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Executive summary
Project overview

Sydney Metro is a new standalone rail network identified in Sydney’s Rail Future. The Sydney Metro network
consists of Sydney Metro City & Southwest and Sydney Metro Northwest.

The proposed Sydney Metro City & Southwest comprises two core components:

e The Chatswood to Sydenham project (the project), the subject of this technical paper, would involve
construction and operation of an underground rail line between Chatswood and Sydenham

e The Sydenham to Bankstown upgrade would involve the conversion of the 13.5 kilometre Bankstown line
to metro standards and upgrade of existing stations between Sydenham and Bankstown.

The Sydenham to Bankstown upgrade will be subject to a separate environmental impact assessment.

Investigations have started on the possible extension of Sydney Metro from Bankstown to Liverpool. The
potential extension would support growth in Sydney’s south west by connecting communities, businesses, jobs
and services as well as improving access between the south west and Sydney’s CBD. It would also reduce
growth pressure on road infrastructure and the rail network, including the potential to relieve crowding on the T1
Western Line, T2 South Line and T2 Airport Line.

The Sydney Metro Chatswood to Sydenham project (the project) involves the construction and operation of a
metro rail line. The project would be mainly located underground in twin tunnels extending from Chatswood on
Sydney’s north shore, crossing under Sydney Harbour, and continue to Sydenham.

The key components of the project would include:

e  About 15.5 kilometres of twin rail tunnels (that is, two tunnels located side-by-side) between Mowbray
Road, Chatswood and north of Sydenham Station (near Bedwin Road, Marrickville)

e« Realignment of the existing T1 North Shore Line surface track within the existing rail corridor between
Chatswood Station and in the vicinity of Brand Street, Artarmon, including a new bridge for a section of the
‘down’ (northbound) track to pass over the proposed northern dive structure

e  About 250 metres of aboveground metro tracks between Chatswood Station and the Chatswood dive
structure

e Adive structure (about 400 metres long) and tunnel portal south of Chatswood Station and north of
Mowbray Road, Chatswood (the Chatswood dive structure)

e A substation (for traction power supply) at Artarmon

. Metro stations at Crows Nest, Victoria Cross, Barangaroo, Martin Place, Pitt Street and Waterloo; and new
underground platforms at Central Station

e Adive structure (about 400 metres long) and tunnel portal between Sydenham Station and Bedwin Road,
Marrickville (the Marrickville dive structure)

e A services facility (for traction power supply and an operational water treatment plant) adjacent to the
Marrickville dive structure.

The project would also include a number of ancillary components, including new overhead wiring and alterations
to existing overhead wiring, signalling, access tracks / paths, rail corridor fencing, noise walls, fresh air
ventilation equipment, temporary and permanent alterations to the road network, facilities for pedestrians, and
other construction related works.
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Approach to groundwater assessment

This groundwater assessment has been prepared on the basis of extensive historical experience of tunnelling in
the Hawkesbury Sandstone, Mittagong Formation and Ashfield Shale in the Sydney area.

Project specific investigation comprised geotechnical boring along the project alignment, with the conversion of
14 boreholes to monitoring piezometers. Groundwater testing of these piezometers, including water level
logging and water quality analyses would be undertaken in a subsequent stage of the project.

Detailed numerical modelling is recommended to be undertaken during design and construction phase.

Overview of potential impacts

The Sydney Metro Chatswood to Sydenham project is not anticipated to trigger significant impacts to
groundwater due to the majority of the project being ‘tanked’. ‘Tanked’ structures entail waterproofing combined
with permanent lining. ‘Drained’ structures do not include waterproofing and would be perpetually dewatered.
Project infrastructure elements with a groundwater interface consist:

Construction of rail tunnels, cross-passages and underground stations, where mined, almost entirely in
rock (Ashfield Shale, Mittagong Formation and Hawkesbury Sandstone), combined with a waterproof and
permanent lining.

Segmental lining of rail tunnels (via tunnel boring machines), would, by design, result in minimal
groundwater inflow.

Cross-passages within the tunnel would be ‘tanked’.

A particular design focus would be the harbour crossing and anticipated tunnelling through soft
ground. Tunnelling through harbour sediments is anticipated to require ground treatment at rock-
sediment transition zones to address construction related risks. The operational tunnel would be
‘tanked’.

The tunnelling boring machine access point at Blues Point would be ‘drained’, however, is temporary
and would be backfilled following construction.

At station locations, the design elements comprise underground stations (at rail level) and station shafts
(access from rail level to ground surface).

Underground stations (at rail level) would be ‘tanked’, where they are mined, and would be ‘drained’
where they are cut-and-cover, except for Barangaroo. Crows Nest station would be ‘drained’; Victoria
Cross would be ‘tanked’, Barangaroo would be ‘tanked’; Martin Place would be ‘tanked’; Pitt St would
be ‘tanked’; Central Station would be ‘drained’; Waterloo station would be ‘tanked’.

Station shafts (access from rail level to ground surface) would be ‘drained’ structures. An exception
would be Barangaroo Station and Waterloo Station, where all elements would be ‘tanked’, regardless
of construction method. .

The Artarmon substation is assumed to be ‘tanked’.

The Chatswood dive structure and Marrickville dive structure would be ‘drained’ structures.

Table E.1 summarises the design approach with respect to each groundwater related project element.
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Table E.1 : Groundwater Related Project Infrastructure Configuration

Construction Method / Typology Groundwater Management Approach

Rail Tunnels

Rail Tunnels Tunnel Boring Machine (TBM) Tanked
Cross-Passages and Sumps

Cross-Passages Road Header and Rock Breaker Tanked
Sumps Road Header and Rock Breaker Tanked
Dive Structures

Chatswood dive structure Bored Pile Wall with Capping Beam Drained
Marrickville dive structure Bored Pile Wall with Capping Beam Drained
Underground Stations

Crows Nest Station Cut and Cover Drained
Victoria Cross Station Mined Cavern Tanked
Barangaroo Station Cut and Cover Tanked
Martin Place Station Mined Cavern Tanked
Pitt St Station Mined Cavern Tanked
Central Station Cut and Cover Drained
Waterloo Station Cut and Cover Tanked
Station Shafts

Crows Nest Station Road Header, Rock Breaker and blasting Drained
Victoria Cross Station Road Header, Rock Breaker and blasting Drained
Barangaroo Station Road Header, Rock Breaker and blasting Tanked
Martin Place Station Road Header, Rock Breaker and blasting Drained
Pitt St Station Road Header, Rock Breaker and blasting Drained
Central Station Road Header, Rock Breaker and blasting Drained
Waterloo Station Road Header, Rock Breaker and blasting Tanked
Operational Ancillary Facilities

Artarmon substation Rock Breaker ‘ Tanked

Table E.2 presents the Level 1 Minimum Harm Criteria Assessment with respect to the project.

Table E.2 : Groundwater Related Minimum Harm Criteria Assessment (NSW Office of Water, 2012)

Water table

Less than or equal to a 10% cumulative variation in the water
table, allowing for typical climatic ‘post-water sharing plan’
variations, 40 metres from any:

e high priority groundwater dependent ecosystem or
e high priority culturally significant site

listed in the schedule of the relevant water sharing plan.
OR

A maximum of a 2 metre water table decline cumulatively at any
water supply work.

There are no high priority groundwater dependent ecosystems or
high priority culturally significant sites in the vicinity of the project.
Anticipated drawdown, cumulative, at any water supply work, is less
than a 2m decline in water table due to the project.
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Water pressure Anticipated decline in groundwater elevation due to the project is
A cumulative pressure head decline of not more than a 2 metre less than a 2m at any water supply work.
decline, at any water supply work.

Water quality The project, due to groundwater inflows being captured and

Any change in the groundwater quality should not lower the discharged, whether locally during construction or transmitted to
beneficial use category of the groundwater source beyond 40 centralised water treatment plant during operation would not change
metres from the activity. groundwater quality beyond 40 metres from the activity.

Anticipated change to groundwater level is minor and expected contribution of change in groundwater level to
off-site subsidence in hard rock is negligible.

For Waterloo Station, the project alignment would underlie the high permeability Botany Sandbeds Aquifer. The
thickness of the Botany Sandbeds Aquifer along the alignment is, however, minimal, and is estimated to be 1 to
10 metres, and occurs at or near to ground surface. The design approach to Waterloo Station would be to ‘tank’
all project elements. In contrast to the Botany Sandbeds Aquifer, groundwater inflow through the Ashfield
Shale, Mittagong Formation and Hawkesbury Sandstone would be orders of magnitude lower. Detailed Site
Investigation is on-going to identify areas where jointing and / or faulting may lead to greater inflow. There is no
surface water-groundwater interaction anticipated, however, due to the project, including both with respect to
Sydney Harbour and Sheas Creek that feeds into Alexandra Canal.

