
Environmental Impact Statement

Appendix T  

M4-M5 Link

August 2017

Volume 2I





Appendix

Volume 2I

T	.............................................................................  Technical working paper: Groundwater





Appendix T
Technical working paper: Groundwater





 

 

Roads and Maritime Services 

WestConnex – M4-M5 Link 

Technical working paper: Groundwater  

August 2017 

 
 

 

 

 

 

Client: Roads and Maritime Services 

 ABN: 76 236 371 088  

 

Prepared by 

AECOM Australia Pty Ltd 
Level 21, 420 George Street, Sydney NSW 2000, PO Box Q410, QVB Post Office NSW 1230, Australia 
T +61 2 8934 0000  F +61 2 8934 0001  www.aecom.com 
ABN 20 093 846 925 

 

 

 

 

 

AECOM in Australia and New Zealand is certified to ISO9001, ISO14001 AS/NZS4801 and OHSAS18001. 

 

 

© AECOM Australia Pty Ltd (AECOM). All rights reserved. 

AECOM has prepared this document for the sole use of the Client and for a specific purpose, each as expressly stated in the 
document. No other party should rely on this document without the prior written consent of AECOM. AECOM undertakes no 
duty, nor accepts any responsibility, to any third party who may rely upon or use this document. This document has been 
prepared based on the Client’s description of its requirements and AECOM’s experience, having regard to assumptions that 
AECOM can reasonably be expected to make in accordance with sound professional principles. AECOM may also have relied 
upon information provided by the Client and other third parties to prepare this document, some of which may not have been 
verified. Subject to the above conditions, this document may be transmitted, reproduced or disseminated only in its entirety. 

 



 

 
 

(blank page) 

 



 

 

WestConnex – M4-M5 Link i 
Roads and Maritime Services 
Technical working paper: Groundwater 

Contents 
Glossary of terms and abbreviations ...................................................................................................... v 
Executive summary ................................................................................................................................. x 
1 Introduction ................................................................................................................... 1 

1.1 Overview of WestConnex and related projects ............................................................. 1 
1.2 Purpose of this report .................................................................................................... 4 
1.3 SEARs and Agency comments ..................................................................................... 4 
1.4 Structure of this report................................................................................................... 8 

2 The project .................................................................................................................... 9 
2.1 Project location .............................................................................................................. 9 
2.2 Overview of the project ................................................................................................. 9 
2.3 Construction activities ................................................................................................. 13 

3 Assessment methodology ........................................................................................... 24 
3.1 Relevant guidelines and policies ................................................................................. 24 
3.2 Key assumptions ......................................................................................................... 28 
3.3 Assessment methodology ........................................................................................... 28 

4 Existing environment ................................................................................................... 38 
4.1 Infrastructure ............................................................................................................... 38 
4.2 Rainfall and climate ..................................................................................................... 41 
4.3 Physiography .............................................................................................................. 43 
4.4 Existing surface water features ................................................................................... 43 
4.5 Soils ............................................................................................................................ 47 
4.6 Geology ....................................................................................................................... 51 
4.7 Geological features along the project footprint ........................................................... 55 
4.8 Hydrogeological setting ............................................................................................... 56 
4.9 Groundwater levels and movement ............................................................................ 62 
4.10 Groundwater extraction ............................................................................................... 75 
4.11 Regional hydraulic parameters ................................................................................... 77 
4.12 Groundwater inflow in other tunnels ........................................................................... 82 
4.13 Hydrogeochemistry ..................................................................................................... 83 
4.14 Contamination ............................................................................................................. 88 
4.15 Hydrogeological features along the project footprint .................................................. 90 
4.16 Surface water monitoring ............................................................................................ 92 

5 Assessment of construction impacts ........................................................................... 96 
5.1 Reduced groundwater recharge ................................................................................. 96 
5.2 Tunnel inflow ............................................................................................................... 96 
5.3 Predicted groundwater level decline ........................................................................... 97 
5.4 Groundwater level drawdown ..................................................................................... 98 
5.5 Groundwater quality .................................................................................................. 105 
5.6 Construction of ancillary infrastructure and facilities ................................................. 109 
5.7 Utility adjustments ..................................................................................................... 110 
5.8 Ground movement (settlement) ................................................................................ 110 
5.9 Groundwater balance ................................................................................................ 111 

6 Assessment of operational impacts .......................................................................... 113 
6.1 Reduced groundwater recharge ............................................................................... 113 



