) to ensure work complies with Transport's commitments and legislative requirements. Detailed

work methodologies would be identified by the construction contractor.

Construction of both the REF and EIS proposal (where relevant) is expected to involve the following
activities:

Establishment works including ancillary facilities, construction access areas and the implementation of
environmental, traffic and pedestrian controls

Utility adjustment works
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= Existing building and fencing removal

= Clearing and grubbing

»  Earthworks (including piling)

=  Widening and pavement works

= Bridge and drainage works

= Pedestrian pathway, intersection crossing, and shared path works
® Landscaping and finishing works

= Removal of ancillary facilities and site rehabilitation

Based on the proposal activities, works are expected to involve moderate ground disturbance. Moderate
earthworks and excavation activities are anticipated during the construction of the road upgrade, an
estimated excavation volume is 185 m?3 (for both the REF and EIS proposals). The upgrade is intended to tie
in with the existing roadway and maintain the existing road level, which is within a flat lying floodplain area.
Road shoulders will be incorporated into the design, allowing for minimal cut and fill areas and major
earthworks.

The ground disturbance activities are anticipated to be undertaken at the Tower Road intersection in the
north of the proposal area, and for the duplication of the existing bridge structure to the south of Auld
Avenue. Minor filling to level the roadway near Tower Road is required to level the ground surface. Additional
filling would be required west of Tower Road intersection to also create flat surface for the shared use path.
Piling activities to support the new Auld Avenue bridge (northbound) will be required, approximate piling
depth is 30m below ground level (to be confirmed at detailed design). A bored cast in-situ piling method is to
be used for piling in this area.

Excavation and works that may pose a risk to groundwater are shown in Table 2-1.

Table 2-1 Excavation and works impacts to Groundwater

Earthworks Grading and compaction of materials to Foundation treatments, where required
required levels

Removal of topsoil and disposal

Bridge and drainage Construction of new bridge structure involving piling, concrete pours and placement of pre-
works cast elements

Excavation of trenches and pits for drainage, delivery of and placement of precast pipe and
pits, filling of trenches and compaction.

Landscaping and Progressive landscaping would be undertaken throughout the construction. This would
finishing works include the spreading of topsoil and mulch and planting
Ancillary facilities Upgrade stormwater drainage -

Provide temporary compound sites during works and decommission site offices and remove
facilities, equipment and materials at completion
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3 Relevant legislation

The overall objective of the Water Management Act 2000 (WM Act) is “sustainable and integrated
management of the State’s water” (DLWC 2001). Water sharing plans are the main tool through which the
WM Act achieves its objectives. The main principles of the WM Act are as follows:

Water sources, floodplains and dependent ecosystems (including groundwater and wetlands) should be
protected and restored and, where possible, land should not be degraded

Habitats, animals and plants that benefit from water or are potentially affected by managed activities
should be protected and (in the case of habitats) restored

The water quality of all water sources should be protected and, wherever possible, enhanced

The cumulative impacts of water management licences and approvals and other activities on water
sources and their dependent ecosystems, should be considered and minimised

Geographical and other features of aboriginal significance should be protected
Geographical and other features of major cultural, heritage or spiritual significance should be protected
The social and economic benefits to the community should be maximised

The principles of adaptive management should be applied, which should be responsive to monitoring and
improvements in understanding of ecological water requirements

In relation to water sharing:
Of water from a water source must protect the water source and its dependent ecosystems
Of water from a water source must protect basic landholder rights

Or extraction of water under any other right must not prejudice the principles set out in the above
paragraphs

In relation to drainage management:

Drainage activities should avoid or minimise land degradation, including soil erosion, compaction,
geomorphic instability, contamination, acidity, waterlogging, decline of native vegetation or, where
appropriate, salinity and, where possible, land should be rehabilitated

The impacts of drainage activities on other water users should be avoided or minimised
In relation to controlled activities:

The carrying out of controlled activities must avoid or minimise land degradation, including soil erosion,
compaction, geomorphic instability, contamination, acidity, waterlogging, decline of native vegetation or,
where appropriate, salinity and, where possible, land must be rehabilitated

The impacts of the carrying out of controlled activities on other water users must be avoided or minimised
In relation to aquifer interference activities

The carrying out of aquifer interference activities must avoid or minimise land degradation, including soil
erosion, compaction, geomorphic instability, contamination, acidity, waterlogging, decline of native
vegetation or, where appropriate, salinity and, where possible, land must be rehabilitated

The impacts of the carrying out of aquifer interference activities on other water users must be avoided or
minimised.

Elements of the WM Act (including relation to drainage management, aquifer interference activities) and
general principles for design specific to the overall proposal have been considered in this assessment to
inform potential construction and operational phase risks of the proposal.
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The Protection of the Environment Operation Act 1997 (POEO Act) is administered by the Department of
Planning, Industry and Environment (DPIE). The POEO Act regulates air and water pollution, noise control
and waste management. A core provision under the POEQO Act is the issuing of environmental protection
licences.

The proponent engaged in scheduled activities is required to hold an environmental protection licence and
comply with conditions of that licence. The proposal is not a scheduled activity as it does not meet relevant
criteria for road construction under item 35 of Schedule 1 of the POEO Act.

Under the POEO Act, there is a legal responsibility to ensure that runoff leaving a site meets an agreed
water quality standard, including water being discharged from sedimentation ponds after storm events.

The NSW AIP (DPI Office of Water, 2012) is the NSW Government'’s policy for the licensing and assessment
of aquifer interference activities.

Under the WM Act, an aquifer is defined as a geological structure or formation, or an artificial landfill that is
permeated with water or is capable of being permeated with water. The WM Act defines aquifer interference
as an activity that involves any of the following:

The penetration of an aquifer
The interference with water in an aquifer
The obstruction of the flow of water in an aquifer

The taking of water from an aquifer in the course of carrying out mining or any other activity prescribed by
the regulations

The disposal of water taken from an aquifer in the course of carrying out mining or any other activity
prescribed by the regulations

The proposal does not intend to extract large quantities of groundwater triggering the need to apply for a
water extraction licence for construction needs or for domestic purposes during construction. Elements of the
NSW AIP (in particular obstruction of flow of water in an aquifer and penetration of an aquifer) have been
considered in this assessment to determine required construction and operational phase mitigation
measures associated with the overall proposal.

The NSW Groundwater Protection Policy (NSW GQPP) (Department of Land & Water Conservation, 1998)
adopts the principles outlined in the NSW State Groundwater Policy Framework document in relation to
groundwater quality protection, and specifically the following management principles:

All groundwater systems should be managed so that the most sensitive identified beneficial use (or
environmental value) is maintained

Town water supplies should be afforded special protection against contamination
Groundwater pollution should be prevented so that future remediation is not required

For new developments, the scale and scope of work required to demonstrate adequate groundwater
protection shall be commensurate with the risk the development poses to a groundwater system and the
value of the resource

A groundwater pumper shall bear the responsibility for environmental damage or degradation caused by
using groundwaters that are incompatible with soil, vegetation or receiving waters

Groundwater dependent ecosystems will be afforded protection

Groundwater quality protection should be integrated with the management of groundwater quantity
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The cumulative impacts of developments on groundwater quality should be recognised by all those who
manage, use, or impact on the resource

Where possible and practical, environmentally degraded areas should be rehabilitated, and their
ecosystem support functions restored.

The policy identifies management tools to achieve groundwater protection, some of which would be relevant
to the proposal, including the use of groundwater management plans, groundwater vulnerability mapping and
groundwater monitoring. The proposal area passes through potential groundwater dependent ecosystems
(GDEs) which are afforded special protection under the NSW GQPP. Further consideration of GDEs is in
Section 5.5.1.

The 3.5 National Water Quality Management Strategy (NWQMS) was developed collectively by the states,
territories and Commonwealth during the 1990s by the Australian and New Zealand Environment and
Conservation Council (ANZECC) and Agriculture and Resources Management Council of Australia and New
Zealand (ARMCANZ).

The NWQMS (ANZECC 2000) provides a nationally consistent approach to water quality management and
the information and tools to help water resource managers, planning and management agencies, regulatory
agencies and community groups manage and protect their water resources.

The NWQMS comprises a description of policies, principles and guidelines for end users and water sources.
The main policy objective of the NWQMS is to achieve sustainable use of water resources, by protecting and
enhancing their quality, while maintaining economic and social development.

The NWQMS process involves development and implementation of a management plan for each catchment,
aquifer, estuary, coastal water or other water body, by community and government. These plans focus on the
reduction of pollution released into coastal pollution hotspots and other aquatic ecosystems around the
country. Local government, community organisations and other agencies implement these plans using the
NWQMS to protect agreed environmental values.

Guidelines are numerous and cover all aspects of water quality, including but not limited to ambient and
drinking water quality, groundwater, stormwater, sewerage systems, and effluent management.

The NWQMS consists of some 21 guideline documents which broadly cover ambient and drinking water
quality, monitoring, groundwater, rural land uses and water quality, stormwater, sewerage systems and
effluent management for specific industries. Two new publications were released in 2001:

Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2000)
Australian Guidelines for Water Quality Monitoring and Reporting (2000)

These publications provide a new approach for deriving water quality guidelines, objectives and targets.
They provide highly detailed and comprehensive information for water quality monitoring and management in
Australia and New Zealand. Each publication is discussed in more detail in the following sections.

Construction and operational phases of the overall proposal have the potential to impact water quality within
the Georges River and associated waterways. As such, it is recommended to integrate water quality
management strategies (consistent with NWQMS) as part of this overall proposal, in such that the
environmental values of the sensitive receiving waterways are not adversely impacted.

The NSW GDEP (Department of Land & Water Conservation, 2002) provides a framework for the
sustainable management of groundwater. It adopts the following principles for the management of GDEs in
NSW:

The scientific, ecological, aesthetic and economic values of GDEs, and how threats to them may be
avoided, should be identified and action taken to ensure that the most vulnerable and the most valuable
ecosystems are protected.
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Groundwater extraction should be managed within sustainable yield of aquifer systems, so that the
ecological processes and biodiversity of their dependent ecosystems area maintained and/or restored.
Management may involve establishment of threshold levels that are critical for ecosystem health, and
controls on extraction in the proximity of groundwater dependent ecosystems.

Priority should be given to ensuring that sufficient groundwater of suitable quality is available at the time
when it is needed, for:

— Protecting ecosystems which are known to be, or are most likely to be, groundwater dependent.

— For the GDEs which are under an immediate or high degree of threat from groundwater-related
activities.

Where scientific knowledge is lacking, the Precautionary Principle should be applied to protect GDEs.
The development of adaptive management systems and research to improve understanding of these
ecosystems is essential to their management.

Planning, approval and management of development and land use activities should aim to minimise
adverse impacts on GDEs by:

— Maintaining, where possible, natural patterns of groundwater flow and not disruption groundwater
levels that are critical for ecosystems.

— Not polluting or causing adverse changes in groundwater quality.
— Rehabilitating degraded groundwater systems where practical.

The policy contains management principles and methods to protect GDEs which have been considered and
applied where GDEs are potentially encountered during the construction of the overall proposal.

The Commonwealth National Environment Protection Council Act 1994, and complementary State and
Territory legislation allow the National Environment Protection Council to make National Environment
Protection Measures (NEPMs). The NEPM is a set of national objectives designed to assist in protecting or
managing particular aspects of the environment.

Of particular relevance in the context of this investigation and report is the National Environment Protection
(Assessment of Site Contamination) Measure, December 1999, as amended April 2013 (ASC NEPM).

The goal of the site contamination measure is to establish a nationally consistent approach to the
assessment of site contamination to ensure sound environmental management practices by the community
which includes regulators, site assessors, environmental auditors, landowners, developers and industry.

The NEPM also aims to ensure adequate protection of human health and the environment, where site
contamination has occurred, through the development of an efficient and effective national approach to the
assessment of site contamination.

Soils and groundwater impacted by potential contamination, either as a result of the overall proposal, or
encountered by the proposal, have been considered and assessed within this report.
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4 Environmental values and guidelines

The NSW Water Quality Objectives are the agreed environmental values and long-term goals for NSW's
surface waters. They set out:

=  The community's values and uses for our rivers, creeks, estuaries and lakes (ie healthy aquatic life, water
suitable for recreational activities like swimming and boating, and drinking water); and

= A range of water quality indicators to help us assess whether the current condition of our waterways
supports those values and uses.

There are two kinds of water quality objectives (WQOSs) that are applicable to the Proposal site:
= Catchment specific objectives based on the maintenance of environmental values; and

= Default guideline values (DGVSs) included in the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZG, 2018) which provide a threshold or a range of desired values to achieve
WQOs for different community values including aquatic ecosystems, human health and primary
industries.

Default guideline values have been derived for fresh and marine waters but not for groundwater or brackish
or hypersaline surface waters.

For the Georges River catchment, there are four main sub-catchment categories, each with a set of
environmental values that describe the water quality goals relevant to each sub-catchment. The Independent
Inquiry into the Georges River — Botany Bay System (Healthy Rivers Comission, 2001) determined that the
Proposal is located within a sub-catchment classified as a ‘waterway affected by urban development'.

The key Water Quality Objectives (WQOs) and nominated environmental values relevant to the Georges
River include:

= Protection of Aquatic Ecosystems: ecological condition of waterways and the riparian zone. Physical
and chemical water quality stressors that cause degradation of aquatic ecosystems. For the purpose of
this assessment, indicators include nutrients, dissolved oxygen, pH, metals, salinity and turbidity.

= Protection of Visual Amenity: aesthetic qualities of waters. For the purpose of this assessment,
indicators include transparency, odour and colour.

= Protection of primary and secondary contact recreation: water quality for activities, such as
swimming, boating and wading where primary contact recreation implies direct contact with the water via
bodily immersion or submersion with a high potential for ingestion (eg swimming, diving and water skiing),
and secondary contact recreation implies some direct contact with the water would be made but ingestion
of water is unlikely (eg boating, fishing and wading). Bacteriological indicators are used to assess the
suitability of water for recreation.

The NSW WQOs relevant to the proposal include the estuary conditions are summarised in Table 4-1 and
include target concentrations for total phosphorus, total nitrogen, chlorophyll-a, turbidity, electrical
conductivity, dissolved oxygen and pH.

Table 4-1 Summary of WQO ecological triggers for estuaries

Total phosphorus (ug/L) 30
Total nitrogen (ug/L 300
Chlorophyll-a (ug/L) 4
Turbidity (NTU) 0.5-10

Electrical conductivity (uS/cm) -

Dissolved Oxygen (% saturation) 80.110

pH 7.0-85

Temperature Default trigger values are provided in ANZECC 2000 guidelines. An unnatural
change in temperature (>80%ile, <20%ile) is the default trigger value.
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Chemical contaminant or toxicants

Biological assessment indicators

The trigger values for toxicants for typical slightly—moderately disturbed systems
(ANZECC and ARMCANZ, 2000) are summarised in Table 4-2

This form of assessment directly evaluates whether management goals for
ecosystem protection are being achieved. Many potential indicators exist.

Table 4-2 presents select default guideline values (DGVs) for toxicants commonly found in surface waters in
areas affected by urban development. The trigger values for the DGVs identified in Table 4-2 are based on
the 95% species criteria (for slightly to moderately disturbed systems) in line with the desired condition of
ecosystem and associated level of protection.

DGVs represent criteria to be achieved under chronic exposure scenarios. DGVs are not discharge criteria

and should not be used as such.

Table 4-2 Select default guideline values — Toxicants (ANZG, 2018)

Aluminium (pH >6.5)
Ammonia
Arsenic (Il
Arsenic (V)
Benzene
Cadmium
Chromium
Copper
Ethylbenzene
Lead
Manganese
Mercury
Nickel
Napthalene
Toluene
Xylene

Zinc

TRH C6-C40

0.055
0.9
0.024
0.013
0.95
0.0002
0.001
0.0014
0.08
0.0034
1.9
0.00008
0.011
0.016
0.18
0.035
0.008
10
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5 Physical environment

51 Climate

A review of access data available through the Bureau of Meteorology (BOM) — Monthly Statistics: Climate
Data Online (http://www.bom.gov.au/climate/data/) indicates that the nearest BOM weather station with
sufficient coverage of rainfall data is located in Bankstown, (Bankstown Airport AWS) NSW approximately
3km from the overall proposal area.

The local rainfall values for the local area have been calculated from the long-term record (1968-2020). Key
rainfall statistics for each calendar month over this period is summarised in Table 5-1 and presented in
Figure 5-1 alongside monthly evaporation totals.

Table 5-1 Monthly Rainfall Statistics — Milperra Bridge (Georges River) (1968 - 2020)

Statistic Jan Feb Apr May Jun Jul Aug | Sep Oct Nov Dec | Annual | Annual
median total

Average = 93.0  107.5 1006 824  63.6 @ 79.6 | 443 496 | 444 603 | 754 | 672 67.2 866.4

Median 746 770 821 538 545 554 312 248 348 400 678 553 54.9 885.8

10%ile 25.2 21.0 25.8 9.5 9.8 155 3.6 4.9 6.4 9.4 19.6 14.4 121 568.2
90%ile 189.2 | 226.0 208.2 204.7 1347 1747 97.6 1275 93.2 156.8 136.9 123.2 146.9 1153.8

Figure 5-1 Range of total monthly rainfall and evaporation (1969-2019)

Figure note: Data taken from years with total datasets. Whiskers show 10" and 90" percentiles. Boxes depict median values, upper
and lower quartiles. Trend lines reflect monthly averages.