As noted in Table E-2, there are no high priority groundwater dependent ecosystems in the vicinity of the
project, or potentially affected, and there is anticipated to be negligible impact to groundwater quality due to the
project.

Groundwater inflow collected during construction would be managed at water treatment plants at tunnel boring
machine support sites as well as additional water treatment plants at other underground stations, as required.
Estimated inflow during construction is 11.8L/s. During construction, groundwater inflows would be treated to
meet the requirements of an environmental protection licence issued to the project.

During operation, collected groundwater would be transmitted to a centralised water treatment plant adjacent
the Marrickville dive structure prior to discharge to the Cooks River via the stormwater channel at that location.
The design capacity of the water treatment plant is 15L/s; however, expected groundwater inflow to the project
during operation would be less than 11.8L/s. For operation, the project would be designed to achieve a
maximum water discharge quality equivalent to the 90" percent protection level specified for freshwater
ecosystems in accordance with ANZECC guidelines (ANZECC / ARMCANZ, 2000). The discharge water quality
level would be determined in consultation with the NSW Environment Protection Authority during reference
design, taking into consideration the current water quality of the receiving watercourse.

There are only 11 water supply works identified within the vicinity of the project. Of these, four are currently
licenced under Basic Rights as Domestic and Stock and two hold Water Access Licences for irrigation of
sporting fields or parks, with the remainder presumed to be currently inactive. As noted in Table E.2, it is not
anticipated that the project would lead to adverse impact to any water supply work.
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Summary of mitigation responses
Table E.3 presents the proposed mitigation measures with respect to the project.

Table E.3 : Groundwater related management and mitigation measures

Reference Mitigation measure Applicable

location(s)

GWGH1 A detailed geotechnical model for the project would be developed and progressively updated during | All
design and construction. The detailed geotechnical model would include:

o Assessment of the potential for damage to structures, services, basements and other sub-
surface elements through settlement or strain

e Predicted changes to groundwater levels, including at nearby water supply works.

Where building damage risk is rated as moderate or higher (as per the CIRIA 1996 risk-based
criteria), a structural assessment of the affected buildings / structures would be carried out and
specific measures implemented to address the risk of damage.

With each progressive update of the geotechnical model, the potential for exceedance of the
following target changes to groundwater levels would be reviewed:

e Less than 2.0 metres — general target

e Less than 4.0 metres — where deep building foundations present

e Less than 1.0 metre — residual soils

e Less than 0.5 metre — residual soils (Blues Point) (fill / Aeolian sand).

Where a significant exceedance of target changes to groundwater levels are predicted at
surrounding land uses and nearby water supply works, an appropriate groundwater monitoring
program would be developed and implemented. The program would aim to confirm no adverse
impacts on groundwater levels or to appropriately manage any impacts. Monitoring at any specific
location would be subject to the status of the water supply work and agreement with the landowner.

GWG2 Condition surveys of buildings and structures in the vicinity of the tunnel and excavations would be All

carried out prior to the commencement of excavation at each site.




Technical Paper 7: Groundwater Assessment JACOBS

Important note about your report

The sole purpose of this report and the associated services performed by Jacobs is to undertake a Groundwater
Assessment of the Chatswood to Sydenham project, based on currently available information, and present the
potential environmental impact of the Chatswood to Sydenham project in accordance with the scope of services
set out in the contract between Jacobs and Transport for NSW (‘the Client’). That scope of services, as
described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client (if any) and/or available in the
public domain at the time or times outlined in this report. The passage of time, manifestation of latent conditions
or impacts of future events may require further examination of the project and subsequent data analysis, and re-
evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs has prepared
this report in accordance with the usual care and thoroughness of the consulting profession, for the sole
purpose described above and by reference to applicable standards, guidelines, procedures and practices at the
date of issue of this report. For the reasons outlined above, however, no other warranty or guarantee, whether
expressed or implied, is made as to the data, observations and findings expressed in this report, to the extent
permitted by law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

This report has been prepared on behalf of, and for the exclusive use of, the Client, and is subject to, and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third

party.
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1. Introduction

1.1 Project background

Sydney Metro is a new standalone rail network identified in Sydney’s Rail Future. The Sydney Metro network
consists of Sydney Metro City & Southwest and Sydney Metro Northwest.

The proposed Sydney Metro City & Southwest comprises two core components:

e The Chatswood to Sydenham project (the project), the subject of this technical paper, would involve
construction and operation of an underground rail line between Chatswood and Sydenham

e The Sydenham to Bankstown upgrade would involve the conversion of the 13.5 kilometre Bankstown line
to metro standards and upgrade of existing stations between Sydenham and Bankstown.

Both components are subject to assessment by the Department of Planning and Environment and approval by
the Minister for Planning under Part 5.1 of the NSW Environmental Planning and Assessment Act 1979 (EP&A
Act). The Sydenham to Bankstown upgrade will be subject to a separate environmental impact assessment.

Sydney Metro Northwest (formerly the North West Rail Link) is currently under construction, services will startin
the first half of 2019. This includes a new metro rail line between Rouse Hill and Epping and conversion of the
existing rail line between Epping and Chatswood to metro standards.

Investigations have started on the possible extension of Sydney Metro from Bankstown to Liverpool. The
potential extension would support growth in Sydney’s south west by connecting communities, businesses, jobs
and services as well as improving access between the south west and Sydney’s CBD. It would also reduce
growth pressure on road infrastructure and the rail network, including the potential to relieve crowding on the T1
Western Line, T2 South Line and T2 Airport Line.

The Sydney Metro Delivery Office has been established as part of Transport for NSW to manage the planning,
procurement and delivery of the Sydney Metro network.

The Sydney Metro rail network is shown in Figure 1.1.
1.2 The Sydney Metro network

The customer experience underpins how Sydney Metro is being planned and designed. The customer
experience incorporates all aspects of travel associated with the transport network, service and project
including:

e  The decision on how to travel

e  The travel information available

e  The speed and comfort of the journey

e The range and quantity of services available at stations, interchanges and within station precincts.

A high quality ‘door to door’ transport product is critical to attract and retain customers and also to meet broader
transport and land use objectives. This includes providing a system that is inherently safe for customers on
trains, at stations and at the interface with the public domain; providing direct, comfortable, legible and safe

routes for customers between transport modes; and provide a clean, pleasant and comfortable environment for
customers at stations and on trains.
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Key features of the metro product include:

e Comfortable carriages with space for customers to sit or stand

JACOBS

e A‘turn-up-and-go’ service, with high frequency trains Reduced journey times with faster trains, and new

underground routes through the Sydney CBD

e Increased capacity to safely and reliably carry more customers per hour due to the increased frequency of

trains

e Reduced dwell times at stations as each carriage would be single-deck with three doors, allowing
customers to board and alight more quickly than they can with double-deck carriages.

The Chatswood to Sydenham project would have the capacity to run up to 30 trains per hour through the
Sydney CBD in each direction, which would provide the foundation for delivering a 60 per cent increase in the
number of trains operating in peak periods, and cater for an extra 100,000 customers per hour.

Rouse Hill
Cudgegong
Road

Kellyville

Showground

Bella Vista
Castle Hill

Norwest
UNDE
CONSTRUCTION,
Epping
Liverpool Campsie
Bankstown

OIIIIIIIIII.IIIIIIIIII

Belmore

I Wiley

Punchbow park

Figure 1.1 : The Sydney Metro network

1.3 Overview of the project

1.3.1 Location

Sydney Metro Northwest

Chatswood to Sydenham

A E

Sydenham to Bankstown upgrade

Potential metro extension

:

Existing suburban rail network

Arterial road network

Macquarie
University

Macquarie
Park

Chatswood

Crows Nest

Victoria Cross

Barangaroo
Martin Place
Pitt Street

Central

Hurlstone Waterloo

Park Dulwich Hill

The Sydney Metro Chatswood to Sydenham project (the project) involves the construction and operation of a
metro rail line. The project would be mainly located underground in twin tunnels extending from Chatswood on
Sydney'’s north shore, crossing under Sydney Harbour, and continue to Sydenham.
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1.3.2 Key features