 

 

WestConnex – M4-M5 Link ii 
Roads and Maritime Services 
Technical working paper: Groundwater 

6.2 Tunnel inflow ............................................................................................................. 113 
6.3 Groundwater level decline ........................................................................................ 116 
6.4 Groundwater quality .................................................................................................. 126 
6.5 Impacts due to ancillary facilities and infrastructure ................................................. 129 
6.6 Barriers to groundwater flow ..................................................................................... 129 
6.7 Impact to the final landform ....................................................................................... 130 
6.8 Groundwater management ....................................................................................... 130 
6.9 Groundwater balance ................................................................................................ 130 
6.10 Climate change ......................................................................................................... 131 

7 Assessment of cumulative impacts ........................................................................... 132 
7.1 Requirement for an assessment of cumulative impacts ........................................... 132 
7.2 Quantitative cumulative impact assessment for the WestConnex projects .............. 132 
7.3 Quantitative assessment of future and current tunnel infrastructure projects .......... 139 
7.4 Summary ................................................................................................................... 140 

8 Management of impacts ............................................................................................ 142 
8.1 Management of construction impacts ....................................................................... 142 
8.2 Management of operational impacts ......................................................................... 144 
8.3 Management of cumulative impacts ......................................................................... 145 

9 Policy compliance ..................................................................................................... 146 
9.1 Aquifer Interference Policy ........................................................................................ 146 
9.2 Minimal impact assessment ...................................................................................... 146 
9.3 Licensing ................................................................................................................... 150 
9.4 Compliance with the Water Sharing Plan ................................................................. 150 

10 Conclusions ............................................................................................................... 152 
10.1 Potential impacts ....................................................................................................... 152 
10.2 Mitigation and management measures ..................................................................... 154 

11 References ................................................................................................................ 156 
 

List of Annexures 

Annexure A Site plans 

Annexure B Summary tables 

Annexure C Hydrographs 

Annexure D DPI-Water Groundwater database search 

Annexure E Hydrogeochemical plots 

Annexure F Project borelogs 

Annexure G Laboratory permeability and porosity data 

Annexure H Groundwater modelling report – HydroSimulations 

  



 

 

WestConnex – M4-M5 Link iii 
Roads and Maritime Services 
Technical working paper: Groundwater 

List of Tables 

Table 1-1 WestConnex and related component projects ........................................................................ 1 
Table 1-2 How SEARs have been addressed in this report ................................................................... 4 
Table 1-3 How agency comments been addressed in this report ........................................................... 6 
Table 2-1 Overview of construction activities ........................................................................................ 13 
Table 2-2 Construction program overview ............................................................................................ 16 
Table 2-3 M4 East Construction program overview .............................................................................. 18 
Table 2-4 New M5 Construction program overview .............................................................................. 19 
Table 2-5 Indicative tunnel lengths along the mainline tunnel and Rozelle interchange ...................... 20 
Table 3-1 Overview of relevant groundwater legislation and policy...................................................... 27 
Table 4-1 Summary of monthly rainfall and average evaporation (Station 66062) .............................. 41 
Table 4-2 Summary of groundwater levels measured in nested wells ................................................. 63 
Table 4-3 Summary of DPI-Water registered bores within two kilometres of the project footprint ....... 76 
Table 4-4 Groundwater extraction entitlement and limit ....................................................................... 77 
Table 4-5 Distribution of rock mass permeability .................................................................................. 81 
Table 4-6 Rock mass permeability statistics ......................................................................................... 81 
Table 4-7 Measured drainage rates from other Sydney tunnels........................................................... 83 
Table 4-8 Groundwater quality sampling program ................................................................................ 84 
Table 4-9 Groundwater aggressivity assessment ................................................................................. 87 
Table 4-10 Surface water monitoring locations..................................................................................... 92 
Table 4-11 Summary of the water monitoring program ........................................................................ 95 
Table 5-1 Groundwater extraction from the Metropolitan Regional Groundwater Resources during 
construction ........................................................................................................................................... 97 
Table 5-2 Predicted changes in baseflow at the end of construction (2023) ...................................... 104 
Table 5-3 Simulated groundwater balance – construction (2023) ...................................................... 111 
Table 6-1 Long term groundwater extraction from the Metropolitan Regional Groundwater Resources
 ............................................................................................................................................................ 114 
Table 6-2 Predicted long term changes in baseflow ........................................................................... 124 
Table 6-3 Estimated water balance – operational phase .................................................................... 131 
Table 7-1 Predicted maximum cumulative WestConnex tunnel inflows ............................................. 133 
Table 8-1 Construction mitigation and management measures ......................................................... 142 
Table 8-2 Operational mitigation and management measures ........................................................... 144 
Table 9-1 Minimal Impact Considerations for a ‘Less Productive Fractured Rock Aquifer’ ................ 147 
Table 9-2 Minimal Impact Considerations for a ‘Highly Productive Coastal Aquifer’ .......................... 148 
Table 9-3 Project compliance with the Water Sharing Plan ................................................................ 150 
 