Correlation of the available rainfall data has shown that there is generally a seasonal cyclic variation in total
monthly rainfall amounts, which is skewed towards the Summer and Autumn seasons. The data shows
general evidence of ‘wetter’ (November to June) and ‘drier’ (July to October) periods through comparison of
monthly and annual medians. It is noted that there is a high variance in total monthly rainfall between
October and June correlating with a greater annual variability for these months.

Evaporation shows a strong seasonal trend and low variability, with highest evaporation rates in December
and January and lowest evaporation rates in June and July. Evaporation data also shows that median
monthly evaporation exceeds the median rainfall throughout the year, with December and January having
the highest evaporation rates of the year and greatest departure from total rainfall.

Maximum and minimum monthly temperatures are presented in Figure 5-2. Analysis of all the climate
records indicate a temperate climate with warm to hot summers (average maximum temperatures around
29°C) and cooler winter periods with average maximum temperatures below 20°C and minimum
temperatures averaging around 6°C.
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January  February March April May June July August  September October November December

Figure 5-2  Monthly maximum and minimum temperature ranges for Bankstown Airport AWS (1969-2019
excluding 1994 due to low data record)

Topography within the proposal area and surrounding suburbs is presented in Figure 5-3.

The overall proposal area sits within a natural low point in the region, at the base of the valley associated
with the Georges River. The proposal area itself is roughly 0 m AHD to 8 m AHD in elevation and is relatively
flat and consistent across the study area. The average height for the largest stretch of road within the
proposal is 5 m AHD with Georges River at 0 m AHD. The eastern side of the overall proposal area has a
high elevation that the western side with the general local topography sloping westward towards the base of
the Georges River Valley.

Generally, elevation increases to the south and north of the overall proposal, with the higher elevated
suburbs of Villawood and Voyager Point above the river valley. A more gradual increase in elevation is seen
to the west of proposal area following Cabramatta and Maxwells Creeks.

The overall proposal area is currently a two-lane roadway with additional turning lanes at the major
intersections of Milperra Road/Newbridge Road and at Tower Road. Additional traffic lanes expanding the
road to four lanes total are present between Tower Road and the intersection with Milperra/Newbridge roads
and extend south to just north of Auld Avenue. Overhead traffic lights and signage structures are present at
the main intersection and leading up to it in each direction. A dual lane bridge spans the George’s River
tributary between Auld Avenue and Keys Parade. A shared walking and bicycle path runs along the banks of
the Georges River.

The overall proposal area is largely covered with constructed roadways and associated ground cover.
Topsoil consisted of mostly vegetated land (grass covering) with patches or bare earth. Some roadside
vegetation is noted, however is largely confined to the western side of the roadway where the walking and
bicycle path runs.

Two constructed golf courses are present in the north off Tower Road (closest point 5m from proposal area),
and south east off Milperra Road (approximately 100m from proposal area) and a bushland area between
the proposal and the golf club. An off-leash dog area is located to the west of the proposal near the Auld
Avenue intersection (approximately 370 m). Other surrounding land uses include a number of petrol stations
adjacent to the proposal (7-Eleven, located 10m east off Henry Lawson Drive, Shell located 200 m West of
the proposal off Newbridge Road) and commercial retail strip along Henry Lawson Drive north of the Milperra
Road intersection (10m east of Henry Lawson Drive), and some residential housing directly adjacent to
Henry Lawson Drive south of Newbridge Road.
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Figure 5-3  Topography
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Current land use of the EIS proposal areas include coastal wetlands that are zoned as public recreation
zoning and infrastructure (roadway). EIS proposal area 1 is within the riparian vegetation zone adjacent to
the Georges River and comprises part of an existing public pathway for active transport. EIS proposal area 2
is vegetated Crown land adjacent to Milperra Road and EIS proposal area 3 forms part of a private
residential property.

54.1 Regional surface water environment

The overall proposal is located within the Georges River catchment which drains a 930km?, including parts of
14 local government areas, and covers a significant portion of the Greater Metropolitan Region (Department
of Planning, Industry and Environment, 2018). The Georges River itself extending approximately 60km
south-west of Sydney. The waters of the Georges River catchment, having come together from such
widespread sources as Wollongong and Wollondilly in the south and Blacktown in the north, ultimately flows
eastwards into Botany Bay.

The Georges River catchment is one of Australia's most urbanised and developed catchments and this has
led to poor health throughout most of the catchment. Land use within the catchment varies, and includes
residential, industrial, agricultural, mining and Defence activities, and protected areas such as drinking water
catchments and conservation areas.

54.2 Drainage features

The overall proposal follows an established roadway within a low-lying and generally flat floodplain of the
Georges River. The proposal alignment itself is located within the High risk flood zone a relatively flat and
poorly drained area, with the majority of overland flow expected to pool in the lower lying areas of the
roadway, before draining to the Georges River to the west (Bewsher Consulting 2004, BMT WBM 2017)
(refer Figure 5-5).

Based on an inspection undertaken by Aurecon on 28 September 2020, a storm water culvert was observed
on the embankment of the Georges River at the northern side of the study area (forming part of the REF
proposal area and the EIS proposal area 1). This was flowing east to west from the Georges River Golf
Course, under Henry Lawson Drive and into Georges River. The flow from this drain is assumed to be
ephemeral as a result of storm waters collected within the Bankstown Golf Course. These drains are
expected to impact surficial flow towards the Georges River, and may provide a preferential pathway for
subsurface, shallow water.

Photos from the proposal area inspection showing these drainage channels are included in Appendix B. Dial
Before You Dig Plans from council records and plans showing drainage and other underground utilities are
provided in Appendix C.

Further drainage features included; a large artificial culvert and drainage line located in the north, which was
flowing under Henry Lawson Drive west towards Georges River, another drainage line is running north east
to south west adjacent to Henry Lawson Drive and the Georges River Golf Course refer (refer Figure 5-5). At
the time of inspection, surface water ponding was observed.

There is a culvert and artificial drainage line in the east, which flows ephemerally from the Bankstown Airport
towards Milperra Road and Bankstown Golf Course, and a large drainage line carrying stormwater running
north to south along Henry Lawson Drive was observed (refer Figure 5-5). The culvert, which passes under
Milperra Road, is within the REF proposal area and the EIS proposal area 2.

EIS proposal areas 1 and 2 have Strahler order 1 stream flowing from the existing culverts under the
roadways, in both cases the culverts are upstream of the coastal wetlands.

Project number 510003 File HLDS1A_Groundwater Impact Assesment, 2021-05-21 Revision 3 @ 17



5.4.3 Surface water flows and flooding

The Georges River is perennial and tidally influenced at the point adjacent to the proposal and flows south
under estuarine/tidal conditions. Recent water level data from Milperra 2 (ID 213405B) station (DPIE 2020)
are presented in Figure 5-4, showing the diurnal oscillations in water levels in response to tides, and the tidal
range (m AHD).

Figure 5-4  Water level from Milperra 2 (14 January to 20 January 2021) (Station ID 213405B)

The floodplain area, including the proposal alignment, is noted to have severe flooding occur, including a
large flood event in February 2020 (Georges Riverkeeper 2020). Past floods have been recorded irregularly;
however recent records show that flooding frequency has increased since the urbanisation of the
Milperra/Liverpool region.

Significant flooding occurred in April 1988 and reported a peak height of 4.90 m (Maddocks, 2001). 1 in 100-
year floods were reported in the region in 1897 and 1900 where peak heights of around 8-9 m AHD were
reported (Bewsher Consulting 2004, BMT WBM 2017).

Overland runoff is expected to flow into the floodplain from areas of higher elevation, namely the north and
south of the proposal alignment .The proposal area is noted to have poor drainage as it sits within the flood
plain for the Georges River, and can become inundated from overland runoff downwards to the proposal
area, and from river flooding at times of high rainfall (Bewsher Consulting 2004, BMT WBM 2017).

Flood risk mapping presented in Figure 5-5 is the flood risk presented in Georges River floodplain risk
management plan. The EIS and the REF proposal areas exist within the high flood risk area. This is defined
as land below the 100 year flood that is either subject to a high hydraulic hazard (ie provisional high hazard
in accordance with the criteria outlined in the Floodplain Management Manual) or where there are significant
evacuation difficulties. Due to its location, the proposal areas are subject to high hydraulic hazard.

Detailed analysis of hydrology and flooding as a result of the overall proposal has been assessed in Henry
Lawson Drive Upgrade — Stage 1A Flood Assessment Report (Lyall & Associates, 2021).
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Figure 5-5 Drainage features
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The EIS proposal areas contains several areas of identified coastal wetlands, and the REF proposal area
passes through the coastal wetland proximity area under the State Environmental Planning Policy (Coastal
Management). There are no coastal wetlands within the REF proposal area. Coastal wetlands were identified
in the north west along the Georges River (EIS proposal area 1) and south east along smaller tributaries (EIS
proposal areas 2 and 3). In general, coastal wetlands are identifiable based on the dominance of six key
vegetation types:

Mangroves

Salt marshes

Melaleuca forests

Casuarina forests

Sedgelands

Brackish and freshwater swamps
Wet meadows

Wetlands along the proposal alignment are displayed in Figure 5-6 and further details on the groundwater
dependent ecosystems (including vegetation communities) within the overall proposal area are discussed in
the following section.

55.1 Groundwater dependent ecosystems

GDEs rely on groundwater for some or all of their water requirements. Six types of Groundwater Dependent
Ecosystems have been identified in Australia:

Terrestrial vegetation that relies on the availability of shallow groundwater
Wetlands such as paperbark swamp forests and mound springs

River baseflow systems where groundwater discharge, provides significant baseflow component to the
river

Aquifer and cave ecosystems where life exists independent of sunlight

Terrestrial fauna, both native and introduced species, that rely on groundwater as a source of drinking
water

Estuarine and near-shore marine systems, such as coastal mangroves, salt marshes and seagrass beds,
which rely on the submarine discharge of groundwater

A search of the BOM Groundwater Dependent Ecosystem Atlas found that a number of GDEs are present
within the study area.

The search identified high potential aquatic GDEs within the study area. A high potential for terrestrial GDEs
was also noted within the study area, particularly to the south of the Milperra Road intersection, and west of
Keys Parade within the parkland areas abutting the Georges River. Areas of subterranean GDEs were not
mapped within the study area.

It is considered likely that coastal wetlands along the riparian zone of the Georges River (EIS proposal
area 1) comprise (in part) aquatic GDEs. Coastal wetlands are intersected by the proposal along Milperra
Road and along Henry Lawson Drive north of Newbridge Road , and would be disturbed as part of site
activities (refer Figure 1-1).

GDEs occurring in the study area are displayed in Figure 5-6. It is assumed that general direction of
groundwater flow is towards the Georges River. The aquatic GDEs and a small section of moderate potential
GDE are hydraulically downstream of the proposal.
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Figure 5-6  Groundwater Dependant Ecosystems and Coastal Wetlands
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The Biodiversity Development Assessment Report (WSP, 2021), undertaken for the EIS proposal identified
the following vegetation communities that are considered GDEs in the proposal areas:

Cumberland River-flat Forest

Cumberland Swamp Oak Riparian Forest
Coastal Freshwater Lagoon

Coastal Swamp Paperbark — Swamp Oak Scrub
Estuarine Swamp Forest

River Mangrove

5.6.1 Soil types

The overall proposal area is within the Soil Landscapes of the Penrith 1:100,000 Sheet (1984) and are
shown in Figure 5-7.

The overall proposal area is underlain with yellow podzolic soils along the western boundary of the study
area. Soils are characterised as poorly drained coarse loamy sands ranging from very dark greyish brown to
a greyish yellow brown colour to medium clays appearing yellowish brown with a grey mottling.

5.6.2 Acid sulfate soils

Acid sulfate soils (ASS) are natural sediments that contain iron sulphides, formed from the process of sulfate
reduction that often naturally occur in lakes, rivers, wetlands and oceans. ASS are most commonly found in
coastal and estuarine wetlands, however, can also occur inland in waterways, wetlands and drainage
channels. ASS develop in waterlogged, saline and anaerobic conditions. ASS are benign when left
undisturbed in a waterlogged environment. When ASS are exposed to air, the iron sulphides react with
atmospheric oxygen and water to produce sulphuric acid. Exposure to air occurs in response to a reduction
in water levels within the hydromorphic zone of soils (eg during droughts and dredging operations).

The production of sulphuric acid can cause major cations and anions (such as Na*, Mg?*, Ca?*, Cl,, SO4?),
trace elements and metal ions (including Fe3* and Al®*) to be released and become mobile.

Inland ASS risk is determined by presence of waterways, wetlands and drainage channels and dryland
salinity. The alignment is considered high risk for inland ASS, given the presence of extensive floodplain
soils and proximity to major waterway channels and wetlands.

A review of the eSPADE and the Department of Planning and Environment ASS Risk Map indicates that the
REF proposal area is located within a high probability 2 - 4 m below ground surface and areas of high
probability >4 m below ground surface. EIS proposal area 1 is located within a high probability 2 - 4 m below
ground surface, with EIS proposal area 2 located on areas of high probability >4 m below ground surface.
EIS proposal area 3 has a low risk of encountering ASS. Much of the area near Bankstown Airport is
disturbed terrain and does not fall within a classification for ASS risks. A map of the ASS risks within the
proposal area is presented in Figure 5-8.A review of the Henry Lawson Drive Upgrade Stage 1A and Stage
1B Strategic Geotechnical Factual Report concludes that laboratory results from that assessment are
consistent with PASS and ASS in the area.

Refer to the PSI prepared for the overall proposal for further discussion of ASS.
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5.6.3 Salinity hazard

Salinity refers to the movement and concentration of salt in soil and natural waters. Saline soils are generally
rich in chlorides, sulfates or carbonates. Sources of salt include retreating seas, rain, wind and rocks. In
cases of retreating seas, where areas were historically covered by an inland sea and underwent evaporation,
large quantities of salt remained in the sediment resulting in saline soils. Ocean salt is carried by strong
winds, which fall in rain and are absorbed into soils and sediments. Salts are present within rocks which can
be released into sediments through weathering, where the action of rainwater, temperature and biological
activity break down and dissolve rocks. Soil salinity affects the structure, water movement, microbial and
plant diversity of soils.

A review of information available through eSPADE indicates the overall proposal area is generally located in
an area of medium land salinity (eSpade Mapping).

The overall proposal is located in the Parramatta/Georges River Hydrogeological Landscape, discussed
further in Section 5.8, as a result of being located next to the Georges River (eSpade 2020).

Across the majority of the REF proposal area, EIS proposal area 1 and part of EIS proposal area 3, land
salinity is high. This is because of the tidal influence on extensive floodplains and alluvial plains with some
ponding along the Georges River, and the periodic wetting and drying of the alluvial floodplain sediments
which allows for cycling of the salts. The remainder of the REF proposal area and EIS proposal area 2,
salinity risk is moderate. Salt export across the overall proposal area is high. Waterlogging and the constant
flux of water draining through the hydrogeological landscapes (HGL) carry dissolved salts from the
sediments. The impact of sulfate soils adds to salt load (eSpade 2020).

A review of the Henry Lawson Drive Upgrade Stage 1A and Stage 1B Strategic Geotechnical Factual Report
concludes that laboratory results from that assessment are consistent with high salinity identified via
eSPADE in the area.

Therefore, salt hazard is high due to the high likelihood of occurrence and severe potential impact in the
areas closest to the Georges River (western side of proposal) (refer Figure 5-9).

5.6.4 Hydrologic soil groups and permeability

Most of the west and southern areas of the REF proposal area (and all of EIS proposal area 1) have been

classified as hydrologic group C soils. Hydrologic group C soils have slow infiltration rates when thoroughly
wetted and consisting chiefly of soils with a layer that impedes downward movement of water, or soils with

moderately fine to fine texture.

Group C soils have a slow rate of water transmission, with a saturated hydraulic conductivity of 0.000001 m/s
to 0.00001 m/s in their least transmissive layer where a water impermeable layer exists between 50 and

100 cm, and a saturated hydraulic conductivity between 4x10-7 m/s and 4x10-6 m/s in their least
transmissive layer where the waster impermeable layer is deeper than 100cm. This reports as soils with
‘slow infiltration’ rates. Permeability for the soil profile is expected to be quite low due in the southern portion
of the alignment.

Soils around the Bankstown Airport in the eastern portion (including part of the REF proposal area and all of
EIS proposal areas 2 and 3) are considered disturbed and any natural hydrologic properties have not been
assessed.

Hydrologic soil groups along the proposal alignment are shown in Figure 5-10.
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Figure 5-7  Soil landscapes
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Figure 5-8  Acid Sulfate Soil risks
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Figure 5-9  Salinity
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Figure 5-10 Hydrologic groups of soils
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5.7 Geology

5.7.1 The Penrith 1:100 000 Geological Sheet

The Penrith 1:100 000 Geological Sheet shows the overall proposal area is underlain by an alluvium, gravel,
sand, silt and clay. Sandstone and shale with some sandstone beds are also mapped east of the study area
and west over the Georges River.