The proposed alignment and key operational features of the project are shown in Figure 1.2 and would include:

e Realignment of T1 North Shore Line surface track within the existing rail corridor between Chatswood
Station and Brand Street, Artarmon, including a new bridge for a section of the ‘down’ (northbound) track to
pass over the proposed northern dive structure

e  About 250 metres of aboveground metro tracks between Chatswood Station and the Chatswood dive
structure

e Adive structure (about 400 metres long) and tunnel portal south of Chatswood Station and north of
Mowbray Road, Chatswood (the Chatswood dive structure)

e About 15.5 kilometres of twin rail tunnels (that is, two tunnels located side-by-side) between Mowbray
Road, Chatswood and Bedwin Road, Marrickville. The tunnel corridor would extend about 30 metres either
side of each tunnel centre line and around all stations

e A substation (for traction power supply) in Artarmon, next to the Gore Hill Freeway, between the proposed
Crows Nest Station and the Chatswood tunnel portal

e Metro stations at Crows Nest, Victoria Cross, Barangaroo, Martin Place, Pitt Street and Waterloo; and new
underground platforms at Central Station

e Adive structure (about 400 metres long) and tunnel portal between Sydenham Station and Bedwin Road,
Marrickville (the Marrickville dive structure)

e A services facility beside the Marrickville dive structure and tunnel portal, including a tunnel water treatment
plant and a substation (for traction power supply).
The project would also include:

e Permanent closure of the road bridge at Nelson Street, Chatswood, and provision of an all vehicle right-
turn movement from the Pacific Highway (southbound) into Mowbray Road (westbound)

e« Changes to arrangements for maintenance access from Hopetoun Avenue and Albert Avenue, Chatswood
as well as a new access point from Brand Street, Artarmon

e Underground pedestrian links at some stations and connections to other modes of transport (such as the
existing suburban rail network) and surrounding land uses

e Alterations to pedestrian and traffic arrangements and public transport infrastructure (where required)
around the new stations and surrounding Central Station

e Installation and modification of existing Sydney Trains rail systems including overhead wiring, signalling,
rail corridor fencing and noise walls, within surface sections at the northern end of the project

e Noise barriers (where required) and other environmental protection measures.

The proposed construction activities for the project broadly include:

e Demolishing buildings and structures at the station sites and other construction sites
e  Constructing tunnels, dive structures and tunnel portals

e  Excavating, constructing and fitting out metro stations

o  Fitting out tunnel rail systems and testing and commissioning of stations, tunnels, ancillary infrastructure,
rail systems and trains

o  Excavating shafts, carrying out structural work and fitting out ancillary infrastructure at Artarmon

e  Carrying out structural work and fitting out ancillary infrastructure at Marrickville.
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A number of construction sites would be required to construct the project. These include locations for tunnel
equipment and tunnel boring machine support at Chatswood, Barangaroo and Marrickville as well as at station
sites; a casting yard and segment storage facility at Marrickville and a temporary tunnel boring machine retrieval

site at Blues Point.
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Figure 1.2 : The project
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14 Purpose and scope of this report

The project has been declared State significant infrastructure and critical State significant infrastructure and
therefore is subject to assessment by the Department of Planning and Environment and approval by the
Minister for Planning under Part 5.1 of the NSW Environmental Planning and Assessment Act 1979 (EP&A Act).

This technical paper, Technical Paper 7: Groundwater Assessment — Sydney Metro Chatswood to Sydenham is
one of a number of technical documents that forms part of the EIS. The purpose of this technical paper is to
identify and assess the groundwater-related impacts of the project during both construction and operation. In
doing so it responds directly to the Secretary’s Environmental Assessment Requirements (SEARSs) outlined in
Section 1.4.

This report presents a description of the hydrogeological environment, with acknowledgement that Detailed Site
Investigations are on-going at the time of writing of this report to supplement the current environmental dataset.
The report presents the anticipated changes to the hydrogeological environment due to the project and presents
an assessment of the impact of those anticipated changes to groundwater level, pressure and quality. The
report also presents the approach to monitoring and management.

To facilitate review of this Groundwater Assessment, the NSW Office of Water Aquifer Interference Assessment
Framework has been completed and is provided as Appendix A.

Accordingly, this report:

o Describes of the aquifer system(s) traversed by the project

o Identifies existing groundwater level along the alignment and near the station and portals

+ Identifies sensitive environmental receptors (surrounding land uses, groundwater dependent ecosystems,
groundwater users and surface water / groundwater interaction)

e Presents the nature and extent of potential impacts on groundwater associated with construction and the
presence of end-of-state project infrastructure including tunnels, portals and station excavations

e  Proposes monitoring / management measures to address identified impacts.

The following definitions are used throughout this report. ‘Tanked’ structures entail waterproofing combined
with a permanent lining. ‘Drained’ structures do not include waterproofing and would be perpetually dewatered.
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Secretary’s Environmental Assessment Requirements

The Secretary’s environmental assessment requirements relating to groundwater, and where these
requirements are addressed in this technical paper, are outlined in Table 1.1.

Table 1.1 : Secretary’s Environmental Assessment Requirements — Groundwater

Secretary’s Environmental Assessment Requirements Where Addressed

17. Water — Hydrology

1. The Proponent must describe (and map) the existing hydrological regime for any
surface and groundwater resource (including reliance by users and for ecological
purposes) likely to be impacted by the project, including stream orders, as per the FBA.

A description of the existing hydrogeological
environment is presented in Section 3.3

2. The Proponent must assess (and model if appropriate) the impact of the construction
and operation of the project and any ancillary facilities (both built elements and
discharges) on surface and groundwater hydrology in accordance with the current
guidelines, including:

b) impacts from any permanent and temporary interruption of groundwater flow, including
the extent of drawdown, barriers to flows, implications for groundwater dependent surface
flows, ecosystems and species, groundwater users and the potential for settlement;

Target changes to groundwater level,
groundwater flow, groundwater quality and
surface water-groundwater interaction is
presented in Section 4.2 to 4.5. Impacts to
Surrounding Land Use, Groundwater
Dependent Ecosystems, Groundwater Users
and Surface Water-Groundwater Interaction
are presented in Section 5.3 to 5.6.

c) changes to environmental water availability and flows, both regulated/licensed and
unregulated/rules-based sources;

Expected change to surface water-
groundwater interaction due to the project is
presented in Section 4.5 and an assessment
of the impact is presented in presented in
Section 5.6. Refer to Surface Water
Assessment for assessment of impact of
proposed change to flow due to discharge
from the project.

f) water take (direct or passive) from all surface and groundwater sources with estimates
of annual volumes during construction and operation.

Volumetric take from all groundwater sources
presented in Section 6.1 as well as expected
take from surface water sources due to
groundwater interference.

3. The Proponent must identify any requirements for baseline monitoring of hydrological
attributes.

The intended approach to monitoring is
presented in Section 6.2.
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2. Regulation, Legislation and Policy

This chapter presents relevant regulation, legislation and policy governing management of groundwater as it
pertains to the Sydney Metro Chatswood to Sydenham project.

21 NSW Legislation

211 Water Management Act 2000

The Water Management Act 2000 (NSW) presents the framework for sustainable and integrated water
management in NSW and its objectives are as follows:

e to apply the principles of ecologically sustainable development, and

e to protect, enhance and restore water sources, their associated ecosystems, ecological processes and
biological diversity and their water quality, and

e o recognise and foster the significant social and economic benefits to the State that result from the
sustainable and efficient use of water, including:

- benefits to the environment, and
- benefits to urban communities, agriculture, fisheries, industry and recreation, and
- benefits to culture and heritage, and

- benefits to the Aboriginal people in relation to their spiritual, social, customary and economic use of
land and water,

e o recognise the role of the community, as a partner with government, in resolving issues relating to the
management of water sources,

e to provide for the orderly, efficient and equitable sharing of water from water sources,

e tointegrate the management of water sources with the management of other aspects of the environment,
including the land, its soil, its native vegetation and its native fauna,

e to encourage the sharing of responsibility for the sustainable and efficient use of water between the
Government and water users,

e to encourage best practice in the management and use of water.

The primary instruments applied to achieve these objectives are Water Sharing Plans and the NSW Aquifer
Interference Policy (NSW Office of Water, 2012).

The Water Management (General) Regulation 2011 (NSW) is the primary regulation instrument under the Water
Management Act 2000 (NSW). Under the Clause 18(1) of the Water Management (General) Regulation 2011
(NSW), Transport for NSW, as a transport authority, is exempt from the requirement to hold an access licence.
Transport for NSW is also exempt under Clause 31(1) of the Water Management (General) Regulation 2011
(NSW) from the requirement to hold a water use approval. Transport authorities are not exempt, however, from
the requirement to hold a water supply work approval.