List of Figures 

Figure 1-1 Overview of WestConnex and related projects ..................................................................... 3 
Figure 2-1 Overview of the project ........................................................................................................ 12 
Figure 2-2 Overview of project footprint and ancillary facilities ............................................................. 17 
Figure 2-3 Indicative extent of drained and undrained tunnel sections at Rozelle ............................... 21 
Figure 3-1 Groundwater management areas (from HydroSimulations 2017) ....................................... 26 
Figure 3-2 Location of monitoring wells ................................................................................................ 31 
Figure 3-3 Monitoring well construction – schematic diagram .............................................................. 32 
Figure 3-4 Groundwater model domain ................................................................................................ 35 
Figure 4-1 Existing and proposed major infrastructure ......................................................................... 40 
Figure 4-2 Average monthly rainfall compared to 2016 rainfall at Sydney Observatory ...................... 42 
Figure 4-3 Sydney rainfall residual mass – Sydney Observatory 1860 to 2016 ................................... 42 
Figure 4-4 Catchments and watercourses within the project footprint .................................................. 45 
Figure 4-5 Soils within the project corridor ............................................................................................ 49 
Figure 4-6 Acid sulfate soil risk map ..................................................................................................... 50 



 

 

WestConnex – M4-M5 Link iv 
Roads and Maritime Services 
Technical working paper: Groundwater 

Figure 4-7 Geology of the project footprint ........................................................................................... 52 
Figure 4-8 Hydrogeological cross-section A-A’ ..................................................................................... 60 
Figure 4-9 Hydrogeological cross-section B-B’ ..................................................................................... 61 
Figure 4-10 Groundwater contours – alluvium (Hawthorne Canal) ...................................................... 65 
Figure 4-11 Groundwater contours – alluvium (Whites Creek) ............................................................. 66 
Figure 4-12 Groundwater contours – Ashfield Shale (St Peters).......................................................... 69 
Figure 4-13 Groundwater contours – Ashfield Shale (Camperdown) ................................................... 70 
Figure 4-14 Groundwater contours – Ashfield Shale ............................................................................ 71 
Figure 4-15 Measured potentiometric heads – Hawkesbury Sandstone (Haberfield) .......................... 72 
Figure 4-16 Measured potentiometric heads – Hawkesbury Sandstone (Rozelle) .............................. 73 
Figure 4-17 Groundwater contours – Hawkesbury Sandstone ............................................................. 74 
Figure 4-18 Location of packer tests ..................................................................................................... 80 
Figure 4-19 Hydraulic conductivity value vs depth from packer tests ................................................... 82 
Figure 4-20 Location of surface water monitoring sites ........................................................................ 94 
Figure 5-1 Predicted water table drawdown for the project after construction – 2023 (from 
HydroSimulations 2017) ........................................................................................................................ 99 
Figure 5-2 Predicted drawdown in the alluvium after construction – 2023 (from HydroSimulations 
2017) ................................................................................................................................................... 100 
Figure 5-3 Predicted groundwater drawdown in the Ashfield Shale after construction – 2023 (from 
HydroSimulations 2017) ...................................................................................................................... 101 
Figure 5-4 Predicted groundwater drawdown in the Hawkesbury Sandstone after construction – 2023 
(from HydroSimulations 2017) ............................................................................................................ 102 
Figure 6-1 Predicted drawdown during operations for the project (Year 2100) (from HydroSimulations 
2017) ................................................................................................................................................... 119 
Figure 6-2 Predicted drawdown in the alluvium during operations for the project (Year 2100) (from 
HydroSimulations 2017) ...................................................................................................................... 120 
Figure 6-3 Predicted groundwater drawdown in the Ashfield Shale during operations for the project 
(Year 2100) (from HydroSimulations 2017) ........................................................................................ 121 
Figure 6-4 Predicted groundwater drawdown in the Hawkesbury Sandstone during operations for the 
project in (Year 2100) (from HydroSimulations 2017) ........................................................................ 122 
Figure 7-1 Predicted cumulative groundwater drawdown for the project (Year 2100) (from 
HydroSimulations 2017) ...................................................................................................................... 135 
Figure 7-2 Predicted cumulative groundwater drawdown in the alluvium (Year 2100) (from 
HydroSimulations 2017) ...................................................................................................................... 136 
Figure 7-3 Predicted cumulative groundwater drawdown in the Ashfield Shale (Year 2100) (from 
HydroSimulations 2017) ...................................................................................................................... 137 
Figure 7-4 Predicted cumulative groundwater drawdown in the Hawkesbury Sandstone (Year 2100) 
(from HydroSimulations 2017) ............................................................................................................ 138 