5.7.2 Seamless and coastal quaternary geology maps

The Penrith 1:100 000 Quaternary Geology (Clark and Jones, 1991) map shows the proposal area is
underlain by a number of undifferentiated lithologies. These are illustrated below in Figure 5-11. The
following units were noted in proximity to the proposal alignment:

= Quartz sand, silty sand, silt and clay
= Clayey quartzose sand and clay

= Dark grey to black claystone-siltstone and fine sandstone-siltstone laminate from the Wianammatta
Group

= Medium grained sand, clay, silt
A summary of geological units across the overall proposal area is presented in Table 5-2.
Table 5-2 Geological units

Quaternary | Alluvial floodplain deposits = REF proposal area Silt, very fine- to medium-grained
deposits EIS proposal area 2 lithic to quartz-rich sand, clay.

EIS proposal area 3

Alluvium REF proposal area Unconsolidated alluvial clay, silt,
EIS proposal area 3 sand, and gravel deposits.
Alluvial channel deposits - | Adjacent to the REF proposal Fluvially deposited sand, gravel, silt,
subaqueous area (Georges River) clay.
Alluvial levee/overbank REF proposal area Fluvially deposited fine- to medium-
deposits EIS proposal area 1 grained lithic to quartz-rich sand, silt,
clay.

The overall proposal area is underlain with Holocene aged alluvial sedimentary deposits, largely consisting of
a mix of silts, sands and clays from floodplain and swamp environments. Alluvial floodplain deposits of quartz
rich sands and clays dominate the southern portion of the proposal alignment.

Unconsolidated alluvial clays, silts, sands and gravels are dominant in the northern portion of the proposal
alignment and join with alluvial levee and overbank deposits along the Georges River to the north west of the
proposal area. The Georges River itself on the western boundary of the overall proposal area consists of
alluvial channel deposits of sand, gravel, silts and clays.

No structural features (dykes or veins) are mapped across the overall proposal area.
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Figure 5-11 Geology
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The western portion of the overall proposal area where the roadway is parallel to the Georges River falls
within the Parramatta/Georges River hydrogeological landscape (HGL). The northern, eastern and southern
portions of the study area further from the river are within the Moorebank hydrogeological landscape. These
HGLs are represented in Figure 5-12. Technical reports and details of each hydrogeological landscape are
presented in Appendix C.

The Parramatta/Georges River landscape (across the REF proposal area, EIS proposal area 1 and part EIS
proposal area 3) are characterised by low lying Quaternary and Tertiary alluvial floodplains of the Georges
River and areas of reclaimed land around the river. This landscape is heavily influenced by acid sulfate soils
and has generally a higher than average salinity, primarily due to cyclic flows with estuarine and acid sulfate
influences. Flow is generally unconfined through the alluvial soils into the Georges River; hence groundwater
flow direction is expected to the west. Surface water runoff is also expected in this direction towards the river,
due to the flat nature of the proposal area and increasing elevation away from the river.

The Moorebank hydrogeological landscape (across the REF proposal area, EIS proposal area 2 and part
EIS proposal area 3) present in the north, east and south of the proposal alignment is characterised by
moderate salinity shale layers that cyclically flush salts into the lower lying Parramatta/Georges River
hydrogeological landscape. The Moorebank landscape is distinguished by its terminal-like ponding of the
river with minimal acid sulfate influences.

The Moorebank hydrogeological landscape differs from other hydrogeological areas within the Sydney region
due to its very flat and low-lying alluvial plains and ponding in the river bend areas. Ponding and slow
drainage is particularly notable in the Chipping Norton area, to the north west of the proposal alignment. This
area is dominated by Tertiary alluvium which is distinguishable from the Parramatta/Georges River HGL by a
lower salinity signature and less influence from acid sulfate soils.

5.8.1 Groundwater levels and flow paths

Groundwater levels throughout the overall proposal area are expected to be shallow due to the location on
alluvium and the close proximity of the Georges River, between 0 to 8 m below the surface, varying
seasonally (higher in winter, lower in summer). A review of groundwater bores in the area reported
groundwater levels near the proposal area of between 4.6 to 5.0 m below ground level (m bgl).

In the Geotechnical Factual Report 2019 for the Henry Lawson Drive Upgrade Stage 1A and Stage 1B
Strategic, a series of Test Pits, Pavement Cores and a Single Borehole were excavated. The borehole
located approximately 100m south east of the EIS proposal area 3, intersected groundwater at a depth of
2.8 m bgl. The five pavement cores within the overall proposal area drilled to a depth of 2 m bgl did not
intercept groundwater, these measurements were taken in February and March when groundwater levels are
lower. A summary of registered bores in the area are presented in Table 5-5 give groundwater depths
ranging between 3.6 m and 5 m bgl. This is still consistent with shallow groundwater levels between 0 to 8m.

Groundwater flow through the alluvial sediments is anticipated to be towards the Georges River. Elevation
data indicates that the Georges River forms a local groundwater discharge point (gaining conditions). This
preliminary indication would need to be confirmed through groundwater monitoring and baseflow analysis of
the Georges River within and around the proposal.

Three stormwater drains are present beneath Henry Lawson Drive (near to EIS proposal area 1) and
Milperra Road (EIS proposal area 2) that were identified during an Aurecon proposal area inspection on

28 September 28 2020. Stormwater drains were observed to flow into the Georges River. These drains may
locally alter groundwater flow paths where they intersect groundwater or act as recharge zones for
groundwater as a result of leakage or discharge.

Based on cross sections from the Moorebank HGL report (refer Appendix C), groundwater flow generally
occurs horizontally nearer the surface (particularly toward salt sites) and through unconsolidated sediments
in both the unsaturated (as interflow) and saturated zone (as baseflow). Flow paths in the
Parramatta/Georges River HGL are simpler, with groundwater expected to flow vertically downward through
unconsolidated sediments down to the Wianammatta Group below, before flowing laterally within the
saturated zone.
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Figure 5-12 Hydrogeological landscapes
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5.8.2 Aquifer chemistry and groundwater quality

Groundwater quality and chemistry for both hydrogeological landscapes are summarised in Table 5-3.

Table 5-3 Aquifer Chemistry and Groundwater Quality for the Parramatta/Georges River and Moorebank

HGLs
tem  PamamatalGeorgesRiverHGL  MoorebankHGL
Groundwater Quality Brackish to saline Fresh to marginal (more saline in deeper aquifers in
the Wianammatta Group shales)
Groundwater Salinity | 1.6 - >4.8 dS/m <0.8-1.6 dS/m
Electrical Conductivity = High Low
Salt Mobility High Moderate

The available information indicates that groundwater within the Moorebank HGL may be fresh to marginal,
while groundwaters of the Parramatta/Georges River HGL may be brackish to saline. A review of nearby
groundwater bore data and local studies did not yield any further information for actual aquifer chemistry and
groundwater quality data, specific to the overall proposal area.

5.8.3 Aquifer properties — hydraulic parameters

A summary of aquifers within both the Moorebank and Parramatta/Georges River HGLs is provided in
Table 5-4.

Table 5-4 Summary of HGL aquifer attributes

Aquifer type Unconfined in unconsolidated alluvial Unconfined in unconsolidated alluvial
sediments sediments
Vertical and lateral flow components Unconfined to semi-confined in fractured
Local perching above clay-rich layers rock along structures
(seasonal) Local perching above clay-rich layers

(seasonal)

Conductivity 102 —-10 m/day 10-30 m/day

Transmissivity Moderate to high: 10-100 m?/day Moderate: 2—-100 m?/day

Specific Yield 10-20% 5-15%

Hydraulic Gradient Gentle: <10% Gentle to moderate: <10-30%

Depth to Water Table = Shallow to intermediate (seasonal): 0-8 m Shallow to intermediate (seasonal): 0-8 m

Recharge Estimate High Moderate to high

Residence Time Short to medium (months to years) Short to medium (months to years)

The available information indicates that aquifers within both the Moorebank HGL and Parramatta/Georges
River HGL are generally unconfined to semi-confined with local perching above clay-rich layers. The
hydraulic conductivity ranges from 0.01 to 10 m/day in the Parramatta/Georges River HGL, and from 10 to
30 m/day in the Moorebank HGL.

Overall, the available information indicates that groundwater may have a tendency to perch within the
unconsolidated sediments, with seasonal variations in groundwater levels, and moderate to high discharge
rates within aquifers.

5.8.4 Aquifers and aquifer vulnerability

As noted in Section 5.8, the proposal area is noted to include two different hydrogeological landscapes. The
Parramatta/Georges River landscape (western section) is characterised by unconsolidated Quaternary aged
sedimentary fine-grained sands, silts and clays.
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Aquifers within the landscape are typically unconfined and unconsolidated, with perched water above the
clay-rich layers, which are expected to act as an aquitard.

Aquifers are considered to have a high vulnerability due to their unconfined nature and moderate to high
permeability.

5.8.5 Registered groundwater bores and groundwater levels

A search of the BOM Groundwater Explorer and NSW Water databases indicate that there are nine bores
within 1 km of the Milperra Road and Henry Lawson Drive intersection and one more from the HDL
Geotechnical Factual Report 2019. A summary of these bores is provided in Table 5-5 and presented on
Figure 5-13. Data from these bores did not contain any information regarding salinity or chemistry.

Table 5-5 Groundwater bores within 1 km of the proposal alignment

GW047864.1.1 Other Functional -33.9184 | 150.9765 200 m south east
GW108838.1.1 240 Monitoring Functional -33.9365 | 150.9862 200 m south east
GW112549.1.1 6.5 4.6 Monitoring Functional -33.9276 | 150.9806 10 m east
GW112548.1.1 7 4.6 Monitoring Functional -33.9274  150.9804 10 m east
GW112547.1.1 8 4.8 Monitoring Functional -33.9275 | 150.9805 10 m east
GW106700.1.1 16 Other Unknown -33.9184 150.9772 20 m east
GW110200.1.1 8 5 Monitoring Unknown -33.9273 | 150.9806 10 m east
GW023146.1.1 5.4 3.6 Water Supply = Unknown -33.9256 = 150.9764 20 m east
GW024357.1.1 3 Irrigation Unknown -33.9362 | 150.9742 80 m south west
5.9 Groundwater contamination

Nearby land use activities and previous investigations undertaken in and around the overall proposal area
were reviewed to better assess the site conditions as part of the groundwater assessment. Further
information on existing contamination sources within the REF proposal area and the EIS proposal areas are
discussed in the PSI.

59.1 PFAS

Bankstown Airport which lies 80 m east of the proposal area is currently under investigation by the NSW
EPA following the detection for PFAS in groundwater, surface water and soils. The source of PFAS
contamination is likely from the historical use of aqueous film forming foam for firefighting purposes. Given
the persistence of PFASs in the environment, soils and groundwater within both the REF and EIS proposal
areas may be PFAS impacted. Refer to Section 3.3 of the PSI for further investigation.

5.9.2 Hydrocarbons, volatile organic compounds, and heavy metals

Surrounding land uses include a number of service stations adjacent to the proposal (7-Eleven, located 10 m
east off Henry Lawson Drive, Shell located 200m west of the proposal off Newbridge Road). There is
potential for hydrocarbon, volatile organic compound, and heavy metal contamination to be present within
groundwater within and around these operational service stations. There are four registered contaminated
sites within one kilometre of the overall proposal area, the closest being the 7-Eleven service station
mentioned above and the former landfill site (now the Flower Power Garden Centre).
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Figure 5-13 Boreholes
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The former landfill located at 479 Henry Lawson Drive may present a moderate risk given its proximity to the
REF proposal area and EIS proposal area 3. Given the former and current site use a wide variety of
contaminants and chemicals including but not limited to heavy metals, gas (eg carbon dioxide and methane),
petroleum hydrocarbons, polycyclic aromatic hydrocarbons, volatile organic compounds and nutrients may
be present. The other two listed sites are not considered to pose a risk to the proposal given their distance
(>500 m away) and construction is not likely to interact with the groundwater table near to these locations.
Refer to Section 3.1 of the PSI for further information.

5.9.3 Pesticides and herbicides

Two constructed golf courses are present in and adjacent to the REF proposal area (and EIS proposal

area 2); one to the north off Tower Road (closest point 5m from the REF proposal area), and the other south
east off Milperra Road (closest point 50m from REF proposal area and EIS proposal area 2). There is
potential for contamination of groundwater as a result of potential use of pesticides and herbicides in
maintenance of the golf course.
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6 Potential impacts

An impact rating is used in this groundwater impact assessment, the level of impact is described as very low,
low, medium or high, ratings are made on impact severity and/or probability of occurrence. The definitions
are listed below:

Very Low/Minimal: Potential adverse impact could result in a minimal decline in the resource in the study
area during the life of the proposal. Probability of event occurring may be not anticipated.

Low: Potential adverse impact could result in a slight decline in the resource/quality of a resource in the
study area during the life of the proposal. Probability of event occurring may be unlikely. Research,
monitoring, and/or recovery initiatives would not normally be required.

Moderate: Potential adverse impact could result in a decline in the resource resource/quality of a
resource to lower-than-baseline/worse-than-baseline but stable levels in the study area after proposal
closure and into the foreseeable future. Probability of event occurring may be probable/possible. Regional
management actions such as research, monitoring and/or recovery initiatives may be required.

High: Potential adverse impact could threaten sustainability of the resource/quality of a resource and
should be considered a management concern. Probability of event occurring may be likely. Avoidance of
this impact through mitigation strategies is recommended. Research, monitoring and/or recovery
initiatives should be considered.

6.2.1 Construction activities for the REF proposal

Construction activities within the REF proposal area are anticipated to have minor excavation activities.
Ground clearing and levelling activities will be minimal due to the flat topography of the proposal area and
incorporation of existing levelled road shoulders. It is anticipated that only around 184 cubic metres of soil
would be excavated as part of the REF proposal.

Some site levelling and cut and fill is to be employed at the Tower Road intersection to level the proposal
area in line with the design specifications for the road. Piling works using a bored cast in-situ method to
support the upgrade and duplication of the Auld Avenue bridge are anticipated, with an anticipated depth of
about 30 m. Groundwater interception during piling work is expected.

Excavation of drainage and underground utility trenches and channels and foundations for overhead
infrastructure is also anticipated, however the design of these and the construction methodology has not
been undertaken at the time of writing this report. These are largely expected to reach only shallow depths,
however with the groundwater table in the area being generally between 2.5 to 5 m below the surface (based
on available data), groundwater interception is likely.

6.2.2 Construction activities for the EIS proposal

Construction activities within the EIS proposal areas are anticipated to have moderate excavation activities
and earthworks. Ground clearing and levelling activities will be minimal due to the flat topography of the
proposal area and incorporation of existing levelled road shoulders. It is anticipated that only around

0.9 cubic metres of soil would be excavated as part of the EIS proposal.

Extension of existing stormwater culverts and installation of stormwater culverts, which requires ground
clearing and excavation would be located in EIS proposal areas 1 and 2. Additional fill material is required for
fill embankments which are located in in the EIS proposal areas. This includes the installation of hardstand
surfaces such as paths and roadways and embankments to support the road formation, which could affect
groundwater recharge and flow.
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6.2.3 Impact assessment for construction impacts

The impacts assessment is separated into three categories. Impacts on the REF proposal, direct impacts of
the EIS proposal area and indirect impacts from the REF proposal on the EIS proposal areas. The impact
assessment highlights potential impacts to groundwater resource/quality and groundwater users/receiving
environments from construction stage activities (including permanent works, structures, drainage and road
infrastructure) in consideration of Local Environment Plans, Water Sharing Plans and relevant legislation.

The assessment for construction activities are presented in Table 6-1, Table 6-2 and Table 6-3.

Table 6-1 REF proposal construction impact assessment

Aquifer Low No planned works as part of construction of the REF proposal that would result in
Interference: Flow flow obstruction or interference beyond localised piling at the Auld Avenue bridge.
obstruction/ Localised piling only affects a small special extent and flow interference would be on
interference the scale of 10"*m. As such, potential for aquifer interference is considered to be low
and potential impacts downstream or on other groundwater users would be
negligible.
Aquifer Very low = The WM Act 2000 states that an Aquifer Interference Approval is needed for aquifer
Interference: interference activities (which would include construction dewatering). Approval is
Dewatering required only for significant active dewatering (>3 ML/day) or where GDEs are

potentially impacted. Passive dewatering activities of groundwater ingress into
excavations and bored piles by public authorities do not require any approvals or
permits under the WM Act 2000.

Based on current design information pavement, utility and drainage excavations for
the REF proposal are likely to be shallow (<1.5m — 2m) compared to groundwater
levels generally being 2.8 — 5 mbgl. Therefore, no dewatering is expected. As such,
risk of settlement from over-pumping is expected to be negligible.

Bridge piles (Auld Avenue bridge) may reach depths of approximately 30 mbgl but
are subject to further analysis during detail design. Groundwater ingress into the
bored piles is likely to occur although construction methodologies may be adopted to
minimise groundwater ingress. As such, it is considered unlikely that any significant
groundwater dewatering will be required as part of construction and thus the
potential for aquifer interference is very low and potential impacts on other
groundwater users would be negligible.

There is potential for groundwater levels to rise in response to higher than average
rainfall conditions caused by short-term and long-term climate cycles, leading to
potential saturation of planned excavations and dewatering of excavation sites might
be necessary, this should be monitored throughout construction.

Discharges to Very low | The WM Act 2000 states that an Aquifer Interference Approval is needed for aquifer

groundwater interference activities (which would include controlled discharges to groundwater).
No discharges to groundwater are anticipated as a result of construction activities
for the REF proposal, as all collected stormwater, surface water runoff and
groundwater (from dewatering activities if they should they be required in high
rainfall events) is to be managed under the proposal CEMP, rather than discharged
to groundwater.