2.1.2 Water Act 1912

The Water Act 1912 (NSW) is being progressively phased out across NSW and replaced by the Water
Management Act 2000 (NSW). The Water Act 1912 (NSW) is relevant where there an activity leads to a take
from a groundwater or surface water source not currently covered by a Water Sharing Plan. As a Water
Sharing Plan has been developed for the project area, the Water Act 1912 (NSW) does not apply.
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Temporary dewatering works are identified as aquifer interference activities under the Water Management Act
2000 (NSW) and the NSW Aquifer Interference Policy (NSW Office of Water, 2012). Aquifer interference
activities require aquifer interference approvals under the Water Management Act 2000 (NSW); however,
provisions for aquifer interference approvals have yet to be enabled. As such, licensing aspects of these
aquifer interference activities are currently administrated under the Water Act 1912 (NSW) (NSW Office of
Water, pers. comm., 2014). Under Section 8 of the Water Act 1912, however, the Crown is exempt from the
requirement to hold licences; therefore Transport for NSW would not require a licence for construction
dewatering.

21.3 Water sharing plans

Water sharing plans, following the introduction of the Water Management Act 2000 (NSW), provide the basis for
equitable sharing of surface water and groundwater between water users, including the environment.

The majority of NSW is now covered by Water Sharing Plans. If an activity leads to a take from a groundwater
or surface water source covered by a Water Sharing Plan, then an approval and / or licence is required.

In general, the Water Management Act 2000 (NSW) requires:
e a water access licence to take water
e a water supply works approval to construct a work

e a water use approval to use the water.

For groundwater, the project lies within the Sydney Basin Central Groundwater Source of the Water Sharing
Plan for the Greater Metropolitan Region Groundwater Sources 2011 (NSW). At Waterloo Station the alignment
underlies the Botany Sands Groundwater Source.

Figure 2.1 presents the boundaries of the Water Sharing Plan (groundwater).

It is noted that the Sydney Basin Central Groundwater Source is declared a Less Productive Groundwater
Source by the NSW Office of Water; therefore Less Productive Minimal Impact Considerations of the NSW
Aquifer Interference Policy, with respect to Porous and Fractured Rock Water Sources, would apply.

For Waterloo Station, the station shaft would intersect the Botany Sands Groundwater Source. Project borehole
SRT BH403 indicates that there is around 4 metres of sand at Waterloo Station and then silty clay transitioning
to siltstone and sandstone from 8 metres below ground level. The design for the Waterloo station is being
refined but is expected to be ‘tanked’ across the Botany Sands Groundwater Source and therefore the Botany
Sands Groundwater Source would be hydraulically isolated from the station shaft. Accordingly, it is proposed
that only the Sydney Basin Central Groundwater Source is relevant to this assessment.

For surface water, the project resides within the Water Sharing Plan for the Greater Metropolitan Region
Unregulated River Water Sources 2011 (NSW). The northern portion (Middle Harbour Creek catchment) of the
project resides within the Middle Harbour Management Zone of the Northern Sydney Rivers Water Source. The
middle portion (Parramatta River / Port Jackson catchment) of the project resides within the Lower Parramatta
River Management Zone of the Northern Sydney Rivers Water Source. The southern portion (Cooks River
catchment) of the project resides within the Cooks River and Botany Bay Management Zone of the Southern
Sydney Rivers Water Source.

Figure 2.2 presents the boundaries of the Water Sharing Plan (surface water).

Details of potential licensing requirements from each of the abovementioned water sources are presented in
Section 6.1 below.
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2.2 NSW Policy
2.21 NSW Aquifer Interference Policy

The Aquifer Interference Policy (NSW Office of Water, 2012) presents the requirements of assessment of
aquifer interference activities administered by the Water Management Act 2000 (NSW). Key components to the
policy are:

o all water taken must be properly accounted for

e the activity must address minimal impact considerations with respect to water table, water pressure and
water quality

e planning measures in the event that actual impacts are greater than predicted, including making sure there
is sufficient monitoring in place.

Level 1 Minimal Harm Considerations for the Sydney Basin Central Groundwater Source include:

e« water table

- less than 10 per cent cumulative variation in the water table, allowing for typical climatic “post-water
sharing plan” variations, 40 metres from any high priority groundwater dependent ecosystem or high
priority culturally significant site listed in the Schedule of the relevant water sharing plan

- amaximum of a 2 metres decline cumulatively at any water supply work
e  water pressure

- acumulative pressure head decline of not more than a 2 metres decline, at any water supply work
o water quality

- any change in the groundwater quality should not lower the beneficial use category of the groundwater
source beyond 40 metres from the activity.
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Figure 2.1: Water Sharing Plan of the Greater Metropolitan Region Groundwater Sources 2011 (NSW)
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222 NSW Groundwater Quality Protection Policy

The NSW Groundwater Quality Protection Policy (DLWC, 1998) objectives are:

e All groundwater systems should be managed such that their most sensitive identified beneficial use (or
environmental value) is maintained.

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

e 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 groundwater resource.

e A groundwater user shall bear the responsibility for environmental damage or degradation caused by using
groundwater that is incompatible with soil, vegetation or receiving waters.

e  Groundwater dependent ecosystems will be afforded protection.
e  Groundwater quality protection should be integrated with the management of groundwater quantity.

¢  The cumulative impacts of developments on groundwater quality should be recognised by all those who
manage, use, or impact on the resource.

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

The following beneficial uses (in decreasing levels of water quality) are adopted by the NSW Groundwater
Quality Protection Policy from the National Water Quality Management Strategy Guidelines for Groundwater
Protection in Australia (ANZECC, 1995):

e  ecosystem protection

o recreation and aesthetics

e raw water for drinking water supply
e agricultural water

e industrial water.

Specific water quality characteristics are determined on a case-by-case basis with due consideration of existing
site conditions and uses within each beneficial class.

2.2.3 NSW Groundwater Dependent Ecosystems Policy

The principles for management of groundwater dependent ecosystems in NSW through the NSW Groundwater
Dependent Ecosystems Policy (DLWC, 2002) are:

e The scientific, ecological, aesthetic and economic values of groundwater-dependent ecosystems, 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.

e  Groundwater extractions should be managed within the sustainable yield of aquifer systems, so that the
ecological processes and biodiversity of their dependent ecosystems are 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.

e  Priority should be given to ensuring that sufficient groundwater of suitable quality is available at the times it
is needed:

- for protecting ecosystems which are known to be, or are most likely to be, groundwater dependent

- for groundwater dependent ecosystems which are under an immediate or high degree of threat from
groundwater-related activities.
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e  Where scientific knowledge is lacking, the Precautionary Principle should be applied to protect groundwater
dependent ecosystems. The development of adaptive management systems and research to improve
understanding of these ecosystems is essential to their management.

e Planning, approval and management of developments and land use activities should aim to minimise
adverse impacts on groundwater dependent ecosystem by:

- maintaining, where possible, natural patterns of groundwater flow and not disrupting groundwater
levels that are critical for ecosystems

- not polluting or causing adverse changes in groundwater quality

- rehabilitating degraded groundwater systems where practical.
224 Protection of the Environment Operations Act 1997

The Protection of the Environment Operations Act 1997 (NSW) is the key piece of environment protection
legislation administered by the NSW Environment Protection Authority.

Relevant features of this legislation include:

e  protection of the environment policies (PEPSs)

e integrated environment protection licensing

e regulation of scheduled and non-scheduled activities:

- the NSW Environment Protection Agency is the regulatory authority for scheduled activities (activities
declared under Schedule 1 of the Protection of the Environment Operations Act 1997)

- the NSW Environment Protection Agency is also the regulatory authority for non-scheduled activities,
where activities are undertaken by a public authority.

The project is a scheduled activity during construction and an environmental protection licence (EPL) would be
required for this stage. An environmental protection licence would not be required for the operational stage.

23 Commonwealth Legislation
2.31 Environmental Protection and Biodiversity Conservation Act 1999

The project can be referred to the Department of Environment for consideration under the Environmental
Protection and Biodiversity Conservation Act 1999 (Cth).

The project, however, does not trigger any Matters of National Environmental Significance with respect to a
water resource since the project does not relate to coal seam gas or large coal mining development.

Assessment of the project with respect to other Matters of National Environmental Significance is presented in
the main text of the environmental impact statement.
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3. Hydrogeological setting

This chapter presents the environmental and hydrogeological setting of the Sydney Metro Chatswood to
Sydenham project. It also presents available environmental data with respect to groundwater level, flow and
quality as well as the conceptual hydrogeological model.

3.1 Environmental setting

311 Climate

Climate in the vicinity of the project is provided by the BOM Station Observatory Hill (No. 066062) in regard to
rainfall. Pan A evaporation is obtained from BOM Station Sydney Airport AWS (No. 066037).

Table 3.1 and 3.2 presents relevant climatic statistics.