 

 

WestConnex – M4-M5 Link v 
Roads and Maritime Services 
Technical working paper: Groundwater 

Glossary of terms and abbreviations 
Term  Definition 
Aeolian Clays, silts and sands that have been deposited by wind 
AHD Australian Height Datum. The standard reference level used to express the 

relative elevation of various features. A height in metres AHD is essentially 
the height above sea level 

AIP  The Aquifer Interference Policy (AIP) is NSW government legislation 
administered by DPI-Water that explains the process of administering water 
policy under the Water Management Act 2000 (WM Act) for activities that 
interfere with the aquifer 

Alluvium Sediments (clays, sands, gravels and other materials) deposited by flowing 
water. Deposits can be made by streams on river beds, floodplains and 
alluvial fans 

Anisotropic The condition under which one or more of the hydraulic properties of an 
aquifer varies according to the direction of flow 

ANZECC Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
Aquiclude An aquiclude is a geological material through which zero flow occurs 
Aquifer Geologic formation, group of formations, or part of a formation capable of 

transmitting and yielding quantities of water 
Aquifer properties The characteristics of an aquifer that determine its hydraulic behaviour and 

its response to abstraction 
Aquitard A low permeability unit that can store groundwater and also transmit it 

slowly from one aquifer to another 
ARMCANZ Agriculture and Resource Management Council of Australia and New 
Arterial roads The main or trunk roads of the state road network 
Average recurrence 
interval (ARI) 

An indicator used to describe the frequency of floods. The average period in 
years between the occurrence of a flood of a particular magnitude or 
greater. In a long period of say 1,000 years, a flood equivalent to or greater 
than a 100 year ARI event would occur 10 times. The 100 year ARI flood 
has a one per cent chance (i.e. a one-in-100 chance) of occurrence in any 
one year. Floods generated by runoff from the study catchments are 
referred to in terms of their ARI, for example the 100 year ARI flood 

BoM Bureau of Meteorology 
Bore A cylindrical drill hole sunk into the ground from which water is pumped for 

use or monitoring 
Borehole A hole produced in the ground by drilling for the investigation and 

assessment of soil and rock profiles 
BTEXN Benzene, toluene, ethylbenzene, xylene and naphthalene 
Catchment The area from which a surface watercourse or a groundwater system 

derives its water 
CBD Central business district 
CEMP  Construction Environmental Management Plan. A plan developed for the 

construction phase of a project to ensure that all contractors and sub-
contractors comply with the environmental conditions of approval for the 
project and that environmental risks are properly managed 

Clearing The removal of vegetation or other obstacles at or above ground level 
Concept design Initial functional layout of a road/road system or other infrastructure. Used to 

facilitate understanding of a project, establish feasibility and provide basis 
for estimating and to determine further investigations needed for detailed 
design 

CSWMP Construction Soil and Water Management Plan 
Cumulative impacts Combination of individual effects of the same kind due to multiple actions 

from various sources over time 
Cut-and-cover A method of tunnel construction whereby the structure is built in an open 

excavation and subsequently covered 
DEC (NSW) Department of Environment and Conservation  
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Term  Definition 
Lugeon The lugeon (L) is a unit of measure to quantify hydraulic conductivity, 

generally used by geotechnical engineers in describing packer tests. 1L 
represents 1 x 10-7 m/sec (8.6 x 10-3 m/day in a homogeneous isotropic 
medium) 