No input or inflows to the aquifers onsite is anticipated as a result of construction
works therefore potential impact is considered to be very low.
Acid sulfate soils Moderate = The REF proposal areas are considered to pose a risk of encountering ASS, varying
to high from low risk to high risk (refer Figure 5-8).

If excavation expose ASS which is likely, infiltration and recharge after rain events of
exposed ASS can transport acids into the groundwater.

Drawdown of aquifers/seasonal variability of groundwater levels have been known
to oxidise PASS which creates ASS causing impacts on groundwater quality. This
level of aquifer interference is not proposed or required as part of the REF proposal.

Without suitable management measures, disturbance of acid sulfate soils is
considered to present a moderate to high potential impact to groundwater.
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Salinity

Contamination

Impact to
groundwater
users

Very low

Moderate

Moderate
- High

Salts within the Parramatta/Georges River HGL are known to be highly mobile and
pose a severe potential impact to buildings and structures within the proposal area.
There is a high risk of excavated soils being saline, which may cause impacts where
spoil material is exposed to surface waters and rain. However, it is noted that in the
area, groundwater salinity is already high. Runoff from exposed soils could produce
a highly saline waste stream that may have minor impacts should it migrate into the
groundwater through recharge. Due to the minor amount of soil to be excavated
(148m?3), these impacts are considered very low.

The potential for groundwater contamination mobilisation exists where piling works
are proposed. Piling at the Auld Avenue Bridge area has the potential to mobilise
and intersect any contamination that may exist in groundwater within the area.

Potential contamination sources include gas (eg carbon dioxide and methane),
hydrocarbon, volatile organic compound, and heavy metal contamination to be
present within groundwater within and around operational service stations as a
result of leaks, spills and stormwater leakage to groundwater. There is also potential
for PFAS contamination from Bankstown Airport and herbicide/pesticide
contamination from golf courses/historical activities including former landfill sites and
petrol stations.

There are also potential risks to both human health and structures arising from
vapour intrusion into excavations from hydrocarbon contaminated soils and
groundwater during excavation works.

Further risk of contamination to groundwater may occur as a result of on-site leaks,
accidental spills of fuels and in appropriate storage of chemicals. Key risks to
groundwater quality will include contamination from oils and grease, lead, zinc,
copper, cadmium from vehicles, and nitrogen and phosphorous from atmospheric
deposition during construction works.

The potential impacts from groundwater contamination are considered to be
moderate.

There are nine registered bores within 1 km of the Proposal Area. The majority of
these are monitoring bores.

The risk of aquifer interference and discharges to groundwater is deemed to be
‘Very Low — Low’. As such the water table should not be affected by this Proposal
and the risk of changes to water availability to groundwater users is therefore also
deemed to be very low — low.

The risks of ASS and contamination to groundwater are deemed to be ‘Moderate —
High'. As such taking a conservative approach, the risk of the quality of water
becoming unsuitable for groundwater users is also deemed to be moderate — high.

Table 6-2 EIS proposal construction impact assessment

Groundwater
dependent
ecosystems and
coastal wetlands

Very high

Excavations

Shallow excavations within the topsoil and fill materials for embankments and a
shared path in EIS proposal area 1; and drainage structures constructed under and
from the roadway in EIS proposal area 1 and 2 are not expected to intersect
groundwater due to the shallow nature of expected excavations. EIS proposal area
3 will be used as a temporary ancillary site during construction and only minor
ground improvements would be undertaken to stabilise surfaces for construction
vehicles entering and exiting. Excavations and drainage outlet construction in EIS
proposal area 1 would intersect coastal wetlands along the riparian zone of the
Georges River. Construction of drainage outlets in EIS proposal area 2 would
impact on coastal wetlands along Milperra Drain. The coastal wetlands and
associated vegetation communities form aquatic GDEs within the EIS boundaries.
Within the EIS boundaries, the potential impacts from excavations on aquatic GDEs
are considered to be very high as a result of direct loss of habitat caused by
excavation and disturbance.
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Acid Sulfate Soils = Moderate = The EIS proposal areas are considered to pose a risk of encountering ASS as
to high follows: EIS proposal area 1 is considered high risk; EIS proposal area 2 is
considered low risk; and EIS proposal area 3 has both high risk and low risk ratings
(refer Figure 5-8).

If excavations expose ASS which is likely during excavation, infiltration and
recharge after rain events of exposed ASS can transport acids (low pH runoff) into
the groundwater and to areas of GDE habitat. Leaching of acid from soils would
potentially impact the health of GDEs from low pH water or from some existing soil
toxicants becoming mobilised as a result of low pH conditions.

Drawdown of aquifers/seasonal variability of groundwater levels have been known
to oxidise PASS which creates ASS causing impacts on groundwater quality. This
level of aquifer interference is not proposed and not required for the construction of
the EIS proposal or the overall proposal.

Without suitable management measures, acid sulfate soils are considered to
present a moderate to high potential impact to groundwater water and indirectly
impact on the health of GDEs.

Salinity Very low Salts within the Parramatta/Georges River HGL are known to be highly mobile and
pose a severe potential impact to buildings and structures within the EIS proposal
area. There is a high risk of excavated soils being saline, which may cause impacts
where spoil material is exposed to surface waters and rain. However, it is noted
that in the EIS proposal areas, groundwater salinity is already high. Runoff from
these exposed soils could produce a highly saline waste stream that may have
minor impacts should it migrate into the groundwater through recharge or to GDEs.
Given the groundwater salinity is high and due to the minor amount of soil to be
excavated (0.9 m®), these impacts are considered very low.

Contamination Moderate = The potential for groundwater contamination mobilisation exists where excavation
will occur. This is highly likely in EIS proposal areas 1 and 2. Some minor surface
stabilisation would occur in EIS proposal area 3.

Potential contamination sources include gas (eg carbon dioxide and methane),
hydrocarbon, volatile organic compound, and heavy metal contamination to be
present within groundwater within and around operational service stations as a
result of leaks, spills and stormwater leakage to groundwater. These sources are
relevant to EIS proposal area 1. There is also potential for PFAS contamination
from Bankstown Airport for EIS proposal areas 1 and 2 that occur nearest to the
aerodrome. The potential for leaching of wastes from a former landfill site is most
relevant to EIS proposal area 3 which occurs north of the former landfill site.
Herbicide/pesticide contamination from golf courses and historical activities are
relevant to all EIS proposal areas.

If dewatering of excavations is required for the EIS proposal, the removal of
groundwater from excavations may pose a potential risk to construction workers
and the environment without adequate management. There are also potential risks
to both human health and structures arising from vapour intrusion into excavations
and groundwater from potential hydrocarbon contaminated soils in EIS proposal
area 1.

Further risk of contamination to groundwater may occur as a result of on-site leaks,
accidental spills of fuels and inappropriate storage of chemicals during
construction. Key risks to groundwater quality will include contamination from oils
and grease, lead, zinc, copper, cadmium from vehicles, and nitrogen and
phosphorous from atmospheric deposition during construction works.

The potential impacts from groundwater contamination are considered to be
moderate.

Table 6-3 REF proposal construction impacts on EIS proposal area — indirect impacts

Aquifer Very low No planned works as part of the REF proposal that would result in flow obstruction
Interference: Flow or interference beyond localised piling. Due to the distance from piling areas and
obstruction/ EIS proposal areas, potential for aquifer interference is considered to be very low
interference and potential impacts on other groundwater users would be negligible

Aquifer Very low Legislation requirement for dewatering is identified in Table 6-1. Dewatering is not
Interference: anticipated but if required as part of piling processes or excavation, the distance
Dewatering from piling of the three EIS proposal areas means that the indirect impacts to these

areas are very low.
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Groundwater Low
dependent

ecosystems and

coastal wetlands

Groundwater Very low
dependent

ecosystems and

coastal wetlands

Low
Discharges to Moderate
groundwater

Very low
Impact to Moderate

groundwater uses = - High

Contamination Moderate

Excavations

Due to the small amount of excavation within the REF, the potential impacts to
GDEs and coastal wetlands within the EIS are considered low

Dewatering

Dewatering of the aquifer and lowering of the water table is not proposed as part of
the REF proposal and as such, the potential indirect impact on GDEs from
dewatering is considered to be very low.

Piling

Groundwater interception during piling activities within the REF proposal would
have impacts on groundwater resource and quality that could have indirect impacts
to GDEs. Possible aquifer interference and possible leakage of pollutants from
concrete being poured for bridge piles into groundwater, could subsequently impact

groundwater dependent ecosystems and coastal wetlands nearby and within the
EIS boundaries.

If contaminants are present in soil sediments, piling could cause the mobilisation of
these contaminants.

Due to the limited extent of piling activities and implementation of appropriate
controls, the risk of indirect impacts to groundwater dependent ecosystems and
coastal wetlands from piling is considered to be low.

Discharges to GDEs and coastal wetlands

The REF proposal has the potential to mobilise sediment and leak contaminants
into receiving waterways and areas defined as GDEs within the study area.
Discharges of sediment or contaminated stormwater/leaks and spills into GDEs has
the potential to degrade GDEs through impacts to habitat (burial) and flora/ fauna
(toxic effects). The potential indirect impacts from discharges are considered to be
moderate.

The WM Act 2000 states that an Aquifer Interference Approval is needed for aquifer
interference activities (which would include controlled discharges to groundwater).
No discharges to groundwater are anticipated as a result of construction activities
for the REF or EIS proposal, as all collected stormwater, surface water runoff and
groundwater (from dewatering activities) is to be managed under the proposal
CEMP, rather than discharged to groundwater.

The REF proposal would not result in input or inflows to the aquifers that would
affect the EIS proposal areas. Therefore, potential indirect impacts are considered
to be very low.

The risk of aquifer interference and discharges to groundwater is deemed to be
‘Very Low — Low’. As such the water table should not be affected by this Proposal
and the risk of changes to water availability to groundwater users is therefore also
deemed to be very low — low.

The risks of ASS and contamination to groundwater are deemed to be ‘Moderate —
High’. As such taking a conservative approach, the risk of the quality of water
becoming unsuitable for groundwater users is also deemed to be moderate — high.

There is potential for hydrocarbon, volatile organic compound, and heavy metal
contamination to be present within groundwater within and around operational
service stations as a result of leaks, spills and stormwater leakage to groundwater.
There is also potential for PFAS contamination from Bankstown Airport and
herbicide/pesticide contamination from golf courses/historical activities. The EIS
locations are downstream from these locations and any works within the REF could
cause the migration of contaminants into the EIS proposal areas.

If dewatering is required, the extraction and removal of groundwater during works
may pose a potential risk to construction workers and the environment without
adequate management. There are also potential risks to both human health and
structures arising from vapour intrusion into excavations from hydrocarbon
contaminated soils and groundwater during excavation works. If excavation and
dewatering occurs in areas of the REF close to the EIS proposal areas, this can
have an impact on contamination issues and water levels within the EIS proposals.
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Further risk of contamination to groundwater may occur as a result of accidental on-
site leaks/spills of fuels/stored chemicals from the REF proposal and migrating
downstream to EIS proposal areas. Groundwater flow would migrate these
contaminants into the EIS proposal areas and create contamination issues for the
coastal wetlands. Key risks to groundwater quality would include contamination
from oils and grease, lead, zinc, copper, cadmium from vehicles, and nitrogen and
phosphorous from atmospheric deposition during construction works.

The potential indirect impacts from groundwater contamination on the EIS proposal
areas are considered to be moderate.

6.3 Potential impacts during operation

Operation of Henry Lawson Drive will comprise a key connection for traffic moving between the Hume
Highway, Milperra Road /Newbridge Road and the M5 Motorway. It will also be used for local travel trips
between residences and services.

The impacts assessment is separated into three categories. Impacts on the REF proposal, direct impacts of
the EIS proposal area and indirect impacts from the REF proposal on the EIS proposal areas. The
assessment for construction activities are presented in Table 6-4, Table 6-5 and Table 6-6.

Table 6-4 REF proposal operational impact assessment

Aquifer Very low The presence of impermeable surfaces and high permeability drainage lines from

interference the REF proposal may reduce local recharge to the underlying aquifer and result in
preferential groundwater flows along filled drainage lines. Surface water runoff,
stormwater and other associated drainage channels are not expected to interact
with groundwater or aquifers across the proposal alignment during operation.

Due to the increase in the impermeable pavement for Henry Lawson Drive and
Milperra Road, there is likely to be a minor reduction in the overall recharge rate to
the underlying unconfined aquifers, as a result of the proposal being upgrades to
existing road infrastructure rather than new road infrastructure. The overall
reduction is unlikely to produce an effect that would constitute aquifer interference,
with the aquifer interference framework, therefore the potential impacts are
considered to be very low.

The potential impact relative to aquifer interference has been qualitatively
assessed as very low based on available information.

Groundwater Very low Extraction of water is not a requirement for the continued operation of the REF
discharges proposal, the risk to groundwater through over extraction as a part of the operation
of this proposal is negligible.

There is potential for groundwater levels to rise in response to higher than average
rainfall conditions caused by short-term and long-term climate cycles, leading to
potential saturation of stormwater networks. Stormwater infrastructure which
transport stormwater to Georges River may have an element of groundwater
recharge. This is the case for the proposed stormwater treatment infrastructure,
including the bio-retention basins, open grassed swales and other treatment
methods. These impacts are considered very low.

Groundwater Low Stormwater leakage containing concentrations of contaminants as a result of the

quality operation of the REF proposal has the potential to impact groundwater quality, by
increasing concentrations of nutrients, heavy metals, and hydrocarbons.
Stormwater treatment infrastructure including basins/swales will assist in reducing
impacts on groundwater quality as an amount of stormwater will become
groundwater recharge as its transported to the Georges River.

The potential impact on groundwater quality has been qualitatively assessed as
low based on available information.
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Impact to
groundwater uses

Bio-retention
Basin

Moderate -
High

Low -
Moderate

The risk of aquifer interference and discharges to groundwater is deemed to be
‘Very Low — Low’. As such the water table should not be affected by this Proposal
and the risk of changes to water availability to groundwater users is therefore also
deemed to be very low — low.

The risks of ASS and contamination to groundwater are deemed to be ‘Moderate —
High’. As such taking a conservative approach, the risk of the quality of water
becoming unsuitable for groundwater users is also deemed to be moderate —
high.

The two Bio-retention basins are proposed to reduce the amount of pollutants from
the road runoff to the surface water and groundwater environments and thus in
terms of groundwater quality, the basins will have a positive impact, therefore, in
terms of quality it is deemed to be very low

In terms of water table interaction, bio-retention basins may cause local mounding

of the groundwater table, as a result this impact is deemed to be low to
moderate.

Table 6-5 EIS proposal operational impact assessment

Aquifer
interference

Groundwater
dependent
ecosystems and
coastal wetlands

Groundwater
users

Groundwater
quality

Very low

Low-
moderate

Negligible

Low

Due to the nature of key features for the EIS proposal, a significant change of
impermeable surfaces in the three EIS proposal areas is not anticipated. The key
features mainly consist of mostly embankment with a small amount of road or
shared path and EIS proposal area 3 becoming stabilised land once the road is
operation. The minor increase in impermeable surfaces would only result in a very
minor reduction in the overall recharge rate to the underlying unconfined aquifers.
This would be unlikely to produce an effect that would constitute aquifer
interference, with the aquifer interference framework, therefore the potential
impacts are considered to be very low.

The potential impact relative to aquifer interference has been qualitatively
assessed as very low based on available information,

GDEs including the mapped coastal wetlands are not anticipated to be adversely
affected long term by the operation of the EIS proposal with the potential alteration
of recharge rate and change of land use.

Discharge and leakage of stormwater from the surrounding road corridor has the
potential to contain concentrations of suspended solids and potential contaminants
and have the potential to impact all EIS proposal areas. These pollutants have the
potential to impact the health of GDEs and coastal wetlands through sedimentation
and toxicological effects. This includes indirect leakage of stormwater into
groundwater. The potential impacts from discharges are considered to be low-
moderate. Stormwater treatment infrastructure, including vegetated swales
located within the EIS proposal areas, will assist in reducing impacts on
groundwater quality. The impact on GDEs and coastal wetlands will subsequently
also be reduced as the treatment process will result in a percentage of the treated
stormwater becoming groundwater recharge.

The potential impact on GDEs within the EIS proposal areas has been qualitatively
assessed as “low-moderate” based on available design information.

Extraction of water is not a requirement for the maintenance of the EIS proposal
areas during operation of the road. The operational risk to groundwater is therefore
negligible.

Discharge and leakage of stormwater from the road corridor during operation has
the potential to contain concentrations of suspended solids and potential
contaminants. This is relevant to EIS proposal area 1 and to EIS proposal area 2
that includes transverse drainage discharging to Milperra Drain and nearby coastal
wetlands. These pollutants may include nutrients, heavy metals, and
hydrocarbons, some of which would recharge to groundwater.

Stormwater treatment infrastructure including vegetated swales located within the
EIS proposal areas 1 and 3 would assist in reducing impacts on groundwater
quality. This is achieved by some of the stormwater being treated through the
swales recharging the groundwater resource.

The potential impact on groundwater quality has been qualitatively assessed as
low based on available information.
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Table 6-6 REF proposal operational impacts on EIS proposal area — indirect impacts

Groundwater Low- GDEs including the mapped coastal wetlands are not anticipated to be adversely
dependent moderate affected long term with the alteration of recharge rate and ground coverage as a
ecosystems and result of the widening of Henry Lawson Drive.

coastal wetlands The stormwater infrastructure is located through the REF proposal and flows

through the EIS proposal areas at some points. Stormwater discharge and leakage
of contaminated stormwater (from roadways) within the REF proposal has the
ability to become groundwater recharge and impact the coastal wetlands within the
EIS proposal areas.