Table 3.1 : Average monthly rainfall (mm) (Sydney Observatory Hill No. 066062)

T PO O O P P O O O O

Mean Monthly (mm) 1016 | 1176 | 129.2 | 128.6 | 119.9 1213.4
Decile 1 Monthly 25.5 19.6 31.2 24.6 19 24.6 11 9.3 14.1 17.9 16 21.6 822.2
(mm)

Decile 5 Monthly 79.8 93.6 97.4 97.8 90.9 | 100.3 | 74.3 54.5 51.3 55.6 66.9 59.6 | 1162.2
(mm)

Decile 9 Monthly 188.2 | 254.6 | 277.3 | 276.3 | 266.8 | 295.5 | 221.7 | 187.8 | 151.6 | 175.9 | 158.9 | 165.4 | 1649.7
(mm)

Mean No. of Raindays 8.6 9 9.8 9 8.7 8.7 7.5 7.2 7.2 7.9 8.4 8 100
>1mm

Mean No. of Raindays 2.7 3 3.4 3.4 3.2 3.6 2.7 2.1 1.9 2 2.4 2.3 32.7
>10mm

Table 3.2 : Monthly (mm) and daily evaporation (mm/d) (Sydney Airport AWS No. 066037)

otmcesaieie 4 # w4 w s s 4 s o n > lm |

Mean Monthly (mm) 226.3 | 179.2 | 167.4 | 126.0 | 93.0 75.0 83.7 114.7 | 147.0 | 1829 | 195.0 | 2294 | 1826.3

Mean Daily (mm/d) 7.3 6.4 54 4.2 3.0 25 2.7 3.7 4.9 5.9 6.5 7.4 5.0

From Table 3.1, median annual rainfall is 1,162 mm and mean annual rainfall is 1,213 mm. Decile 1 annual
rainfall (10" percentile) is 822 mm and Decile 9 annual rainfall (90" percentile) is 1,650 mm. Lowest rainfall
occurs during late winter to early spring (August to October) and corresponds with lowest mean number of rain
days > 10mm.

Evaporation presented in Table 3.2 follows a typical distribution, with winter being minimum and summer being
maximum.
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3.1.2 Geology

Information provided by Transport for NSW presents the regional geological units present within the project area
based on the 1:100,000 Geological Sheet 9130 for Sydney (Herbert, 1983). The geological units consist:

e  Fill —reclaimed areas generally adjacent to the harbour and some parklands

e  Holocene alluvium — normally consolidated sediments

e Pleistocene alluvium — over-consolidated sediments (often sandy clays)

e Residual soil — derived from completely weathered siltstone and sandstone

e  Wianamatta Group — comprising siltstone and fine-grained lithic sandstone

e Mittagong Formation — comprising interbedded shale and fine-grained sandstone

e  Hawkesbury Sandstone — medium to coarse grained quartz sandstone.
Figure 3.1 presents the distribution of surface geological units along the alignment of the project.

Detailed discussion of the project with respect to geological units that are anticipated to be encountered is
presented below. Geological long-sections are presented in Appendix B.



Technical Paper 7: Groundwater Assessment JACOBS

@ Chatswood dive site

Artarmon substation

Crows Nest Station
2]

@ Victoria Cross Station
BIG&SPointd€mporarty site @

Barangaroo Station @

@ Martiy Place Station

@ Pitt Street Station

Central Stationﬂ

® Waterloo Station

Marrickville dive site

KEY Geology (source: Herbert, 1983)
O Proposed station location - Qha: Quaternary alluvium Qht: Quaternary sandy
. ! = mud/muddy sand
O Proposed dive locations - Qhb: Quaternary quartz sand
g ’ ; Rh: Hawkesbury Sandstone
O Proposed ancillary infrastructure Qhd: Quaternarymedium to fine ¥
grained marine sand with - Rwa: Ashfield Shale

mmm— Chalswood Lo Sydenham
PR mf: Man made fill
mf/Qha; Man-made

fill/Quaternary alluvium

Qhis: Qualernary peal, sandy
- mf/Rh: Man-made
REHL R - fill/Hawkesbury Sandstone

Qhf: Quaternary medium to fine
marine sand

Figure 3.1 : Regional geology of the project (after Herbert, 1983)
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3.2 Soil

3.21 Soil landscapes
Information provided by Transport for NSW note several soil landscapes along the alignment of the project after
Chapman et. al. (2009). These comprise:
e Birrong
- silt-sized alluvium derived from Wianamatta Group
- level to gently undulating alluvial floodplain draining Wianamatta Group shales

- Yellow Podzolic and Yellow Solodic soils on older alluvial terraces; Solodic soils and Yellow Solonetz
on current floodplain

- limitations include localised flooding, high soil erosion hazard, seasonal water logging, very low to low
soil fertility

. Blacktown
- gently undulating rises on Wianamatta Group shales with slopes usually <5 per cent

- Red and Brown Podzolic soils on crests, upper slopes and well-drained areas; Yellow Podzolic Soils
and Soloths on lower slopes and in areas of poor drainage

- limitations include moderately reactive highly plastic subsoil, low soil fertility and poor soil drainage
e Lucas Heights

- gently undulating crests and ridges on plateau surfaces of the Mittagong Formation with slopes to <10
per cent and rock outcrop absent

- hard-setting Yellow Podzolic soils; Yellow Soloths and Yellow Earths
- limitations include stony soil, low soil fertility and low available water capacity.
e Gymea

- undulating to rolling rises and low hills on Hawkesbury Sandstone, localised rock outcrop on low
broken scarps

- Yellow Earths and Earthy Sands on crests and inside benches; Siliceous Sands and Leached Sands
along drainage lines

- limitations include localised steep slopes, high soil erosion hazard, rock outcrop, shallow highly
permeable soil and very low soil fertility

e Disturbed Terrain
- level to hummocky terrain disturbed by human activity

- turfed fill are commonly capped with 40cm of sandy loam or up to 60cm of compacted clay over fill or
waste material

- limitations include impermeable soil and poor drainage, localised very low soil fertility
e  Hawkesbury
- rugged, rolling to very steep hills on Hawkesbury Sandstone with slopes >25 per cent

- Lithosols and Siliceous Sands associated with rock outcrop; Yellow Earths on inside of benches and
along joints/fractures; localised Yellow and Red Podzolic soils associated with shale lenses; Siliceous
Sands and secondary Yellow Earths along drainage lines

- limitations include extreme soil erosion hazard, shallow, stony highly permeable soil, low soil fertility
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e  Glenorie
- undulating to rolling hills on Wianamatta Group shale with slopes 5 to 20 per cent
- Red and Brown Podzolic soils; Yellow and Gleyed Podzolic soils along drainage lines
- limitations include high soil erosion hazard, localised impermeable highly plastic soil, moderately

reactive.

Figure 3.2 presents the soil landscapes in the vicinity of the project. Table 3.3 presents the soil landscape at
each project element.

Table 3.3 : Soil landscapes

Project Element Regional Soil Type

Chatswood dive Blacktown

Artarmon substation Glenorie / Disturbed Terrain
Crows Nest Station Blacktown

Victoria Cross Station Gymea

Blues Point temporary site Hawkesbury / Gymea
Barrangaroo Station Gymea / Disturbed Terrain
Martin Place Station Gymea

Pitt Street Station Lucas Heights

Central Station Blacktown / Deep Creek
Waterloo Station Tuggerah

Marrickville dive Birrong
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3.3 Hydrogeological environment
3.31 Surrounding land uses

The alignment from the Chatswood dive structure resides within the existing rail corridor at surface initially, with
commercial premises to the north and residential premises to the west and east, before diving through the
Ashfield Shale and Mittagong Formation into the Hawkesbury Sandstone. The alignment underlies commercial
premises, including the temporary location of the Artarmon Public School at Artarmon, at depth (more than 25
metres below ground level). The underground station at Crows Nest Station comprises Hawkesbury Sandstone
at rail level (65 metres AHD) overlain by Mittagong Formation, Ashfield Shale and residual soil. Ground surface
is 86 metres AHD to 93 metres AHD at the top of the station shaft and station rail depth is ~20 to 30 metres
below ground. Crows Nest Station is surrounded by commercial premises.

From Crows Nest to Victoria Cross Stations, the alignment travels at depth through the Hawkesbury Sandstone
below residential and commercial premises, several of which have deep basements which have influenced the
vertical alignment.

At Victoria Cross Station, the station shaft comprises Hawkesbury Sandstone at rail level (32.1 metres AHD)
through to ground surface (67 to 79 metres AHD). Station rail depth is 35 to 45 metres below ground. Victoria
Cross Station is surrounded by commercial buildings, many of which are high-rise and therefore presumably
have deep foundations socketed into rock.