Model area Area covered by the groundwater model as shown on Figure 3-4 
MODFLOW A three-dimensional finite-difference groundwater model 
NATA National Association of Testing Authorities 
NoW NSW Office of Water 
NSW EPA Environmental Protection Authority (NSW) 
OEH Office of Environment and Heritage 
OEMP Operational Environment Management Plan. A plan developed for the 

operational phase of a project to ensure that the operator complies with the 
environmental conditions of approval for the project and that environmental 
risks are properly managed 

Packer test A packer test is a technique used during the drilling of a borehole to 
measure the hydraulic conductivity of the lithology. Inflatable packers are 
lowered down the borehole to isolate the depth interval to be measured 

Palaeochannel Ancient river systems eroded deeply into the landscape and infilled with 
alluvial sediments. These systems often underlie modern creek or river 
systems but not always 

Palaeovalley Palaeovalleys are broad ancient features that are formed by 
palaeochannels incising the valley through the host rock. A palaeovalley 
can contain numerous palaeochannels 

PASS Potential acid sulfate soils 
Perched Water Unconfined groundwater held above the water table by a layer of 

impermeable rock or sediment 
PEST Parameter Estimation 
Piezometer (monitoring 
well) 

A non-pumping monitoring well, generally of small diameter that is used to 
measure the elevation of the water table or potentiometric surface. A 
piezometer generally has a short well screen through which water can enter 

Pleistocene A geological epoch or time period that extends from the 2,6000,000 years 
before present to the Holocene epoch 11,700 years before present 

Pollutant Any matter that is not naturally present in the environment 
Project footprint The land required to construct and operate the project. This includes 

permanent operational infrastructure (including the tunnels), and land 
required temporarily for construction 

RCH Recharge. The process that replenishes groundwater usually by rainfall 
infiltration to the water table and by river water entering the saturated 
aquifer; the addition of water to an aquifer 

REF Review of environmental factors 
Revegetation Direct seeding or planting (generally with native species) within an area in 

order to re-establish vegetation that was previously removed from that area 
Riparian Relating to the banks of a natural waterway 
RIV Rivers 
Roads and Maritime Roads and Maritime Services 
Runoff The portion of water that drains away as surface flow 
Salinity The concentration of dissolved salts in water, usually expressed in EC units 

or milligrams of total dissolved solids per litre (mg/L TDS). The conversion 
factor between EC and mg/L is dependent on the chemical composition of 
the water, but a conversion factor of 0.6 mg/L TDS = 1EC unit is commonly 
used as an approximation 

SEARs Secretary’s Environmental Assessment Requirements 
Secant pile wall A continuous barrier wall formed by constructing intersecting reinforced 

concrete piles socketed into bedrock 
Sensitive receiver A location where a person works or resides, including residential, hospitals, 

hotels, shopping centres, play grounds, recreational centres or similar 
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Term  Definition 
Slug test A hydraulic test conducted in a monitoring well to measure the hydraulic 

conductivity of the screened lithology. The test is conducted by adding or 
removing a slug of water and monitoring the response 

SMC Sydney Motorway Corporation 
SSI State significant infrastructure 
Steady state Steady state flow conditions occur when the magnitude and direction of flow 

is constant across the whole model domain.  Compare to transient flow 
conditions 

Storativity The volume of water an aquifer releases from, or takes into storage, per unit 
surface area of the aquifer per unit change in head. It is equal to the product 
of specific storage and aquifer thickness. In an unconfined aquifer the 
storativity is known as the specific yield 

Study area The area which is included in the groundwater assessment and in which 
there may be groundwater interaction or potential groundwater impacts 
occur as a result of the project 

Surface water Water flowing or held in streams, rivers and other wetlands in the landscape 
Tanked structure A tanked structure is constructed with a fully impermeable casing or 

membrane that reduces inflows to such an extent that for all intents and 
purposes are considered negligible 

THR Total recoverable hydrocarbons 
Transient conditions During transient flow conditions the magnitude and direction of flow change 

with time in accordance with impacts imposed within the model domain 
Tributary A river or stream flowing into a larger river or lake 
Trough structure A construction technique at the transition from the portal to the tunnel, 

commonly constructed in poor ground conditions such as alluvium or 
weathered bedrock. The trough structure is a rectangular shape with no 
surface covering. 