The potential indirect impact on groundwater dependent ecosystems and coastal
wetlands has been qualitatively assessed as “low-moderate” based on available
design information.

Impact to Moderate - = The risk of aquifer interference and discharges to groundwater is deemed to be

groundwater uses = High ‘Very Low — Low’. As such the water table should not be affected by this Proposal
and the risk of changes to water availability to groundwater users is therefore also
deemed to be very low — low.

The risks of ASS and contamination to groundwater are deemed to be ‘Moderate —
High'. As such taking a conservative approach, the risk of the quality of water
becoming unsuitable for groundwater users is also deemed to be moderate — high.

6.4 Potential cumulative impacts

Cumulative impacts have the potential to arise from the interaction of individual aspects of the site and the
effects of the proposal with other projects in the local area. Potential cumulative impacts from projects
located in the vicinity are presented in Table 6-7. Potential cumulative impacts may include reduced recharge
as a result of increased area of impervious surfaces. Increased groundwater and soil salinity may also be a
result of stormwater to groundwater interactions. The Bankstown Airport projects are a potential source of
any impacts and due to the invasiveness of this proposal, potential cumulative impacts are considered
minimal.

Table 6-7 Projects in the area

Existing Flower Power This is an existing complex, potential Impacts to groundwater quality as a result
Complex of high concentrations of fertilisers used and stored within the Flower Power
Complex. However, as construction is complete and only operational impacts
exist which is considered minimal it is expected that these materials are stored
within the complex and do not have a pathway to groundwater sources.

In Construction = Bankstown It is unknown if the Bankstown Airport Redevelopment projects require
Airport dewatering. If so, this will have a potential impact on the groundwater resource
Redevelopment = of the area.

Risk levels are mapped for ASS in this area. It is anticipated that any
excavations from Bankstown Airport are likely to intercept ASS or PASS.
Infiltration through PASS or ASS will potentially leach acids into the groundwater
resource which is shared by the REF and EIS proposals. If these projects are
constructed simultaneously, construction activities at Bankstown Airport
Redevelopment should be considered when impacts need to be managed as it
is located upstream of the REF and EIS proposal area 1.

There is potential for hydrocarbon, volatile organic compound, and heavy metal
contamination to be present within groundwater within and around operational
service stations as a result of leaks, spills and stormwater leakage to
groundwater. There is also potential for PFAS contamination from Bankstown
Airport Redevelopment for projects at this site may cause PFAS contamination
transport to the groundwater resource.
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Near Future

Milperra Drain
Widening

Rabaul Rd/
HLD upgrade
by Transport in
Georges Hall

Riverlands
Subdivision by
Mirvac

Tower Road
upgrade by
Bankstown
Airport Ltd

Murray Jones
Drive/ Milperra
Road
intersection
upgrade by
Bankstown
Airport Ltd

Milperra Drain widening is located just east of the REF proposal running
between EIS proposal area 2 and 3. Cumulative impacts to groundwater quality,
acid sulfate soils and aquifer interference may occur due to proposed
dewatering.

Earthworks (19 000m? of proposed excavations) or dewatering, which could alter
the level and flow of groundwater and expose potential or actual acid sulfate
soils or disturb contaminated materials in some parts of the project area, which
could result in the mobilisation of acidic runoff and/or contaminants into surface
water and/or groundwater.

Accidental spill or leak of fuel, oil, greases or other chemicals from the use
and/or storage of vehicles, plant and/or machinery on site. These could pollute
surface water and/or groundwater.

Only excavations to 2.5m below ground level are being completed for this
project, it is not anticipated that there are substantial impacts to the aquifer or
groundwater quality.

It is anticipated that any excavations from the upgrade project will possibly
intercept ASS or PASS. Infiltration through PASS or ASS will potentially leach
acids into the groundwater resource which is shared by the REF and EIS
proposals. However, these are to be managed by following Guidelines for the
Management of Acid Sulphate Materials 2005 (RMS, 2005) and the CEMP of
this project.

Works require construction and upgrade of Keys Parade which is located at the
southern point of the REF proposal area. Potential impacts are considered
minimal as the result of a small road construction. Due to location and assumed
groundwater flow, cumulative potential impacts are unlikely.

It is not anticipated that there are substantial impacts to the aquifer or
groundwater quality as a result of the Tower Road and intersection project.

It is anticipated that any excavations from the upgrade project will possibly
intercept ASS or PASS. Infiltration through PASS or ASS will potentially leach
acids into the groundwater resource which is shared by the REF and EIS
proposals. However, these are to be managed by following Guidelines for the
Management of Acid Sulphate Materials 2005 (RMS, 2005) and the CEMP of
this project.

It is not anticipated that there are substantial impacts to the aquifer or
groundwater quality as a result of Murray Jones Drive/Milperra Road intersection
project.

It is anticipated that any excavations from the upgrade project will possibly
intercept ASS or PASS. Infiltration through PASS or ASS will potentially leach
acids into the groundwater resource which is shared by the REF and EIS
proposals. However, these are to be managed by following Guidelines for the
Management of Acid Sulphate Materials 2005 (RMS, 2005) and the CEMP of
this project.
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7 Management measures

7.1 Management of potential impacts during construction

7.1.1 Management measures

A number of management measures are recommended to mitigate risks to and from groundwater across the
proposal alignment during the construction phase. These are outlined in Table 7-1.

Table 7-1 Proposed groundwater management measures for construction

Aquifer
Interference: Flow
obstruction/
interference

Disturbance of
groundwater
dependent
ecosystems and
coastal wetlands

Piling works at
the Auld Avenue
bridge duplication

Aquifer drawdown = REF

Groundwater EIS
ingress into

excavations

Groundwater EIS and

dewatering during = REF
excavation

Piling works at REF
the Auld Avenue
bridge duplication

Piling works are understood to be limited in extent and unlikely
to result in development of significant groundwater flow
barriers. As such, no management measures are required for
aquifer interference.

Although aquifer drawdown is not proposed, if groundwater
dewatering must occur to aid constructability, further
information on groundwater levels and groundwater quality is
to be obtained during detailed design, to estimate dewatering
quantities and the zone of influence. If above 3ML/day, further
approvals under the Water Act 2000 would be required.

Excavations are likely to have direct impacts on potential
GDEs and coastal wetlands within the EIS extents. Direct
disturbance of GDEs should be minimised where possible. A
CEMP should be created to manage ingress to groundwater
into excavated areas.

Where disturbance cannot be avoided, appropriate mitigation
measures should be adopted to prevent impacts outside of the
required areas of disturbance. This may include use of
physical barriers, boundary demarcation and signage to
prevent intrusion of contractors and equipment into sensitive
areas, and ongoing monitoring to ensure disturbance
footprints do not extend outside of set boundaries.

In the event that groundwater aquifer dewatering must occur
to lower the groundwater table and reduce or prevent
groundwater ingress into excavation, then potential impacts on
GDEs must be quantitatively assessed prior to dewatering
along with appropriate management measures and
documented in a site dewatering management plan.

Quantitative assessment must include assessment of the
magnitude and duration of drawdown and whether impacts are
likely to adversely affect the habitat conditions and ecological
communities within the GDE. This assessment must also
include reference to the NSW Aquifer Interference Policy
Minimal Impact Conditions to determine need for Aquifer
interference approval.

Relevant approvals and permits must be obtained prior to
groundwater/ aquifer dewatering.

Piling is considered to present a minimal risk to groundwater
dependent ecosystems and coastal wetlands within the REF
extents based on the proposed methodology.

Despite the low risk, piling activities should be closely
monitored to ensure that contamination through leaks, spills or
ambient groundwater does not accumulate within pile borings
resulting in point source pollution with the potential to impact
GDEs.

Monitoring may include regular inspections of pile borings to
monitor for any light non-aqueous phase liquids (LNAPL), oils,
staining, or odours.
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Risk

Mobilisation of
acid sulfate soils

Groundwater
contamination

Impact to
groundwater
users

7.1.2

Trigger

Shallow
excavations
within the topsoil
and fill materials
for embankments

Excavations and
stockpiling

Piling and
excavations

Aquifer
interference and
contamination

Relevance

REF and
EIS

EIS and
REF

REF and
EIS

EIS and
REF

Groundwater monitoring

Management measures

Excavations are likely to have direct impacts on potential
GDEs and coastal wetlands within the EIS extents. Direct
disturbance of GDEs should be minimised where possible. A
CEMP should be created to manage direct impacts to GDEs.

A Construction Soil and Water Management Plan,
Construction Flora and Fauna Management Plan and a
Clearing and Grubbing Plan will include mitigation measures
and procedures to identify further opportunities to minimise
direct impacts to coastal wetlands and GDEs.

An Acid Sulfate Soil Management Plan (ASSMP) should be
prepared and implemented to manage PASS or ASS exposed
from excavations and changes to groundwater levels. Refer to
the PSI for further discussion.

A site contamination management plan (CMP) should be
prepared and implemented in the event that contaminated
groundwaters are encountered during construction activities,
this should be completed before construction occurs.

During construction any intercepted groundwater should be
managed under the proposal CEMP to mitigate risks
associated with the potential mobilisation or release of
contamination to the groundwater, improper storage and
disposal of intercepted groundwaters.

If major spills and leaks occurs, remediation might be
necessary to reduce impact to nearby coastal wetlands and
GDEs.

Excavations should also be monitored for volatile gases that
may be present as a result of hydrocarbon contamination,
which may pose a risk to human health and built environment.

There are only two registered bores (used for water supply
and irrigation) in proximity to the Proposal area. The extraction
of groundwater for water supply or lowering of the water table
is not proposed, therefore, potential impacts to surrounding
groundwater users are considered minimal.

Measures associated with management of drawdown and
safeguarding against water quality deterioration due to
contamination will reduce risk to groundwater users.

It is recommended that a baseline groundwater monitoring program is implemented during detailed design
across the overall proposal area. This baseline assessment will be used to further identify and quantify
groundwater-surface water interactions, groundwater level variations in areas where excavations are
proposed and bridge piling, understanding the existing groundwater quality in these areas, potential risks
and impacts associated with groundwater levels and groundwater quality within and around the REF and EIS

proposal area.

An agreement about the specific design of the monitoring program (eg number of wells, locations,
parameters, duration, frequency) will be made during detailed design phase and a Sampling Analysis and
Quality Plan will be completed.

Groundwater monitoring wells will be installed by an appropriately experienced hydrogeologist or
environmental scientist to ensure that the installation is fit-for-purpose in monitoring both groundwater levels
and groundwater quality.
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7.2.1 Management measures

The surface water management measures (as identified in the Water Quality Strategy (Lyall and Associates,
2021b), will provide a beneficial result to groundwater recharge and quality. These stormwater treatment
infrastructure management measures include bio-retention basins and grassed swales which would capture
stormwater contaminants leading to no deterioration in groundwater quality conditions from the proposed
upgrade. The inclusion of the aforementioned stormwater quality measures would provide a net reduction in
the average annual weight of gross pollutants, TSS and TP when compared to present day conditions, but
there would still be an increase in the average annual weight of TN. Space and topography constraints limit
the ability to implement additional area bio-retention swales or basins at the drainage outlets.

No other ongoing groundwater management measures are recommended as the residual risks to
groundwater during the operation phase following stormwater treatment are considered negligible — very low.
However, review during the detailed design and the assessment based on outcomes of the DSI and
groundwater monitoring program and updated design will provide a basis for the requirement of any post
construction monitoring for any residual impacts and management measures.

7.2.2 Monitoring procedures

No ongoing groundwater monitoring is recommended as risks to groundwater should be mitigated through
adequate design and suitable construction methodologies and management (refer Section 7.2.1).

A review during the detailed design and the assessment based on outcomes of the DSI and groundwater
monitoring program and updated design will provide a basis for the requirement of any post construction
monitoring for any residual impacts and management measures.
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8 Conclusion

This report has been prepared to support the REF and EIS for the proposal. This report has been prepared
in accordance with the Secretary’s Environmental Assessment Requirements (SEARS) for the EIS proposal,
in particular it highlights the potential impacts on the quality and quantity of the groundwater resources that
are intercepted by the EIS and the REF proposal areas.

The following sections provide conclusions of the assessment for the REF and the EIS proposal areas,
based on the desktop information reviewed, available previous reports and information obtained.

The REF proposal lies in a flat floodplain area for the nearby Georges River and is underlain with poorly
drained and low permeability soils;

Generally, groundwater flow is assumed to flow westerly, towards Georges River with shallow
groundwater depths between 2.8 m bgl and 5 m bgl. Seasonal variation to groundwater levels are
expected, higher levels in winter and lower levels in summer

The aquifer below the REF proposal is assumed to be unconfined and unconsolidated alluvial aquifer

There is one mapped terrestrial GDE located within the REF proposal area, it is located just east of the
intersection between Henry Lawson Drive and Milperra Road

Land salinity for the REF proposal is moderate to high and with a possibility that groundwater is also at
risk of high salinity levels

The overall proposal is in an area of very high probability for acid sulphate soils in the south west, west
and north west portion of the REF proposal area between 2 to >4 m. These acid sulphate soils, should
they be encountered by shallow excavation activities, will require careful management to ensure no
ongoing environmental harm or migration of ASS is caused, particularly to the nearby Georges River and
coastal wetlands.

A summary of the REF proposal construction phase moderate to high risk impacts include:
— Exposure of ASS and potential of transfer into groundwater

— Exposure of contamination and transfer into groundwater or exposure of contaminated groundwater.
This could also be an indirect impact, with activities for the REF proposal area potentially affecting the
EIS proposal area

— Anindirect impact to the EIS proposal areas through discharge to groundwater which could affect
GDEs and the coastal wetlands

— Impact on surrounding groundwater users are considered minimal as only two identified registered
bores used for water supply or irrigation within a 1 km radius

REF proposal construction phase moderate to high risk impacts were considered to include exposure of
ASS and potential of transfer into groundwater, exposure of contamination and transfer into groundwater
or exposure of contaminated groundwater, indirect impact to the EIS proposal areas through discharge to
groundwater which could affect GDEs and the coastal wetlands.

Generally, groundwater flow is assumed to flow westerly, towards Georges River with shallow
groundwater depths between 2.8m bgl and 5m bgl. Exact groundwater depths are unknown for the EIS
proposal areas. Seasonal variation to groundwater levels are expected, higher levels in winter and lower
levels in summer.

The aquifer below the EIS proposal is assumed to be unconfined and unconsolidated alluvial aquifer.

Each of the EIS proposal areas intersect a coastal wetland.
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Land salinity for the EIS proposal areas are moderate to high and with a possibility that groundwater is
also at risk of high salinity levels. EIS proposal area 1 is high risk and EIS proposal areas 2 and 3 are
moderate risk.

The EIS proposal areas 1 and 3 are deemed to have a very high probability for acid sulphate soils
between 2 to >4 m, with EIS proposal area 2 having a low probability to encounter acid sulphate soils.
These acid sulphate soils, should they be encountered by shallow excavation activities, will require
careful management to ensure no ongoing environmental harm or migration of ASS is caused, particular
to the nearby Georges River and coastal wetlands;

A summary of the EIS proposal construction phase moderate to high risk impacts include:

— Impacts to GDEs including coastal wetlands that could affect the groundwater resource

— Exposure of ASS and potential of transfer into groundwater

— Exposure of contamination and transfer into groundwater or exposure of contaminated groundwater.

— Impact on surrounding groundwater users are considered minimal as only two identified registered
bores used for water supply or irrigation within a 1km radius.

EIS proposal construction phase moderate to high risk impacts were considered to include GDEs
including coastal wetlands that could affect the groundwater resource, exposure of ASS and potential of
transfer into groundwater, exposure of contamination and transfer into groundwater or exposure of
contaminated groundwater.

A baseline groundwater monitoring program of the REF and EIS proposal areas should be undertaken
during detailed design as described in Section 7.1.2 with reference to necessary guidelines for
groundwater quality to fully address the SEARSs for the EIS, outlined in Section 1.3.3. This baseline
monitoring will guide understanding of groundwater depths in proposed piling and excavation areas.

A Construction and Environmental Management Plan (CEMP) should be prepared prior to construction
commencing.

If soils between 2 and 4 m are disturbed (within the REF proposal and all EIS proposal areas), an Acid
Sulfate Soils Management Plan (ASSMP) should be included in the CEMP.

No management measures are proposed as part of the operational phase of the proposal. However, it is
noted that surface water management measures (as identified in the Water Quality Strategy (Lyalls and
Associates, 2021b), could provide a beneficial result in groundwater recharge and quality.
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Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
NO- 1 28/10/2020
1
Description

There was a large
drainage line running
north to south along
Henry Lawson Drive.

Photo Date
NO- 1 28/10/2020
2
Description

Surface conditions
near the southern
boundary of the study
area. Vegetated land
(grass covering) with
patches of bare earth
and some angular to
sub angular rocks and
gravels.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
NO- 1 281012020
3
Description

There was a corridor
of bare earth
traversing along the
large drainage line to
the south.

Photo Date

NO. | 5g/10/2020
4

Description

The large drainage
line diverted near
Raleigh Road
towards Milperra Golf
Driving Range.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 2g/10/2020
5
Description

The site is highly
urbanised with
numerous artificial
drains and gutters
along Henry Lawson
Drive. Some of these
drains lead into the
large drainage ditch to
the south.