From Victoria Cross to Martin Place Stations, via Barangaroo Station, the alignment travels at depth within the
Hawkesbury Sandstone. Overlying land uses on the northern side of the harbour comprise commercial
premises, several with deep basements which the design was influenced by, past a school and into residential
premises before travelling under the harbour. The depth of the alignment at these locations is more than 40
metres below ground level. On the southern side of the harbour, the alignment transitions from Walsh Bay /
Barangaroo east to Martin Place.

At Barangaroo Station, there are semi-detached residential housing to the east and the Barangaroo
redevelopment project to the west. The station shaft comprises Hawkesbury Sandstone at rail level (-30.5
metres AHD), with extensive filling near to ground surface. Current ground surface at Barangaroo Station is
~1.0 metres AHD, with station rail depth ~30 metres below ground.

At Martin Place Station, the station shaft comprises Hawkesbury Sandstone at rail level (-6.0 metres AHD)
through to ground surface (23 to 25 metres AHD). Station rail depth is ~30m below ground. Martin Place
Station is surrounded by high-rise commercial premises, many of which have significant basements.

Between Martin Place and Pitt Street stations, the alignment rises to near the interface between the Mittagong
Formation and the Hawkesbury Sandstone, with Pitt Street Station consisting Hawkesbury Sandstone /
Mittagong Formation overlain by residual soil and fill. Rail level is 5 metres AHD at Pitt Street Station. Ground
surface at that location is 24 to 26 metres AHD and station rail depth is ~20 metres below ground. Pitt Street
Station is similar to Martin Place Station insofar are being surrounded by high-rise commercial premises. Pitt
Street Station would lie above the Cross City Tunnel (east and west). The groundwater level at this location is
anticipated to be influenced by the presence of existing basements and tunnels. Information provided by
Transport for NSW notes a major geological feature in the area, which is referred to as the Martin Place Joint
Swarm. Information provided by Transport for NSW describes this as a series of vertical to sub-vertical joints /
faults along with low angle fault zones.
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From Pitt Street to Central Station, the alignment remains within the Hawkesbury Sandstone, with several
commercial premises with basements and other infrastructure such as cable tunnels and the existing Eastern
Suburbs Rail Lines influencing the vertical alignment. At Central Station, the rail level is -4.5 metres AHD in
Hawkesbury Sandstone, overlain by Mittagong Formation, residual, minor lenses of Quaternary alluvium
(presumably alluvium associated with local watercourse that discharges to Cockle Bay however is not
associated with the Botany Sandbeds aquifer) and fill. Surrounding land uses at Central Station are railway
infrastructure with mixed commercial / residential premises to the east and open public space to the north and
south.

For Waterloo Station, the alignment would travel through the Hawkesbury Sandstone. The station shaft would
intersect the Ashfield Shale and the Botany Sandbeds Aquifer. The Botany Sandbeds Aquifer would be
hydraulically isolated / ‘tanked’ from the station shaft via a permanent lining.

At the Marrickville dive structure, land use is mixed commercial and light industrial to the north and south.
Geology at the portal is Ashfield Shale, overlain by residual, alluvium associated with local watercourse and fill.
The local watercourse is concrete lined and is located immediately north of the portal site itself. Off-site ground
settlement, of which groundwater drawdown is a minor component is the subject of a comprehensive risk-based
management strategy so as to avoid adverse differential settlement of the stormwater channel, as the
longitudinal gradient of the channel is quite shallow.

Figure 3.3 to Figure 3.10 presents the project alignment, surrounding land use as well as relevant groundwater
works identified from the PINNEENA database (DPI Water). ldentified groundwater users are discussed in
detail in Section 3.3.3.
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3.3.2 Groundwater Dependent Ecosystems

High priority groundwater dependent ecosystems are listed in the schedule of the relevant Water Sharing Plan,
in this case the Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011 (NSW).
There are no high priority groundwater dependent ecosystems within the Sydney Basin Central Groundwater
Source in the vicinity of the project.

Review of the Bureau of Meteorology Atlas of Groundwater Dependent Ecosystems also does not identify other
potential groundwater dependent ecosystems along the project alignment.

At Waterloo Station, there is around four metres of sand near ground surface. The sand layer forms part of the
Botany Sands Groundwater Source. The sand layer would be hydraulically isolated (via permanent lining) from
the station shaft, by design. The Botany Wetlands are a high priority groundwater dependent ecosystem in the
Botany Sands Groundwater Source.

3.3.3 Groundwater users

There is limited groundwater use near the alignment of the project due to the geological environment comprising
low permeability shale, siltstone and sandstone. The current version of the PINNEENA database (NSW Office
of Water) was reviewed to identify any groundwater works (excluding monitoring piezometers).

A summary of groundwater users is presented in Table 3.4, with detailed discussion presented below.

Near the Chatswood dive structure, there are two irrigation wells (GW107757 and GW029731) at Chatswood
Oval; however, review of the NSW Water Register indicates these water supply works are inactive. The works
are located ~200 metres to the north of the Chatswood dive structure. The well construction (GW107757)
comprises slotted screen openings at 14.7 to 17.7 metres below ground level (Ashfield Shale) and 23.7 to 29.7
metres below ground level (Mittagong Formation?) and presumably open hole below 44.7 to 162 metres below
ground level in Mittagong Formation and Hawkesbury Sandstone. Standing water level is noted as 25.6 metres
below ground level or 67.8 metres AHD. GW029731 is reported to be 21.6 metres deep, and open hole below
6.4 metres below ground level in Ashfield Shale and Mittagong Formation.

There is a domestic water supply well (GW108224) around 450 metres northeast of the existing St Leonards
Station. At its closest point, the work is 380m northeast of the alignment. This well appears to be have been
completed as open hole from 71.6 metres below ground level in sandstone (borehole depth is 132.4 metres
below ground level). Two water bearing units are noted, one at 29 to 35 metres below ground level within
sandstone bounded, above and below by shale (estimated yield 0.1 litres per second, salinity 1,750 milligrams
per litre), and another at 98 to 100 metres below ground level within sandstone (estimated yield 0.2 litres per
second, salinity 970 milligrams per litre). The composite groundwater level below 71.6 metres below ground
level, assuming open hole, is 35 metres below ground level (37 metres AHD). It is presumed that the upper
water bearing zone is Mittagong Formation and the lower one is Hawkesbury Sandstone. There is also a
domestic water supply well (GW072478) around 600 metres northwest of St Leonards Station. At its closest
point, the work is 290m southwest of the alignment. This well appears to have been completed as open hole
from 5.4 metres below ground level in sandstone (borehole depth is 180.5 metres below ground level). The
groundwater works summary from PINNEENA reports moist clay at 2.5 to 5.4 metres below ground level and a
water bearing zone, presumably Mittagong Formation, at 29.7 to 30.1 metres below ground level in medium
sandstone (estimated yield 0.1 litres per second, salinity 230 milligrams per litre) and another two zones
between 138 and 144.5 metres below ground level in water bearing quartz (estimated yield 0.2 to 0.3 litres per
second, salinity 270 milligrams per litre). The composite groundwater level, assuming open hole below 5.4
metres below ground level, is 48 metres below ground level (50 metres AHD).

The location of these groundwater works are presented in Figure 3.3 to Figure 3.9.
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Table 3.4 : Groundwater users identified along the project alignment

JACOBS

Location Completed Easting Elevation Depth Screened Unit SWL Yield (L/s) Salinity Status
(mAHD) (mBGL) (mBMP) (mg/L)
Chatswood | GW107757 29/07/2005 331718 6258624 14.7t0 17.7m Ashfield Shale, 25.6 0.6 (16.8 to 17.5m) 725 Inactive,
Oval Council 23.7 t0 29.7m Mittagong 0.3 (28.7 to 29.0m) 1,360 Recreation
Formation? N/A
Chatswood GW029731 01/04/1967 331715 6258555 92.9 21.6 Open hole Ashfield Shale, unkn unkn unkn Inactive,
Oval Council below 6.4m? Mittagong Recreation
Formation? N/A
St Leonards | GW072478 10/01/1995 332277 6256317 97.0 180.5 Open hole Ashfield Shale, 48.0 0.2 (at 29.7 to 30.1m) 230 Inactive,
TAFE Education below 5.4m? Mittagong 0.3 (at 138 to 139.3m) 270 Domestic
Formation and 0.2 (at 143.8 to 144.5m) 270 N/A
Hawkesbury
Sandstone
Private Well | GW 108224 05/06/2006 333214 6256404 70.5 1324 Open hole Hawkesbury 35.0 0.1 (at 29 to 35m) 1,750 Active,
near St Private below 71.6m? Sandstone 0.2 (at 98 to 100m) 970 Domestic
Leonards Basic Right
Station
Shore GW107764 22/01/2007 333832 6254006 67.5 unkn unkn unkn unkn unkn unkn Active,
School Education Domestic
Basic Right
Redfern GW071907 15/05/2008 334034 6247997 31.7 180.0 Open hole Hawkesbury 11.6 0.1 (at 30m) 152 Active,
Park Council below 57.7m? | Sandstone 0.3 (at 60m) 190 Recreation
0.1 (at 90m) 206 WAL24616
0.1 (at 120m) 345 (12MLy)
Private GW106192 10/12/2004 333418 6247611 15.7 6 Spear Botany Sands 4.0 0.5 (at 4.0 to 6.0m) Good Active,
Spear near Private Groundwater Domestic
W aterloo Source Basic Right
Station
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JACOBS