Tunnel portal  The entrance/exit to the tunnel 
Vadose zone Within an aquifer the vadose zone is the unsaturated zone between the 

water table and ground surface 
Vulnerable As defined under the Threatened Species Conservation Act 1995 (NSW), a 

species that is facing a high risk of extinction in NSW in the medium-term 
future 

VWP Vibrating wire piezometers 
Water table The surface of saturation in an unconfined aquifer at which the pressure of 

the water is equal to that of the atmosphere 
Waterway Any flowing stream of water, whether naturally or artificially regulated (not 

necessarily permanent) 
WM Act Water Management Act 2000 (NSW) 
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1 Introduction  
NSW Roads and Maritime Services (Roads and Maritime) is seeking approval to construct and 
operate the WestConnex M4-M5 Link (the project), which would comprise a new multi-lane road link 
between the M4 East Motorway at Haberfield and the New M5 Motorway at St Peters. The project 
would also include an interchange at Lilyfield and Rozelle (the Rozelle interchange) and a tunnel 
connection between Anzac Bridge and Victoria Road, east of Iron Cove Bridge (Iron Cove Link). In 
addition, construction of tunnels, ramps and associated infrastructure to provide connections to the 
proposed future Western Harbour Tunnel and Beaches Link project would be carried out at the 
Rozelle interchange. 

Together with the other components of the WestConnex program of works and the proposed future 
Sydney Gateway, the project would facilitate improved connections between western Sydney, Sydney 
Airport and Port Botany and south and south-western Sydney, as well as better connectivity between 
the important economic centres along Sydney’s Global Economic Corridor and local communities. 

Approval is being sought under Part 5.1 of the Environmental Planning and Assessment Act 1979 
(NSW) (EP&A Act) for the project. A request has been made for the NSW Minister for Planning to 
specifically declare the project to be State significant infrastructure and also critical State significant 
infrastructure. An environmental impact statement (EIS) is therefore required. 

1.1 Overview of WestConnex and related projects 
The M4-M5 Link is part of the WestConnex program of works. Separate planning applications and 
assessments have been completed for each of the approved WestConnex projects. Roads and 
Maritime has commissioned Sydney Motorway Corporation (SMC) to deliver WestConnex, on behalf 
of the NSW Government. However, Roads and Maritime is the proponent for the project.  

In addition to linking to other WestConnex projects, the M4-M5 Link would provide connections to the 
proposed future Western Harbour Tunnel and Beaches Link, the Sydney Gateway (via the St Peters 
interchange) and the F6 Extension (via the New M5).  

The WestConnex program of works, as well as related projects, are shown in Figure 1-1 and 
described in Table 1-1. 

Table 1-1 WestConnex and related component projects  

Project Description Status 
WestConnex program of works 
M4 Widening  Widening of the existing M4 Motorway from 

Parramatta to Homebush. 
Planning approval under the 
EP&A Act granted on 21 
December 2014. 
Open to traffic. 

M4 East 
  

Extension of the M4 Motorway in tunnels between 
Homebush and Haberfield via Concord. Includes 
provision for a future connection to the M4-M5 
Link at the Wattle Street interchange. 

Planning approval under the 
EP&A Act granted on 11 
February 2016. 
Under construction. 

King Georges 
Road 
Interchange 
Upgrade 

Upgrade of the King Georges Road interchange 
between the M5 West and the M5 East at Beverly 
Hills, in preparation for the New M5 project. 

Planning approval under the 
EP&A Act granted on 3 March 
2015. 
Open to traffic. 

New M5 
 

Duplication of the M5 East from King Georges 
Road in Beverly Hills with tunnels from 
Kingsgrove to a new interchange at St Peters. 
The St Peters interchange allows for connections 
to the proposed future Sydney Gateway project 
and an underground connection to the M4-M5 
Link. The New M5 tunnels also include provision 
for a future connection to the proposed future F6 
Extension. 

Planning approval under the 
EP&A Act granted on 20 April 
2016. 
Commonwealth approval under 
the Environment Protection and 
Biodiversity Conservation Act 
1999 (Commonwealth) granted 
on 11 July 2016. 
Under construction. 
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Project Description Status 
M4-M5 Link  
(the project) 
 

Tunnels connecting to the M4 East at Haberfield 
(via the Wattle Street interchange) and the New 
M5 at St Peters (via the St Peters interchange), a 
new interchange at Rozelle and a link to Victoria 
Road (the Iron Cove Link). The Rozelle 
interchange also includes ramps and tunnels for 
connections to the proposed future Western 
Harbour Tunnel and Beaches Link project. 