Photo Date
NO- 1 281012020
6
Description

There was an entry
and exit gate adjacent
to Henry Lawson
Drive, which lead into
a large area potentially
used for parking,
storage and/or
maintenance. Surface
conditions consisted of
cleared non vegetated
land with angular to
sub angular rocks and
gravels.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2811012020
7
Description

An unknown creek
was flowing south
west to north east
along Henry Lawson
Drive.

Photo Date
No- | 2811012020
8
Description

There was an area
near the southern
boundary of the site
which showed signs of
uncontrolled fill and
previous development.
Large amounts of
angular to sub angular
rocks and gravels
were present on the
surface adjacent to
Henry Lawson Drive.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | yg/1012020
9
Description

Patches and diverts of
bare earth were
present along Henry
Lawson Drive

Photo Date
No. 1 28/10/2020
10
Description

Majority of the site is
highly urbanised and
developed with an
artificial rain gutter and
numerous drains
running along both
sides of Henry Lawson
Drive in the south.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 2g/10/2020
11

Description

There was an area
near the intersection
of Henry Lawson
Drive and Milperra
Road, which was used
for stopping and car
wreckage. There
would be potential for
wrecked cars to leak
fuel, lubricant and
coolant into the
surrounding
environment

Photo Date
No- | 2g/10/2020
12

Description

There was a large
mound running along
Milperra Road, which
elevated the bridge
from the surrounding
topography and
vegetation.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No. | 28/10/2020
13
Description

There was a large
area of bare earth
adjacent to the bridge
and Milperra Road.

Photo Date
No- | ye/02020
14
Description

Surface conditions
north of Milperra
Road, coverage
consisted of vegetated
land (grass covering)
with patches of bare
earth and angular to
sub angular rocks and
gravels




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 581012020
15

Description

There was a fenced
gate running along
Georges River to
prevent public

access
Photo Date
No- | 28/10/2020
16
Description

There was a large
area used for stopping,
parking and car
wreckage near the
northern boundary of
the site, adjacent to
the BP Truckstop.
Surface conditions
consisted of non-
vegetated land with
angular to sub angular
rocks and gravels.
There was also
general rubbish and
car wreckage.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 28/10/2020
17
Description

Car wreckage was
observed in the large
stopping/parking bay
adjacent to Henry
Lawson Drive. The
material consisted of a
rusty exhaust pipe,
metal poles, a tyre and
car seat.

Photo Date
NO- | 58/10/2020
18

Description

An old building with
rusty infrastructure
was present in the
north, adjacent to
Georges River.
Potential Hazardous
Building Material
(HBM) due to the age
of the building.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 28/10/2020
19
Description

There was a moderate
mound running along
Henry Lawson Drive
in the north. This
helped elevate the
road from the
surrounding
topography and
vegetation. Due to this
mound, there is a
slight to moderate
gradient falling from
Henry Lawson Drive
towards Georges

River.
Photo Date
NO- 1 1.4/09/2020
20
Description

Georges River flows
along majority of the
north east and
eastern boundary of
the study area.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
NO- | 28/10/2020
21

Description

There was a large
artificial culvert and
drainage line
running east to
west from Georges
River Golf Coarse,
under Henry
Lawson Drive and
into Georges River.

Photo Date
No- 1 28/10/2020
22
Description

In the north, there was
a significant amount
of general rubbish and
some car wreckage
adjacent to Henry
Lawson Drive.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
NO- | 5811012020
23

Description

Surface conditions
near the far
northern boundary
of the site.
Coverage consisted
of vegetated land
(grass covering)
with patches of bare
earth and general
rubbish. There were
some rocks and
gravels observed on
the surface

Photo Date
NO- 1 58/10/2020
24
Description

There was a slight to
moderate gradient
falling from Henry
Lawson Drive
towards a drainage
line along the
Georges River Golf
Coarse.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
NO- | 28/10/2020
25

Description

There was a lot of
broken glass
adjacent to Henry
Lawson Drive near
the northern
boundary of the
site. This could
potentially be from
vehicle accidents
and wreckage,
which could cause
contamination from
leaking of car fluids
(fuel, lubricant and

coolant).
Photo Date
No- | 28/10/2020
26
Description

Significant amounts
of general rubbish
were observed along
Henry Lawson Drive,
adjacent to the
Georges River Golf
Coarse.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- 1 581012020
27
Description

There was an
artificial drainage line
running north west to
south east along
Henry Lawson Drive,
which diverted from
the Georges River
Golf Coarse.

Photo Date

NO. | 5g/10/2020
28

Description

Majority of the site is
highly urbanised and
developed with an
artificial rain gutter
and numerous drains
running along both
sides of Henry
Lawson Drive to the
north.




Photographic Log

Client Name Site Location Project ID
Transport for NSW (TfNSW) Henry Lawson Drive 510102
Photo Date

NO- | 28/10/2020
29
Description

There was an area
adjacent to the BP
Truckstop, which was
used by vehicles for
stopping, parking
and/or maintenance.
Tracks of bare earth
from heavy vehicles

Photo Date
No- | 5811012020
30
Description

There was a large
mound present at the
intersection of Henry
Lawson Drive and
Milperra Road. This
mound was used to
elevate the adjacent
business park from
the surrounding
infrastructure,
topography and
vegetation.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2g/10/2020
31

Description

Small to moderate
patches of sand were
observed along the
base of the mound.

Photo Date
No- | 5811012020
32
Description

There were two large
artificial drains with
accompanying
infrastructure adjacent
to the mound and
business park, located
at the intersection of
Henry Lawson Drive
and Milperra Road.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2g/10/2020
33
Description

A small drainage ditch
was traversing along
the intersection of
Henry Lawson Drive
and Milperra Road.

Photo Date
No- | 5811012020
34
Description

Asphalt was present
on the ground surface
adjacent to the large
mound, business park
and Milperra Road




Photographic Log

Client Name Site Location Project ID
Transport for NSW (TfNSW) Henry Lawson Drive 510102
Photo Date

NO- | 28/10/2020
35
Description

Retaining walls were
used to elevate the
large mound and
business park

Photo Date
No- | 5811012020
36

Description

There was a cleared
area adjacent to
Milperra Road, which
was used for parking,
stopping and car
wreckage. Surface
conditions consisted
of non-vegetated land
with angular to sub
angular rocks and
gravels.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2g/10/2020
37

Description

A large artificial culvert
and drainage line was
present in the eastern
boundary of the site,
which was flowing
from the Bankstown
Aerodrome towards
Milperra Road and
Bankstown Golf Club.
As majority of the site
is highly urbanised
and developed, there
was also an artificial
rain gutter and
numerous drains
running along both
sides of Milperra
Road.

Photo Date
NO- | 58/10/2020
38

Description

Multiple cleared
non-vegetated
areas were present
along Henry
Lawson Drive,
which were used for
stopping, parking
and car wreckage.
There was a large
patch of dumped
asphalt and
potential chemical
staining observed
from leaks and
wreckage.




Photographic Log

Client Name

Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2g/10/2020
39

Description

Potential chemical
staining from vehicles
and wreckage
adjacent to Henry
Lawson Drive.

Photo Date
No- | 5811012020
40

Description

There were signs of
uncontrolled fill near
the south western
boundary of the site. A
small patch of dumped
asphalt and a
stockpile of material
with angular to
subangular rocks and
gravels were present.
There are also
obvious patches of
chemical staining
adjacent to the
stockpile and asphalt,
which could
contaminate the
surrounding
environment.




Photographic Log

Client Name
Transport for NSW (TfNSW)

Site Location

Henry Lawson Drive

Project ID
510102

Photo Date
No- | 2g/10/2020
41

Description

Surface conditions in
the south western
corner of the site.
Coverage consisted of
vegetated land (grass
and leaf covering) with
patches of bare earth
and rock and gravels.
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Hydrogeological Landscape Reports
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4. Parramatta/Georges River Hydrogeological

Landscape

HOMEBUSH BAY, ROSEHILL,
CAMELIA, CLYDE, PANANIA

TYPE AREA ROSEHILL

LOCALITIES

GRID REFERENCE 318000 mE 6255000 mN (Z 56)

SYDNEY 1:100 000;

GEOLOGY SHEET PENRITH 1:100 000

CONFIDENCE LEVEL LOW

OVERVIEW

The Parramatta/Georges River Hydrogeological Landscape (HGL) is characterised by the low lying
Quaternary and Tertiary Alluvial floodplains of the Parramatta and Georges Rivers and features flat
extensive floodplains and alluvial plains with some ponding. The HGL is located in the central part of
the Western Sydney region along the Parramatta River near the confluence with Duck River; at
Homebush Bay; and on the low lying, inundated floodplains of the Georges River near Chipping
Norton. These include areas of disturbed and/or reclaimed land close to the rivers. They are
commonly waterlogged and contain ponded water and back swamps, and are areas with potential for
acid sulfate soils. They occur in an area of moderate to high rainfall (900—1100 mm).

This HGL is distinguished from other areas within the Sydney Metropolitan CMA by its very flat and
low lying alluvial plain with ponding, on the borders of the Parramatta and Georges Rivers. The
Parramatta/Georges River HGL is distinct from the Moorebank HGL because it is heavily influenced
by acid sulfate soils which produces a different salinity signature. This HGL has been defined on the
distribution of potential acid sulfate soils.

This HGL comprises unconsolidated sedimentary fine-grained sands, silts and clays from the
Quaternary period. These have been derived from (and overlie) the surrounding Wianamatta Group
rocks and Hawkesbury Sandstone. These older rocks are not exposed in this HGL. Local relief is
typically <10 m with slopes <3%. Regolith cover on this HGL is generally very deep (>2m).

Soils are: Yellow Podzolic Soils and Yellow Solodic Soils on older alluvial terraces, and deep Solodic
Soils and Yellow Solonetzic Soils on current floodplains (Birrong Soil Landscape — level to gently
undulating alluvial floodplain); Brown and Yellow Sodosols (Soloths) and Brown and Yellow Kurosols
(Yellow and Brown Podzolic Soils) occur on dissected, gently undulating low rises (Berkshire Park Soil
Landscape); Plastic clays occur in drainage lines, non-calcic brown soils, red earths and Red Podzolic
Soils occur on terrace surfaces with earthy sands on terrace edges (Richmond Soil Landscape —
Quaternary terraces).

Water infiltrates down through alluvial materials and predominantly flows into the Parramatta or
Georges River. Regional and local systems drain the area.

The salt sites occur on the flat-lying land. Salinity is primarily driven by shallow cyclic flows, estuarine
and acid sulfate influences.

Land use on this HGL is predominantly recreational land as the area is prone to flooding and
waterlogging. Landscape limitations and hazards include flooding, stream bank erosion and
associated mass movement, waterlogging, foundation hazard and acidic topsoils. There is no unique
vegetation signature in this landscape; and Riparian Woodland and Alluvial Forest are the most
common vegetation communities that remain.
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Parramatta/Georges River HGL Distribution Map

SALINITY

OCCURRENCE Land salinity is high. This is because of the tidal influence on extensive

(LAND) floodplains and alluvial plains with some ponding along the Parramatta
and Georges Rivers, and the periodic wetting and drying of the alluvial
floodplain sediments which allows for cycling of the salts.

EXPORT Salt export is high. Waterlogging and the constant flux of water draining

(LOAD) through the HGL carry dissolved salts from the sediments. The impact of
sulfate soils adds to salt load.

WATER Water EC is high. High salinity levels occur in tributaries to the major
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water courses. ‘

SALT MOBILITY

SALT STORE LOW MODERATE HIGH
Parramatta/Georges

aliel River
MODERATE
LOW
HAZARD

Limited Significant Severe
N R S ES SN potential impact potential impact potential impact

High likelihood
of occurrence

Moderate likelihood
of occurrence

Low likelihood
of occurrence

LANDSCAPE ATTRIBUTES

Conceptual Parramatta/Georges River Hydrogeological Landscape cross-section showing the distribution of
regolith, landforms, salt sites and flow paths.

LITHOLOGY

This HGL comprises unconsolidated sedimentary materials from
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(Sherwin & Holmes 1986: Jones & the Quaternary and Neogene periods. The key lithologies are:

g(/)aorgk)e 1991; Geoscience Australia e Recent alluvium — fine-grained sand, gravel, silt and clay

e Sand plains — sand, with lesser gravel and clay

e Minor exposures of Triassic Wianamatta Group
consolidated sediments and Hawkesbury Sandstone are
also present.

ANNUAL RAINFALL 900-1100 mm

REGOLITH-LANDFORMS This HGL is characterised by unconsolidated alluvium deposits
forming level to gently undulating alluvial floodplains (<5m) and
gently undulating low rises (1-20m) such as along the Georges
River around Chipping Norton and along the Parramatta River near
Homebush. Minor levee banks, dissected floodplains and flat
topped terraces also occur within the landscape.

Regolith materials commonly include fine-grained sand, reddish
brown silt and clay. As the Parramatta and Georges Rivers are
large the regolith of the landscape is deep (>2m).

Typical Parramatta/Georges River HGL — very level floodplain within 400m of river; street lined with paperbark
trees, typical of floodplain area. Photo looking south along Durham Street, Rosehill (Photo: DECCW/Marion
Winkler).
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Typical Parramatta/Georges River HGL — flat floodplain area with gentle inclination towards the river channel of
Parramatta River (behind photographer). Photo looking west along Grand Avenue, Rosehill (Photo:

DECCW/Marion Winkler).

Typical Parramatta/Georges River HGL — contained drainage channel with levee banks showing some salinity
effects on lower slope near to drainage line; wetlands of mangroves typical in estuarine channels and Casuarina
spp. in the riparian zone. Photo taken along Haslams Creek (The Wetlands Corridor) off Hill Rd, Homebush Bay.

(Photo: DECCW/Marion Winkler).
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Typical Parramatta/Geroges River HGL — flat alluvial floodplain along Georges River. Photo showing Heron Park
beside Riverside Road, Chipping Norton (Photo: DECCW/Marion Winkler).

Parramatta/Georges River HGL — evidence of salinity in structure of Telstra Stadium, around the runway entrance
to the stadium, Sydney Olympic Park. Salt crystals forming after evaporation of saline rising damp in brick work
(Photo: DECCW/Charmaine Beckett).
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SOIL LANDSCAPES

This HGL includes parts of the Berkshire Park, Richmond and
Birrong Soil Landscapes with very minor expressions of various
alluvial soil types and soil of disturbed terrain.

The Berkshire Park Soil Landscape forms the dissected, gently
undulating low rises on Tertiary alluvium of the HGL and typically
contains Brown and Yellow Sodosols (Soloths), Brown and Yellow
Kurosols (Yellow and Brown Podzolic Soils). The topsoils of the
terraces are comprised of brown sandy loams and dark brown
loamy sands. Ferromanganiferrous nodules are common. Brown
clayey sands, yellowish brown sandy clays and yellowish brown
nodular clay, with abundant iron and manganese nodules form the
subsoil of the terraces.

The Richmond Soil Landscape forms the terraces of the Georges
River. They typically show plastic clays in drainage lines, non-calcic
brown soils, red earths and Red Podzolic Soils on terrace surfaces
and earthy sands on terrace edges.

The level to gently undulating alluvial floodplains of Birrong Soil
Landscape form Yellow Podzolic Soils and Yellow Solodic Soils on
older alluvial terraces, and deep Solodic Soils and Yellow
Solonetzic Soils on current floodplains.

RURAL LAND
CAPABILITY

Typically Class IV and V land occurs within the HGL.

LAND USE

The land within the HGL is used for parkland (Bicentennial Park,
Sydney Olympic Park), golf courses, residential and industrial
development and recreational space. Areas of reclaimed land
provide habitat to significant threatened and endangered fauna and
flora, including Green and Golden Bell Frog (Litoria aurea) and
migratory birds protected under CAMBA and JAMBA treaties.
Nature Reserves and “wetlands of ecological signifiance” include
Newington Nature Reserve, The Wetlands Corridor (Haslams
Creek) and Badu Mangroves near Liberty Grove.

KEY LAND
DEGRADATION ISSUES

Limitations:
e Flood hazard
e Acid sulfate soils
e High soil erosion hazard on floodplain and terrace edges
e Gully, sheet and rill erosion on dissected areas
e Saline subsoil
e Impermeable subsoil
e Seasonal waterlogging

e Very low fertility

VEGETATION

Parramatta/Georges River HGL is predominantly cleared of
vegetation apart from areas that may have been replanted with
non-endemic species or are have been invaded by weeds.

Mangrove communities are common in the less disturbed section
of the riparian zones and flood plains. Riparian Woodland and
Alluvial Forest are the most common vegetation communities that
remain.

Common dominant tree species across vegetation communities are
Eucalyptus amplifolia (cabbage gum), E, tereticornis, E. botryoides,
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E. elata (river peppermint), Angophora subvelutina (broad-leaf
apple), A. floribunda (rough-barked apple) and Casuarina glauca
(river oak) close to channels.

Signature: not unique

VEGETATION ASSEMBLAGES

Parramatta/Georges River HGL is highly cleared. Some of the HGL is now supporting non-endemic
native vegetation or weed species, with estuarine influences sections supporting mangrove swamps,
salt marsh and “wetlands of ecological significance” listed on the Register of the National Estate (Badu
Mangroves, Homebush Bay).