Location Completed Easting Elevation Depth Screened Unit SWL Yield (L/s) Salinity Status
(mAHD) (mBGL) (mBMP) (mg/L)
Industrial GWO017342 01/12/1946 333739 6246789 7.3t015.5 unkn unkn unkn unkn Inactive,
Water Industrial
Supply, N/A
Bourke Rd
Industrial GWO017684 01/09/1947 333662 6246787 9.5 14.9 6.7 to 14.9 unkn unkn unkn unkn Inactive,
Water Industrial
Supply, N/A
Bourke Rd
Erskenville GW 110351 01/01/1975 332651 6247224 12.5 60.0 unkn Hawkesbury 25.0 1.0 (unkn) unkn Active,
Oval Council Sandstone Recreation
WAL24599
(10MLY/y)
Private GW111164 12/10/2010 332686 6246860 9.2 8.0 Spear Botany Sands unkn unkn unkn Active,
Spear in Private Groundwater Domestic
Alexandria Source Basic Right
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There is a well 240 metres west of the existing North Sydney Station (GW107764) and would be ~80 metres
northwest of the alignment at its closest point (refer to Figure 3.3). There are no construction details available
from PINNEENA and this water supply well should be inspected and details obtained (completion details,
standing water level, water quality, yield, current status) during preparation of the construction environmental
management plan. The well was constructed in ~2007 and is associated with Shore School and is presumably
used for irrigation of sporting fields. Review of the Register of Water Approvals refers to the work as a collector
system and therefore the work may be quite shallow. The project at that location would be rail tunnels at depth,
installed into the Hawkesbury Sandstone.

GWO071907 is a water supply to Redfern Park. GW071907 is located 500m northeast of Waterloo Station. The
work is 490m east of the alignment at its closest point. Itis a 180 metres deep, presumable open hole, below
57.7 metres below ground level in Hawkesbury Sandstone. Standing water level at this work is reported to be
11.6 metres below ground level, equivalent to 20.1 metres AHD. This work is attached to WAL24616 and has
an entitlement of 12 megalitres per year.

GW106192 is located 200 metres southwest of Waterloo Station and is a privately held spear to 6 metres in
sand. The reported standing water level is 4.0 metres below ground level.

There are two water supply works (GW017342 and GW017684) located approximately 900 metres south of
Waterloo Station. At its closest point, the alignment is 250 metres to the northwest of the works. Review of the
NSW Water Register indicates these works are, however, inactive and were likely to be industrial water supply
associated with previous land-use at that location. The works are both installed into the Botany Sands
Groundwater Source and extend to a depth of 15.5 and 14.9 metre below ground level respectively.

Other works in the vicinity of this area are noted in the PINNEENA database as monitoring piezometers and
presumably reflect previous and current groundwater investigation.

There is a water supply work (GW110351) operated by local government to irrigate Erskineville Oval. The work
is licensed to extract 10 megalitres per year (WAL24599) from the Botany Sandbeds Aquifer. Drilled depth of
GW110351 is 60 metres below ground level; however, there are no construction details available from the
PINNEENA database. The project is rail tunnels in Hawkesbury Sandstone at depth and segmentally lined at
that location. Itis noted that GW 110351 is screened in both the Botany Sands Groundwater Source and the
Sydney Basin Central Groundwater Source.

There is a groundwater work in Alexandria, GW111164 and is a privately held spear installed to 8.0 metres
below ground level in the Botany Sands Groundwater Source. The work is located 120 metres to the north of
the alignment at its closest point and is a privately held spear to 8 metres in sand. A standing water level is not
reported but is presumed to be 4 metres below ground level. The project at that location, however, would be rail
tunnels at depth, installed into the Mittagong Formation/Hawkesbury Sandstone and therefore there would be
no hydraulic connection between the work and the project.

To the southeast of the Marrickville dive structure itself; there is a flood detention basin. It is understood that
the pump infrastructure at this location are surface works, with a local minor sump rather than a groundwater
water supply.

3.34 Surface water / groundwater interaction

From the Chatswood dive structure, the alignment of the project coincides, in general, with the topographic
ridgeline. Anticipated groundwater levels are presented in Section 3.4 below, however, aside from local
shallow water tables within residual soils, the groundwater level within the Mittagong Formation and
Hawkesbury Sandstone is anticipated to be encountered at depth and therefore there is no surface water-
groundwater interaction anticipated.

Figure 3.11 presents the layout of the Chatswood dive structure and Figure 3.12 presents the layout of the
Artarmon substation.
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Figure 3.12 : Layout of the Artarmon substation

For the Harbour crossing component, it is also anticipated that there would be no surface water-groundwater
interaction, by design, with the project rail tunnels, segmentally lined, potentially including compression gaskets
between segments if required. As noted in the project description, Section 4.1.1, at the deepest section of the
tunnel, the definition design involves tunnelling through harbour sediments following ground treatment works to
reduce construction related risk at the rock-soil transition zone. The Blues Point temporary site is located
adjacent Sydney Harbour. The site is proposed to be a ‘drained’ structure, whilst it is required, and would be
backfilled following construction. Figure 3.13 presents the layout of the Blues Point temporary site. SRT
BHO015 in Appendix C, presents the stratigraphic log at this location. The log implies unweathered sandstone is
encountered from -12 metres AHD and below.
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Figure 3.13 : Layout of the Blues Point temporary site

Between the Harbour crossing and Central Station the alignment is essentially north-south parallel to the
topographic ridgeline after slewing eastward from Barangaroo Station to Martin Place. There is no anticipated
interaction between surface water and groundwater at Barangaroo, Martin Place, Pitt Street and Central Station.
All stormwater would be diverted around station shafts and dive structures to prevent ingress to tunnels. Due to
the proximity of Barangaroo to Sydney Harbour and the presence of remediated land, Barangaroo Station would
be a ‘tanked’ structure with respect to all elements. Figure 3.14 presents the layout of Barangaroo Station.
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Figure 3.14 : Layout of Barangaroo Station

The Marrickville dive structure is located adjacent an existing significant lined stormwater channel. There is no
anticipated interaction between surface water and groundwater at this location. SRT BH002 and BHO02A have
been installed at this location. The groundwater elevation in BH002 (installed into laminite/Ashfield Shale, 14 to
17 metres below ground level) is 2.8 metres AHD, equivalent to 2.5 metres below ground level. The water table
elevation in BHOO2A (residual clay / siltstone), 1.1 to 5.6 metres below ground level) is 3.5 metres AHD,

equivalent to 1.8 metres below ground level. As noted in Section 4.1.3, the Marrickville dive structure would be

a ‘drained’ structure. Figure 3.15 presents the layout of the Marrickville dive structure.



Technical Paper 7: Groundwater Assessment JACOBS

Murray Street

Indicative only, subject to design development =i

KEY

= Proposed metro tracks Dive structure

Figure 3.15 : Layout of the Marrickville dive structure
3.4 Hydrogeological investigation
3.41 Groundwater monitoring network

At present, there are 14 piezometers installed specifically associated with the project. These were installed for
the purpose of project investigation and may be incorporated into the construction monitoring program. Table
3.5 presents a summary of the project piezometers. Water level information is presented in Table 3.5 and
monitoring of water level is on-going via electronic logging.

Appendix E presents time-series change in water level and groundwater quality information, as available.