The subject of this EIS. 

Related projects 
Sydney 
Gateway 

A high-capacity connection between the St Peters 
interchange (under construction as part of the 
New M5 project) and the Sydney Airport and Port 
Botany precinct. 

Planning underway by Roads 
and Maritime and subject to 
separate environmental 
assessment and approval. 

Western 
Harbour Tunnel 
and Beaches 
Link 

The Western Harbour Tunnel component would 
connect to the M4-M5 Link at the Rozelle 
interchange, cross underneath Sydney Harbour 
between the Birchgrove and Waverton areas, and 
connect with the Warringah Freeway at North 
Sydney.  
The Beaches Link component would comprise a 
tunnel that would connect to the Warringah 
Freeway, cross underneath Middle Harbour and 
connect with the Burnt Bridge Creek Deviation at 
Balgowlah and Wakehurst Parkway at Seaforth. It 
would also involve the duplication of the 
Wakehurst Parkway between Seaforth and 
Frenchs Forest. 

Planning underway by Roads 
and Maritime and subject to 
separate environmental 
assessment and approval. 

F6 Extension A proposed motorway link between the New M5 
at Arncliffe and the existing M1 Princes Highway 
at Loftus, generally along the alignment known as 
the F6 corridor. 

Planning underway by Roads 
and Maritime and subject to 
separate environmental 
assessment and approval. 
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SEARs  
3. 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: 

(a) natural processes within rivers, wetlands, estuaries, 
marine waters and floodplains that affect the health of the 
fluvial, riparian, estuarine or marine system and landscape 
health (such as modified discharge volumes, durations and 
velocities), aquatic connectivity and access to habitat for 
spawning and refuge;  

Construction and operational impacts 
are outlined in Chapters 5 and 6 and 
cumulative impacts in Chapter 7, as 
informed by numerical modelling 
section 3.3.3) and Annexure H. 
Impacts to surface water features 
including water courses, groundwater 
dependent ecosystems are discussed 
in sections 5.4.2 and 6.3.5). 

Existing surface water features are 
outlined for: water courses, estuaries 
and fluvial systems) (section 4.4.1) 
Marine waters and floodplains (section 
4.4.2), groundwater dependent 
ecosystems (section 4.4.3) and 
wetlands (section 4.4.4) aquatic 
habitat (section 4.4.5) 

(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; 

Impacts to temporary and permanent 
groundwater flow are outlined for 
construction and operation in Chapters 
5 and 6. In particular, extent of 
drawdown (sections 5.4 and 6.3), 
ancillary infrastructure (sections 5.6 
and 6.5) barriers to flows (section 6.6), 
implications for groundwater dependent 
surface flows (sections 5.4.2 and 
6.3.5), groundwater dependent 
ecosystems (sections 5.4.1 and 6.3.3) 
and groundwater users (sections 5.4.3 
and 6.3.4) and settlement (sections 
5.8 and 6.3.6) are assessed. 

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

Groundwater take has been modelled 
(Annexure H) for the construction and 
operational phases and is discussed in 
Chapters 5 and 6. Surface water take 
is outlined in Appendix Q of the EIS.  

5. The assessment must include details of proposed surface 
and groundwater monitoring. 

Proposed groundwater monitoring is 
outlined in Sections 5.5.7, 6.4.5, 8.1, 
and 8.2. Surface water monitoring is 
outlined in section 4.16 and in more 
detail in Appendix Q (Technical 
working paper: Surface water and 
flooding) of the EIS.  

6. The proposed tunnels should be designed to prevent 
drainage of alluvium in the palaeochannels. 

Sections 5.4.2 and 6.2. The project 
tunnels have been designed to avoid 
palaeochannels where possible. At the 
Rozelle Rail Yards tunnels intersecting 
the alluvium are to be fully lined to 
prevent direct inflow of groundwater 
from the alluvium. 
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Table 2-2 Construction program overview 

Construction activity 
Indicative construction timeframe 

2018 2019 2020 2021 2022 2023 
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Q
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Q
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Mainline tunnels 

Site establishment and 
establishment of 
construction ancillary 
facilities 

                        

Utility works and 
connections 

                        

Tunnel construction                         

Portal construction                         

Construction of permanent 
operational facilities 

                        

Mechanical and electrical 
fitout works 

                        

Establishment of tolling 
facilities 

                        

Site rehabilitation and 
landscaping 

                        