Remnants of floodplain communities are evident in street trees of Casuarina glauca and various
Melaleuca sp. and Callistemon sp.

The remaining native vegetation community of Alluvial Woodland contains Eucalyptus amplifolia, E.
tereticornis and Casuarina glauca as dominant species; Acacia parramattensis subsp. parramattensis,
Casuarina glauca, and sometimes Angophora floribunda and Melaleuca linariifolia in the understorey;
and a shrub stratum is invariably dominated by Bursaria spinosa.

Riparian Forest occurs particularly beside the Georges River channel, dominated by Eucalyptus
botryoides, E. elata, Angophora subvelutina and A. floribunda with a small tree stratum of Acacia
binervia, A. floribunda and A. mearnsii.

Endangered ecological communities in Parramatta/Georges River HGL

FORMATION STATE LOCAL ENDANGERED ECOLOGICAL COMMUNITY
(Keith 2004) CLASS (Keith | CLASS
2004) (NPWS
2002)
Forested Coastal Alluvial Alluvial Woodland and Riparian Forest fall within
Wetlands Floodplains Woodland River-flat eucalypt forest on coastal floodplains of
Wetlands the NSW North Coast, Sydney Basin and South
Riparian East Corner bioregions endangered ecological
Forest community listing (NSW Scientific Committee
2004)
HYDROGEOLOGY

Groundwater flow in this HGL is unconfined through unconsolidated alluvial sediments. Localised
perching of water tables occur above clay lenses during wetter periods. Hydraulic conductivity and
transmissivity are moderate to high.

Groundwater systems are local with short flow lengths. These systems are generally aligned with
current stream channels and drainage depressions. Water quality within these systems is brackish to
saline. Water table depths are shallow to intermediate.

Short to medium residence times are typical. These landscapes have a fast response time to changes
in land management.

AQUIFER TYPE Unconfined in unconsolidated alluvial sediments
Vertical and lateral flow components

Local perching above clay-rich layers (seasonal)

HYDRAULIC Moderate to high
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CONDUCTIVITY

Range: 10% —>10 m/day

AQUIFER
TRANSMISSIVITY

Moderate to high
Range: 10 —>100 m?/day

SPECIFIC YIELD

Moderate to high
Range: 10-20%

HYDRAULIC GRADIENT

Gentle

Range: <10%

GROUNDWATER
SALINITY

Brackish to saline

Range: 1.6 - >4.8dS/m

DEPTH TO WATER TABLE

Shallow to intermediate (seasonal)

Range: 0-8 m

TYPICAL CATCHMENT
SIZE

Small (<100 ha)

SCALE
(FLOW LENGTH)

Local

Flow length: <5 km (short)

RECHARGE ESTIMATE

High

RESIDENCE TIME

Short to medium (months to years)

RESPONSIVENESS

Fast (months)
TO CHANGE

MANAGEMENT OPTIONS

The overarching salinity management strategies have specific biophysical outcomes. These outcomes
are achieved by implementing a series of targeted land management actions taking into account the
opportunities and constraints of the particular HGL. The actions recognise the need for diffuse and
specific activities within the landscape that are required to impact on salinity issues.

Salinity processes are driven by the interactions between water use characteristics of vegetation,
physical soil properties and hydrogeological processes within the HGL.

Actions that impact on the way water is used by vegetation or stored in the soil profile will have impacts
on recharge. The influence of both continual and episodic recharge and the impacts of extreme weather
events need to be considered in deciding on the appropriate management actions. Short and long-term
climate cycles also need to be considered as they will have some bearing on salinity processes,
particularly salt load and land salinity.

Where in some rural cases a land use change has occurred and the landscape has been altered (e.g.
clearing of vegetation), a balance could occur. Where a balance does not occur it can result in the
expression of salinity at various points in the landscape. In urban situations, where the landscape is
altered further in shape (such as road and building construction including cut and fill practices) and
water movement is impeded and/or water use is increased, salinity may emerge.

Emerging saline effects within the Sydney Metropolitan catchment have occurred in areas underlain
by Wianamatta shales. Possible causes of urban salinity in Sydney are shown in the cross-sectional
diagram for this HGL. The increased occurrence of salinity is related to:

e Adecrease in deep-rooted vegetation
e Over-irrigation of crops, improved pastures and private gardens and lawns
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Alteration of natural drainage patterns by the construction of houses, roads, railways,
channels etc.

Creation of wet zones of waterlogged soil by impeded drainage
Leakage of standing water bodies, pools, lakes and service pipes
Exposure of susceptible soils

Irrigation of sports grounds, golf courses, parks and gardens.

Where salinity is likely to occur in areas of urban development, the following overarching principles
should apply:

Land managers should clearly demonstrate what measures will be employed to ensure
the salinity hazard does not increase (both on site and on adjoining land) as a result of a
development.

Identify and manage sensitive soils (e.g. sodic soils, reactive soils, type of salts, salt loads).

New houses, buildings or infrastructure (including roads, pathways and retaining walls) in
current or potentially salt affected areas may need to be built to withstand the effects of
salinity (including the establishment of good drainage prior to construction).

Employ deficit irrigation principles to prevent over-irrigation of sports grounds, golf courses,
parks, private gardens and lawns; and limit the application of extra salt through water
recycling programs or irrigation of saline groundwater.

Implement a monitoring program (where deemed necessary) including a clear identification
of responsibilities.

Landscape Function — Parramatta/Georges River HGL

The following list details the functions this landscape provides within a catchment scale salinity

context:

e H. The landscape contains high hazard for generating sodic and saline sediment.

e D. The landscape generates salt loads which enter the streams and are redistributed in

the catchment.

e F. The landscape generates high salinity concentration water.

The landscape contains high hazard for acid sulfate processes.

Landscape Management Objectives — Parramatta/Georges River HGL
The following list details the appropriate strategies pertinent to this landscape:

e Stop discrete landscape recharge: There are discrete elements of this landscape where
specific recharge occurs

e Manage and avoid acid sulfate hazards: There are techniques and processes used to
manage acid sulfate conditions.

Urban Management Strategy Objectives — Parramatta/Georges River HGL
The following list (in priority order) details the appropriate urban strategies pertinent to this landscape:

e Urban Investigations (Ul): The landscape contains significant salinity, and geological
situations that predispose salinity development. Assessment of the location, intensity and
scale of salinity is needed. There are areas of sensitive soils that need to be identified.
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Investigations in new subdivision or re-development of areas are required for management of
salinity consequences.

Urban Planning (UP): Development must not increase the salinity hazard of the natural and
built environment. Layout and design should consider locations of roads, infrastructure and
greenspace as well as building allotments, and water sensitive urban design.

Urban Management (UM): The input of water into the landscape (lawns, gardens, sporting
fields) including the management of recycled water requires careful management.

Urban Construction (UC): Construction on saline land will require salt resistant/ resilient
materials. On some Management Areas the typical slope gradient of this HGL requires
consideration of depth of cut and location of roads; and infrastructure, including underground
utilities.

Riparian Management (RM): Vegetation management in riparian areas will assist in
minimising salt export to streams.

Urban Vegetation (UV): Maintain and enhance vegetation (including remnant vegetation) for
the management of recharge, and as a buffer to excess water input. Waterwise gardening
should be encouraged in residential areas.

Specific Land Management Opportunities
A range of specific opportunities exist for this HGL:

Identification of potential acid sulfate soils allows for appropriate management/engineering
design to be recommended, e.g.

e Protect foundations, bridge pylons, pipes and other sub-surface infrastructure with
appropriate protective measures such as acid-proofing linings

e Remediation - apply large quantities of lime

e Various engineering techniques can be used including groundwater pumping and sub-
surface drainage systems

Specific Land Management Constraints
Constraints for land management in this HGL include:

Potential acid sulfate soils - avoid disturbance of substrate
Potential acid sulfate soils - avoid drainage of soils and backswamp areas

There are landscape elements where salinity may be an issue. These are usually on the outer
edges of the HGL and are adjacent to change in substrate (sandstone contact) or
backswamps.

Specific Targeted Actions for Acid Sulfate Areas

Minimise water runoff — minimise paved or otherwise sealed areas and maximise vegetation
cover in order to promote infiltration of water into the ground and evaporation/transpiration

Minimise alteration of natural drainage patterns — avoid disturbance to surface drainage lines
and groundwater aquifers as far as possible

Stormwater control — ensure runoff from development is safely directed in a stable drainage
system

Avoid rising regional groundwater levels — avoid exposed ground surfaces and maintain
adequate vegetation cover, particularly in high recharge zones

Avoid deep ripping
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e Prevent high seepage from dams
e Carefully manage water application in irrigation projects

e Various engineering techniques can be used including groundwater pumping and sub-surface
drainage systems

e Minimise the time of exposure of the soil to air, preferably re-burying it below a permanent
watertable on the same day

e Protect foundations, bridge pylons, pipes and other sub-surface infrastructure with appropriate
protective measures such as acid-proofing linings

e Apply large quantities of lime

e Where the soils are to be used for landfill purposes, ensure they are only used in the lower
layers

e For landscaping purposes, the treatment of these soils with lime and their covering with an
appropriate thickness of good topsoil may be necessary to allow ground cover to establishment

e All drainage waters from these soils should be contained and neutralised prior to discharge

e Ensure these soils are not exposed to air by drainage activities. Wide, shallow drains are
preferred to deep, narrow drains.

Parramatta/Georges River HGL Management cross-section (Refer to following table for explanation of codes)

Management Actions - Urban
MANAGEMENT

AREA (MA) ACTION (URBAN)

MA9

(ALLUVIAL . . L . : .
FLOODPLAIN/ Investigate concentration and composition of salts in the soil profile,

ESTUARINE) groundwater and surface waters during initial site assessment to determine
salinity hazard (UI1)

Urban Investigations

Use geophysical techniques to define geological contact (EM survey) (UI2)

In addition to these actions, the following are recommended for acid sulfate
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MANAGEMENT
AREA (MA)

ACTION (URBAN)

conditions:

e Identify precise nature and distribution (i.e. area and depth) of soils prior
to development through appropriate testing

Urban Planning
Prior to commencement of earthworks sodic/saline soils should be identified.
(UP1)

Minimise use of infiltration and detention of stormwater in hazard areas,
consider lining of detention systems to prevent infiltration (i.e. reconsider
WSUD implications in relation to salinity management) (UP2)

Identification of discharge sites should influence the size of the area to be
developed (UP3)

In addition to these actions, the following are recommended for acid sulfate
conditions:

e Minimise water runoff — minimise paved or otherwise sealed areas and
maximise vegetation cover in order to promote infiltration of water into
the ground and evaporation/transpiration

e Minimise alteration of natural drainage patterns — avoid disturbance to
surface drainage lines and groundwater aquifers as far as possible

e Stormwater control — ensure runoff from development is safely directed
in a stable drainage system

e Where the soils are to be used for landfill purposes, ensure they are
only used in the lower layers

e For landscaping purposes, the treatment of these soils with lime and
their covering with an appropriate thickness of good topsoil may be
necessary to allow ground cover to establishment

e All drainage waters from these soils should be contained and
neutralised prior to discharge.

Urban Management
Minimise leakage of standing water bodies, pools, lakes and service pipes
(UM1)

Employ deficit irrigation principles to prevent over-irrigation of sports grounds,
golf courses, parks, private gardens and lawns (UM2)

In addition to these actions, the following are recommended for acid sulfate
conditions:

e Carefully manage water application in irrigation projects

e Aim to ensure runoff from development is safely directed in a stable
drainage system — can employ various engineering techniques

Urban Construction
Minimise depth of cut and exposure of susceptible soils during development.
Ensure fill material interface is not saline (UC1)

Deep drainage should be minimised by maximising surface water runoff and
drainage (UC2)
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MANAGEMENT
AREA (MA)

ACTION (URBAN)

Ensure road construction is suitable for conditions (UC5)

New houses, buildings or infrastructure (including roads, pathways and
retaining walls) in current or potentially salt affected areas may need to be built
to withstand the effects of salinity utilising industry accepted standards. In badly
affected areas, consideration should be given to rehabilitating salt affected
land, building above ground or consideration of open space options (UC6)

Consider the use of salt protected materials for services, (e.g. salt resistant
drainage pipes, casing of underground services) (UC7)

In addition to these actions, the following are recommended for acid sulfate
conditions:

e Minimise the time of exposure of the soil to air, preferably re-burying it
below a permanent watertable on the same day

e Avoid deep ripping

e Aim to ensure runoff from development is safely directed in a stable
drainage system — can employ various engineering techniques

e Apply large quantities of lime

e Protect foundations, bridge pylons, pipes and other sub-surface
infrastructure with appropriate protective measures such as acid-
proofing linings

e All drainage waters from these soils should be contained and
neutralised prior to discharge

e Ensure these soils are not exposed to air by drainage activities. Wide,
shallow drains are preferred to deep, narrow drains.

Riparian Management

Retain or re-establish areas of effectively vegetated riparian buffer zones to
manage discharge areas (preferably salt tolerant indigenous vegetation) (RM1)

Maintain/re-establish effective vegetated riparian buffer zones (RM2)

Urban Vegetation

Promote the retention and establishment of deep-rooted vegetation that
maximises water use in new urban development areas (UV2)

Establish new vegetation using salt tolerant species (UV4)

High Hazard Land Use

AT RISK

MANAGEMENT AREAS

MA9

ACTION

Avoid exposure of soils during development when establishing
infrastructure and dwellings

Avoid disturbing potential acid sulfate soils
Avoid draining acid sulfate soils

Careful consideration should be given to the siting of new roads and
infrastructure.
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7. Moorebank Hydrogeological Landscape

MOOREBANK, CHIPPING NORTON,
LOCALITIES GEORGES HALL, LANSDOWNE,

FAIRFIELD EAST Land
TYPE AREA MOOREBANK ol
GRID REFERENCE 297700 mE 6270000 mN (Z 56)
GEOLOGY SHEET PENRITH 1:100 000
CONFIDENCE LEVEL | MEDIUM

OVERVIEW

The Moorebank Hydrogeological Landscape (HGL) is characteristic of areas of Neogene (Pliocene)
alluvial deposits contained within the floodplain of the Georges River, particularly around Chipping
Norton Lake in the suburbs of Chipping Norton, Moorebank, Lansdowne, Georges Hall and Fairfield
East. Landscape features typically include broad, flat alluvial plains, splays and levees which are
intersected by present day drainage channels and narrow drainage lines.

This HGL is distinguished from other areas within the Sydney Metropolitan CMA by its very flat, broad
and low lying alluvial plain and slowed flow/ponding within the bend in the Georges River around the
Chipping Norton Lake area. The bend in the river has allowed Tertiary Alluvium to form the very flat
lying landscape. The Moorebank HGL is distinct from the Parramatta/Georges River HGL because of
this terminal-like ponding of the river, and that it is not heavily influenced by acid sulfate soils which
produce a different salinity signature.

This HGL comprises Neogene Alluvium (clayey quartzose sand and clay under the Georges River as
part of the old fluvial environment) with small areas of Hawkesbury Sandstone (medium to very
coarse-grained sandstone, minor laminated mudstone and siltstone lenses), and Wianamatta Group
Shales and Sandstone (Ashfield Shale which is dark-grey to black claystone-siltstone and fine
sandstone-siltstone laminite, and some Bringelly shale which is shale, carbonaceous claystone,
claystone, laminite, fine to medium-grained lithic sandstone, rare coal and tuff).

The landscape consists of alluvial plains and drainage lines. Local relief is typically 0—20 m with slopes
<10%.

Soils are mainly Brown and Yellow Sodosols (Soloths) and Brown and Yellow Kurosols (Yellow and
Brown Podzolic Soils) of the Berkshire Park Soil Landscape on the gently undulating low rises, plains
and alluvial terraces, and red earths and Red Podzolic Soils of Richmond Soil Landscape on terrace
surfaces with earthy sands on terrace edges. Plastic clays of the Richmond Soil Landscape typically
occur in the drainage lines. Substantial areas of Moorebank HGL contain soil of disturbed terrain.

Regional and local groundwater systems flow deeply through the recent alluvium, Neogene alluvium
and Triassic sediments. Channels containing surface flow fluctuate with runoff events and are not
necessarily fed by groundwater systems, hence are subject to surface intermittent flow and water
ponding.

Salt sites within this HGL are on edges of drainage lines. There is a high potential for shallow cyclic or
transient salinity in this landscape.
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Moorebank HGL Distribution Map

SALINITY

OCCURRENCE Land salinity is moderate. The presence of salty shale layers from the

(LAND) Wianamatta Group sediments contribute to the storage (minor) and
subsequent cycling of salts on the low lying alluvial plains. Land salinity is
particularly exposed during low flow and drier periods.

EXPORT Salt export is low. The quantity of salts stored generally across the

(LOAD) alluvium is low, but the margins of ponds are often saline. The resultant
output is low, due to vertical drainage of water in ponds to deeper
groundwater.

WATER Water EC is low. Water quality was measured as being fresh to marginal

(EC) with ECw readings of 0.5 — 1.3 dS.
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SALT MOBILITY

I
SALT STORE LOW MODERATE HIGH
HIGH
MODERATE
LOW Moorebank
HAZARD
Limited Significant Severe

HAZARD ASSESSMENT

potential impact

potential impact

potential impact

High likelihood
of occurrence

Moderate likelihood
of occurrence

Low likelihood
of occurrence

Moorebank

LANDSCAPE ATTRIBUTES

Conceptual Moorebank HGL cross-section showing the distribution of regolith, landforms, salt sites and flow

paths.
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LITHOLOGY

(Jones & Clark 1991; Geoscience
Australia 2009)

This HGL comprises unconsolidated sedimentary materials from
the Quaternary, Neogene and Triassic periods. The key lithologies
are:

e Recent alluvium — fine-grained sand, gravel, silt and clay.