Groundwater levels, stratigraphy, water quality and the interpreted conceptual hydrogeological model presented
below are based on publically available information, in particular the extensive borehole database generated
during earlier railway projects, investigation works to inform concept planning between Chatswood and St
Leonards as well as extensive historical experience of tunnel and civil construction in Ashfield Shale, Mittagong
Formation and Hawkesbury Sandstone.
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Table 3.5 : Project monitoring piezometers

Completed | Easting | Northing | Elevation Screen Screened Unit SWL? SWL? Salinity | Status Comment
(mAHD) (mBGL) (mBMP) | (mAHD) (mgiL)
BH026 25/09/2015 331603 6258046 104.0 30.0 22.2t028.2 | Ashfield Shale 9.2 94.8 n/a 800 Active Chatswood dive structure
BHO023 02/07/15 331693 6258112 105.5 35.1 11.5t0 14.5 | Ashfield Shale n/a n/a n/a n/a Active Chatswood dive structure
BHO020 01/05/15 332695 6256655 78.5 35.9 15.1t021.1 Mittagong Formation 3.9 74.6 n/a 396 Active Artarmon
BHO019 17/04/15 333308 6255819 84.4 36.1 40t07.0 Residual 25 81.9 n/a 495 Active Crows Nest Station
BH018 30/04/15 333390 6255706 90.75 46.5 19.3t025.3 Mittagong Formation 12.9 77.8 n/a 420 Active Crows Nest Station
BH017 12/05/15 334111 6254365 62.9 49.5 35.0to0 38.8 Hawkesbury Sandstone 19.4 43.5 n/a 435 Active Victoria Cross Station
BH012 18/05/15 334486 6251171 24.3 49.0 25.2t0 31.2 Hawkesbury Sandstone 15.4 8.9 n/a 355 Active Martin Place Station
BH009 06/07/15 334356 6250387 25.4 35 19.1t021.0 Hawkesbury Sandstone 12.4 13.0 n/a 450 Active Pitt Street Station
BH008 17/06/15 334259 6250394 241 42.3 17t021.5 Hawkesbury Sandstone 21.4 2.7 n/a 818 Active Pitt Street Station
BHO006 02/08/15 334064 6249133 20.6 33 26.51t029.5 Hawkesbury Sandstone ?14.75 ?75.85 n/a 220 Active Central Station
BH404 26/06/15 333621 6247735 15.4 45.0 16.5t0 22.5 Hawkesbury Sandstone 6.1 9.2 n/a 856 Active Waterloo Station
BH403 18/06/15 333619 6247626 15.1 45.1 16.5t0 22.5 Mittagong Formation / 4.5 10.5 n/a 522 Active Waterloo Station
Hawkesbury Sandstone
BHOO02A | 20/04/15 331226 6246467 53 71 1.1t05.6 Residual 1.8 35 n/a 736 Active Marrickville dive structure
BHO002 21/04/15 331227 6246461 53 31.2 14 to 17 Ashfield Shale 25 2.8 n/a 402 Active Marrickville dive structure

a. SWL is standing water level; mBMP is metres below measuring point; mAHD is metres above Australian Height Datum (equivalent to mean sea level).
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3.4.2 Hydrogeological properties
Stratigraphy

As described in Section 4.1, the project consists of twin tunnels isolated from the groundwater environment by
pre-cast segmental lining. The rail tunnels are anticipated to have an internal diameter of 6.2 metres and would
transition through Ashfield Shale, Mittagong Formation and Hawkesbury Sandstone.

Central Station, Martin Place, Barangaroo and Victoria Cross Stations would be constructed within Hawkesbury
Sandstone. Waterloo Station would be constructed in Ashfield Shale or Hawkesbury Sandstone, depending on
the vertical alignment option selected. Pitt Street Station would be constructed in Mittagong Formation and
Hawkesbury Sandstone. Crows Nest Station would be constructed within Mittagong Formation and
Hawkesbury Sandstone.

The station shafts at Central Station would intersect Mittagong Formation, residual, Quaternary alluvium (not
Botany Sandbeds) and fill. The station shaft at Waterloo Station would encounter residual, aeolian sand and
Hawkesbury Sandstone. Pitt Street and Martin Place station shaft would intersect Mittagong Formation,
residual and fill. The Barangaroo Station shaft would intersect extensive near surface filling and then
Hawkesbury Sandstone. The Victoria Cross Station is not anticipated to encounter units other than
Hawkesbury Sandstone. The Crows Nest Station shaft would intersect Ashfield Shale and residual.

The Artarmon substation would be installed through Hawkesbury Sandstone.

The temporary site at Blues Point would be installed through Hawkesbury Sandstone and be backfilled following
construction.

The Chatswood dive structure would be constructed in the Ashfield Shale and residual. The Marrickville dive
structure would be constructed through variable depths of residual soils and then the Ashfield Shale.

Stratigraphic long-sections are presented in Appendix B.
Permeability

In general, the permeability of shale, siltstone and sandstone is low to very low, with the majority of groundwater
flow transmitted through joints and fractures rather than matrix porosity.

Table 3.6 presents the anticipated permeability of the various hydrogeological units based on literature values.

Table 3.6 : Anticipated Hydraulic Conductivity of Hydrogeological Units

Horizontal Hydraulic Lugeons (L/min/m | Vertical to Comment
Conductivity, K (m/s) at 1000kPa) Horizontal
Anisotropy®

Fill 1x10° to 1x107 100 to <1 1:1 variable
Residual Soil / Clay 1x10°to 1x10® 15to <1 1:10 low to very low
Ashfield Shale 1x107 to 1x10°® <1 1:10 to 1:100 very low to negligible
Mittagong 1x10°to 1x10® 100 to <1 1:10 to 1:100 interbedded shale and sandstone,
Formation low to very low
Hawkesbury 1x10°to 1x107 100 to <1 1:10 to 1:100 low to very low
Sandstone

a. Anisotropy is the difference in magnitude of a physical property in one direction compared to another.
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As part of an earlier railway project, there was an extensive program of investigation. That program comprised
boreholes as well as packer testing at selected locations. Packer tests were also conducted for the Sydney
Metro project. Table 3.7 presents the interpreted permeability, based on Lugeon Tests. Lugeon tests, or
packer tests are conducted on open boreholes. It is noted that Lugeon values are significantly influenced by the
presence of discontinuities in the rock matrix within the test interval. As such they do not necessarily represent
the bulk permeability of a hydrogeological unit, however, can provide a useful local scale assessment. Itis
critical, however, whether there is hydraulic connection to significant storage, as storage within rock aquifers
themselves is very low to negligible.

Storage

Storativity is the volume of water that a permeable unit will absorb or expel from storage per unit area per unit
change in hydraulic head.

In a confined aquifer, the hydraulic head may decline yet the potentiometric surface remains above the top of
the unit (Fetter, 1994). In this case, storativity is defined as S = Ss * b where Ss is the specific storage and b is
the aquifer thickness.

Specific storage, Ss, is defined as Ss = p,, * g(a + n * ) where p is density of water (~1,000kg/m’), g is
gravitational acceleration (9.806m/sz), a is compressibility of aquifer skeleton (m2/N), n is porosity and B is

compressibility of water (4.6x10™°m?/N).

The value of storativity of confined aquifers is of the order of 0.005 or less (Fetter, 1994).

For an unconfined aquifer, the level of saturation rises and falls with changes in the amount of water in storage
(Fetter, 1994). As the water level falls, groundwater is drained from connected pore spaces. In this case,
storativity is defined as S = S, + h * S; where S, is specific yield, h is thickness of saturated zone and Ss is

specific storage.

Specific yield is the drainable porosity. By way of example, clay has a high porosity, say 0.45 to 0.55, however,
its specific yield is very low, normally 0.02 to 0.05. By contrast, a well sorted sand can have a porosity of 0.25
and its specific yield can be 0.20.

The storativity of unconfined aquifers ranges from 0.02 to 0.30 (Fetter, 1994).



Technical Paper 7: Groundwater Assessment JACOBS

Table 3.7 : Estimated hydraulic conductivity derived from packer testing (earlier investigations and Sydney Metro City & Southwest?)

Test Interval Lugeons (L/min/m at Hydraulic Conductivity, K

BH003® Marrickville dive 331274 62246575 12.3-19.7 Ashfield Shale <1 <1.00E-07

BH003® Marrickville dive 331274 62246575 | 5.5 19.5-25.65 Ashfield Shale <1 <1.00E-07

BH003® Marrickville dive 331274 62246575 | 5.5 25.5-33.5 Mittagong Formation <1 <1.00E-07

BH006° Marrickville dive to Central 334070 6249138 20.5 9.0-16.5 n/a <1 <1.00E-07
Station

BH006° Marrickville dive to Central 334070 6249138 20.5 16.0-24.0 n/a <1 <1.00E-07
Station

BH006° Marrickville dive to Central 334070 6249138 20.5 23.5-33.0 n/a <1 <1.00E-07
Station

BH007° Marrickville dive to Central 334156 6249248 21.2 10.8-14.9 n/a 1.0 1.00E-07
Station

BH007° Marrickville dive to Central 334156 6249248 21.2 14.7-19.9 n/a 25 1E-07 to 6E-07
Station

R246_BH2103_66 | Marrickville dive to Central 333937 6249326 15.61 14.88-20.88 Mittagong Formation 1.8 1E-07 to