¢ Neogene alluvium — clayey quartzose sand, and clay

e Bringelly Shale (Wianamatta Group) — shale,
carbonaceous claystone, laminite, lithic sandstone, rare
coal

e Ashfield Shale (Wianamatta Group) — black to light grey
shale and laminite

The Minchinbury Sandstone of the Wianamatta Group and
Hawkesbury Sandstone are very minor constituents of this HGL.

ANNUAL RAINFALL

850-930 mm

REGOLITH-LANDFORMS

This HGL is highly weathered and is characterised by
unconsolidated alluvial sediments forming level to very gently
undulating plains (<9 m), gently undulating low rises and alluvial
terraces. The plains of the landscape are intersected by present
day drainage channels and narrow drainage lines.

Regolith materials include clayey quartzose sand and clay, dark-
grey to black claystone-siltstone and fine sandstone-siltstone
laminite, shale, carbonaceous claystone, claystone, laminite, fine to
medium-grained lithic sandstone, rare coal and tuff, and medium-
grained sand, silt and some patches of iron oxide cemented
aggregates.

Typical Moorebank HGL — flat lying alluvial area near to Anzac Creek, looking north-west from Heathcote Road,
Moorebank. (Photo: DECCW/Marion Winkler).
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Typical Moorebank HGL — flat lying alluvial area near to Anzac Creek, looking south-east along Heathcote Road,
Moorebank. (Photo: DECCW/Marion Winkler).

Typical Moorebank HGL — flat lying alluvial area used for recreation and open space. (Photo: DECCW/Marion

Winkler).

SOIL LANDSCAPES

This HGL includes parts of the Berkshire Park and Richmond Soil
Landscapes with very minor expressions of Freemans Reach Soll
Landscape and soil of disturbed terrain.

The Berkshire Park Soil Landscape forms the dissected, gently
undulating low rises on Tertiary alluvium of the HGL and typically
contains Brown and Yellow Sodosols (Soloths), Brown and Yellow
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Kurosols (Yellow and Brown Podzolic Soils). The topsoils of the
terraces are comprised of brown sandy loams and dark brown
loamy sands. Ferromanganiferrous nodules are common. Brown
clayey sands, yellowish brown sandy clays and yellowish brown
nodular clay, with abundant iron and manganese nodules form the
subsoil of the terraces.

The Richmond Soil Landscape forms the terraces of the Georges
River. They typically show plastic clays in drainage lines, non-calcic
brown soils, red earths and Red Podzolic Soils on terrace surfaces
and earthy sands on terrace edges.

Freemans Reach Soil Landscape is a minor component of the HGL
and occurs on the flood plain of Quaternary Alluvium. It is formed of
Stratic Rudosols (Alluvial Soils).

RURAL LAND The rural land capability for this HGL is predominantly Class I, V

CAPABILITY and VII.

LAND USE Bankstown Airport, Liverpool and Moorebank industrial areas,
Moorebank brickworks, part of New Brighton Golf Course,
Bankstown Golf Course, Riverwood Golf Course, Crest of
Bankstown Reserve and playing fields, Dunc Gray Velodrome,
Lansdowne Reserve (Mirambeena Regional Park and Lansdowne
Park), Rowley Park and Strong Park.

KEY LAND Limitations:

DEGRADATION ISSUES

e Waterlogging
e Localised flood hazard
e  Gully, sheet and rill erosion hazard

e Very high wind erosion hazard if Berkshire Park soil
landscape is cleared

VEGETATION

Moorebank HGL is partially cleared of native vegetation. The
vegetation is typical of flat lying, swampy land. About half of the
remaining native vegetation retains >10% canopy cover (NPWS
2002).

Communities include partially cleared Castlereagh Scribbly Gum
Woodland, Castlereagh Swamp Woodland, Cooks
River/Castlereagh Ironbark Forest and Shale Gravel Transition
Forest. Riparian Forest and Alluvial Woodland occur on the current
day drainage lines.

Common dominant tree species include Eucalyptus parramattensis
subsp. parramattensis (Parramatta red gum), Angophora bakeri
(narrow-leaved apple) and E. sclerophylla (hard-leaved scribbly
gum), Melaleuca decora, E. fibrosa (red ironbark), A. subvelutina
(broad-leaved apple) and Melaleuca linariifolia (flax-leaved
paperbark), E. moluccana (grey box) and E. tereticornis (forest red
gum).

Signature: not unique

Vegetation assemblages are similar to those in low lying areas,
with similar soil landscapes, on the Londonderry HGL in Western
Sydney (HNCMA).
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VEGETATION ASSEMBLAGES

Moorebank HGL is reasonably cleared however the remaining native vegetation represents a number
of endangered Cumberland Plain Woodland communities. Castlereagh Scribbly Gum Woodland
occurs on higher ground and Castlereagh Swamp Woodland in poorly drained depressions, Cooks
River/Castlereagh Ironbark Forest occurs on clayey soils and Shale Gravel Transition Forest on the
shallower soils over shale at the edges of the HGL unit. Shale Plains Woodland is also present.

Castlereagh Scribbly Gum Woodland (NSW NPWS 2002) is dominated by Eucalyptus parramattensis
subsp. parramattensis, Angophora bakeri and E. sclerophylla. A small tree stratum of Melaleuca
decora is sometimes present and a shrub stratum consisting of sclerophyllous species such as
Banksia spinulosa subsp spinulosa, M. nodosa, Hakea sericea and H. dactyloides (multi-stemmed
form).

Castlereagh Swamp Woodland is dominated by medium to dense stands of Melaleuca decora.
Eucalyptus fibrosa, Angophora subvelutina and Melaleuca linariifolia are present less frequently in
both the tree and small tree strata. Eucalyptus parramattensis subsp parramattensis is frequently
present, but is usually represented by only a few individuals. The Ground stratum is often dense and
diverse.

Cooks River/Castlereagh Ironbark Forest is dominated by Eucalyptus fibrosa and Melaleuca decora,
with E. longifolia occurring at lower frequency. A relatively dense shrub stratum is typical, and
dominated by M. nodosa and Lissanthe strigosa, and to a lesser extent M. decora. Shrub species
include Acacia pubescens, Dillwynia tenuifolia, Daviesia ulicifolia, Pultenea villosa and Grevillea
juniperina. The ground stratum is relatively sparse compared to adjoining communities on tertiary
alluvium or shale soils.

Shale/Gravel Transition Forest is usually dominated by Eucalyptus fibrosa with E. moluccana and E.
tereticornis occurring less frequently, but sometimes dominating in the absence of E. fibrosa.
Melaleuca decora is frequently present in a small tree stratum. A sparse shrub stratum is usually
present and typically includes species such as Bursaria spinosa, Daviesia ulicifolia and Lissanthe
strigosa.

Shale Plains Woodland is dominated by Eucalyptus moluccana and E. tereticornis with E. crebra, E.
eugenioides and Corymbia maculata occurring less frequently. Other tree and shrub species include
Exocarpus cupressiformis, Acacia parramattensis subsp. parramattensis, Acacia decurrens and
Bursaria spinosa.

Riparian Forest and Alluvial Woodland have been observed on the current day drainage lines of the
HGL.

Endangered ecological communities in Moorebank HGL

FORMATION STATE CLASS | LOCAL CLASS | ENDANGERED ECOLOGICAL

(Keith 2004) (Keith 2004) (NPWS 2002) COMMUNITY

Grassy Coastal Valley | Shale Plains Shale Plains Woodland fits within

Woodlands Grassy Woodland Cumberland Plain Woodland endangered
Woodlands ecological community listing (NSW Scientific

Committee 1997)

Dry Cumberland Dry | Cooks River/ Cooks River/Castlereagh Ironbark Forest is

Sclerophyll Sclerophyll Castlereagh listed as Cooks River/Castlereagh ironbark

Forests Forests Ironbark Forest | forest in the Sydney Basin Bioregion

endangered ecological community listing
(NSW Scientific Committee 2001)

Shale/Gravel Shale/Gravel Transition Forest is listed as
Transition Shale gravel transition forest endangered
Forest ecological community (NSW Scientific

Committee 2002)
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Hinterland Sand = Castlereagh Castlereagh Swamp Woodland is listed as
Flats Dry Swamp Castlereagh swamp woodland community
Sclerophyll Woodland endangered ecological community (NSW
Forests Scientific Committee 1999)
Castlereagh
Scribbly Gum
Woodland n/a
Forested Coastal Alluvial Alluvial Woodland falls within the endangered
Wetlands Floodplain Woodland ecological community listing for River-flat
Wetlands eucalypt forest on coastal floodplains of the
NSW North Coast, Sydney Basin and South
Riparian Forest | East Corner bioregions (NSW Scientific
Committee 2004)
HYDROGEOLOGY

Groundwater flow in this HGL is unconfined through unconsolidated alluvial sediments. Localised
perching of water tables occur above clay lenses during wetter periods. Unconfined to semi-confined
flow also occurs along structures (bedding, joints, faults) in the fractured bedrock. Hydraulic
conductivity is moderate to high and transmissivity is moderate.

Groundwater systems are local with short flow lengths. These systems are generally aligned with
current stream channels and drainage depressions. Water quality within these systems is fresh to
marginal. Water table depths are shallow to intermediate.

Short to medium residence times are typical. These landscapes have a fast to medium response time

to changes in land management.

AQUIFER TYPE

Unconfined in unconsolidated alluvial sediments
Unconfined to semi-confined in fractured rock along structures

Local perching above clay-rich layers (seasonal)

HYDRAULIC
CONDUCTIVITY

Moderate to high
Range: 10—30 m/day

AQUIFER
TRANSMISSIVITY

Moderate

Range: 2-100 m?/day

SPECIFIC YIELD

Moderate

Range: 5-15%

HYDRAULIC GRADIENT

Gentle to moderate

Range: <10-30%

GROUNDWATER
SALINITY

Fresh to marginal (more saline in deeper aquifers in the Wianamatta
Group shales)

Range: <0.8-1.6 dS/m

DEPTH TO WATER TABLE

Shallow to intermediate (seasonal)

Range: 0-8 m

TYPICAL CATCHMENT

Small (<100 ha)
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SIZE

SCALE Local

(FLOW LENGTH) Flow length: <5 km (short )
RECHARGE ESTIMATE Moderate to high

RESIDENCE TIME Short to medium (months to years)

RESPONSIVENESS

Fast to medium (months to years)
TO CHANGE

MANAGEMENT OPTIONS

The overarching salinity management strategies have specific biophysical outcomes. These outcomes
are achieved by implementing a series of targeted land management actions taking into account the
opportunities and constraints of the particular HGL. The actions recognise the need for diffuse and
specific activities within the landscape that are required to impact on salinity issues.

Salinity processes are driven by the interactions between water use characteristics of vegetation,
physical soil properties and hydrogeological processes within the HGL.

Actions that impact on the way water is used by vegetation or stored in the soil profile will have impacts
on recharge. The influence of both continual and episodic recharge and the impacts of extreme weather
events need to be considered in deciding on the appropriate management actions. Short and long-term
climate cycles also need to be considered as they will have some bearing on salinity processes,
particularly salt load and land salinity.

Where in some rural cases a land use change has occurred and the landscape has been altered (e.g.
clearing of vegetation), a balance could occur. Where a balance does not occur it can result in the
expression of salinity at various points in the landscape. In urban situations, where the landscape is
altered further in shape (such as road and building construction including cut and fill practices) and
water movement is impeded and/or water use is increased, salinity may emerge.

Emerging saline effects within the Sydney Metropolitan catchment have occurred in areas underlain
by Wianamatta shales. Possible causes of urban salinity in Sydney are shown in the cross-sectional
diagram for this HGL. The increased occurrence of salinity is related to:

e Adecrease in deep-rooted vegetation
e Over-irrigation of crops, improved pastures and private gardens and lawns

e Alteration of natural drainage patterns by the construction of houses, roads, railways,
channels etc.

e Creation of wet zones of waterlogged soil by impeded drainage

e |eakage of standing water bodies, pools, lakes and service pipes
e Exposure of susceptible soils

e Irrigation of sports grounds, golf courses, parks and gardens.

Where salinity is likely to occur in areas of urban development, the following overarching principles
should apply:

e lLand managers should clearly demonstrate what measures will be employed to ensure
the salinity hazard does not increase (both on site and on adjoining land) as a result of a
development.

e Identify and manage sensitive soils (e.g. sodic soils, reactive soils, type of salts, salt loads).
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e New houses, buildings or infrastructure (including roads, pathways and retaining walls) in
current or potentially salt affected areas may need to be built to withstand the effects of
salinity (including the establishment of good drainage prior to construction).

e Employ deficit irrigation principles to prevent over-irrigation of sports grounds, golf courses,
parks, private gardens and lawns; and limit the application of extra salt through water
recycling programs or irrigation of saline groundwater.

e Implement a monitoring program (where deemed necessary) including a clear identification
of responsibilities.

Landscape Function — Moorebank HGL

The following list details the functions this landscape provides within a catchment scale salinity

context:

C. The landscape provides important base flow to local streams

E. The landscape receives and stores salt load through irrigation or surface flow.

Landscape Management Objectives — Moorebank HGL
The following list details the appropriate strategies pertinent to this landscape:

e Discharge rehabilitation: The saline sites are large in size. Discharge management will
reduce salt discharge to streams when vegetation is matched to salt sites.

Urban Management Strategy Objectives — Moorebank HGL
The following list (in priority order) details the appropriate urban strategies pertinent to this landscape:

Urban Management (UM): The input of water into the landscape (lawns, gardens, sporting
fields) including the management of recycled water requires careful management.

Riparian Management (RM): Vegetation management in riparian areas will assist in
minimising salt export to streams.

Urban Vegetation (UV): Maintain and enhance vegetation (including remnant vegetation) for
the management of recharge, and as a buffer to excess water input. Waterwise gardening
should be encouraged in residential areas.

Urban Planning (UP): Development must not increase the salinity hazard of the natural and
built environment. Layout and design should consider locations of roads, infrastructure and
greenspace as well as building allotments, and water sensitive urban design.

Urban Investigations (Ul): The landscape contains significant salinity, and geological
situations that predispose salinity development. Assessment of the location, intensity and
scale of salinity is needed. There are areas of sensitive soils that need to be identified.
Investigations in new subdivision or re-development of areas are required for management of
salinity consequences.

Urban Construction (UC): Construction on saline land will require salt resistant/ resilient
materials. On some management areas the typical slope gradient of this HGL requires
consideration of depth of cut and location of roads; and infrastructure, including underground
utilities.
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Specific Land Management Opportunities
A range of specific opportunities exist for this HGL:
e Free draining soils reduces salinity risk

e Remnant vegetation - landscapes are highly vegetated which aid in reducing recharge in the
upper landscape and buffering minor salt store.

Specific Land Management Constraints
Constraints for land management in this HGL include:

e Waterlogging — low lying areas are susceptible to waterlogging
e Lower slope — water from surrounding land drains to this area

e There are landscape elements where salinity may be an issue. These are usually on the outer
edges of the HGL and are adjacent to change in substrate (sandstone contact) or near
backswamps.

Specific Targeted Actions

Moorebank HGL management cross-section (Refer to following table for explanation of codes)
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Management Actions - Urban

MANAGEMENT
AREA (MA)

MA9
(ALLUVIAL
FLOODPLAIN)

ACTION (URBAN)

Urban Management
Minimise leakage of standing water bodies, pools, lakes and service pipes.
(UM1)

Employ deficit irrigation principles to prevent over-irrigation of sports grounds,
golf courses, parks, private gardens and lawns. (UM2)

Riparian Management
Retain or re-establish areas of effectively vegetated riparian buffer zones to
manage discharge areas (preferably salt tolerant indigenous vegetation). (RM1)

Maintain/re-establish effective vegetated riparian buffer zones. (RM2)

Urban Vegetation
Retain or establish areas of deep-rooted salt tolerant indigenous vegetation to
manage recharge or discharge sites. (UV1)

Promote the retention and establishment of deep-rooted vegetation that
maximises water use in new urban development areas. (UV2)

Develop native landscaping and “waterwise” gardens to reduce over-irrigation
and water usage. (UV3)
Establish new vegetation using salt tolerant species. (UV4)

Urban Planning

Prior to commencement of earthworks sodic/saline soils should be identified.
(UP1)

Implementation of WSUD techniques considers the potential impact on the
local salinity hazard. Revise principles of WSUD where salinity effects are an
issue. (UP5)

Urban Investigations

Investigate concentration and composition of salts in the soil profile,
groundwater and surface waters during initial site assessment to determine
salinity hazard. (Ul1)

Urban Construction
Minimise depth of cut and exposure of susceptible soils during development.
Ensure fill material interface is not saline. (UC1)

Minimise the alteration of natural drainage patterns through construction of
houses, roads, railways, channels etc. (UC8)
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High Hazard Land Use
AT RISK

MANAGEMENT AREAS aelliCll
MA9 Careful consideration should be given to the siting of new roads and
infrastructure.

Avoid obstructing drainage lines which impedes the flow of water.

Avoid over watering via irrigation of sports grounds, golf courses,
parks, private gardens and lawns.
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