Surface road works                         

Demobilisation and 
rehabilitation 

                        

Testing and commissioning                         

Rozelle interchange and Iron Cove Link 

Site establishment and 
establishment of 
construction ancillary 
facilities 

                        

Utility works and 
connections and site 
remediation 

                        

Tunnel construction                         

Portal construction                         

Construction of surface 
road works 

                        

Construction of permanent 
operational facilities 

                        

Mechanical and electrical 
fitout works 

                        

Establishment of tolling 
facilities 

                        

Site rehabilitation and 
landscaping 

                        

Demobilisation and 
rehabilitation 

                        

Testing and commissioning                         
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2.3.2 Other project specific aspects 

Construction program for M4 East and New M5 

The construction programs for the M4 East and New M5 as outlined in their respective EIS’s 
commenced in 2016 and are planned for completion in 2019 and 2020 respectively as outlined in 
Table 2-3 and Table 2-4. These construction programs overlap with the M4-M5 Link construction 
program and have been included in the groundwater model to assess cumulative construction 
impacts.  

Table 2-3 M4 East Construction program overview 

Construction Activity Indicative construction timeframe 

 2016 2017 2018 2019 

Shaft and decline excavations (all sites)                 

Tunnelling (excavation)                 

Tunnel drainage and pavement works                 

Tunnel mechanical and electrical fitout                 

Tunnel completion works                 

Homebush Bay Drive ramps                 

M4 Surface works                 

Western ventilation facility                 

Powells Creek on-ramp                 

Concord Road interchange                 

Wattle Street interchange                 

Parramatta Road interchange                 

Eastern ventilation facility                 

Cintra Park fresh air supply facility                 

Cintra Park water treatment facility                 

Motorway operations complex                 

Mechanical and electrical fitout works                 

Site rehabilitation and landscaping                 

Source: WestConnex Delivery Authority 2015 
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Table 2-4 New M5 Construction program overview 

Construction Activity Indicative construction timeframe 

 2016 2017 2018 2019 

Site establishment and establishment of construction 
ancillary facilities 

                

Landfill closure works                 

Construction of western surface works                 

Tunnel construction                 

Construction of St Peters Interchange                 

Portal construction                 

Construction of local road upgrades                 

Construction of permanent operational facilities                 

Mechanical and electrical fitout works                 

Establishment of tolling facilities                 

Demobilisation and rehabilitation                 

Source: Roads and Maritime 2015 

Tunnel lining 

The project is designed predominately as a drained tunnel. That is, the tunnel would allow 
groundwater to seep into the tunnel with the water being collected in the tunnel drainage system, 
draining to sumps where the water is pumped to the surface for treatment. Drained tunnels are 
typically constructed in competent rock such as the Hawkesbury Sandstone and are typically 
constructed with some waterproofing to reduce groundwater inflows along particular tunnel sections. 
Allowing groundwater flow into the tunnel reduces an external hydrostatic pressure building up behind 
any tunnel lining in an undrained scenario, placing less stress on the underground infrastructure. It is 
intended that the waterproofing and drainage requirements for the M4-M5 Link tunnels would be 
consistent, as far as possible, the adjoining New M5 and M4 East tunnels.  The exception is that at 
that tunnels intersecting alluvium beneath the Rozelle Rail Yards are to be constructed as tanked 
(undrained) tunnels to prevent alluvial groundwater inflow to the tunnels.  

Where the tunnels or cut-and-cover sections intersect alluvium, or deeply weathered sandstone, 
groundwater inflows are likely to exceed inflow from the sandstone without the use of water proofing. 
To restrict groundwater inflow and potentially contaminated groundwater inflow into the tunnels, 
driven tunnel sections and cut-and-cover sections excavated within the alluvium and poor quality 
sandstone are to be tanked. Cut-and-cover sections through the alluvium would be constructed with 
diaphragm walls or secant pile walls, for example. This approach of restricting groundwater flow from 
the alluvium to minimise any contaminant migration is in accordance with the recommendations of 
DPI-Water.  

The decision whether to tank parts of the tunnel or to construct an undrained tunnel is based on the 
lithology intersected, and whether to restrict potentially large groundwater inflows to mitigate potential 
impacts. Other considerations as to whether or not to tank the tunnels are to compare the two options 
through a whole of life cost assessment. Under a tanking scenario, the construction costs are 
substantially higher but ongoing maintenance and operation costs associated with corrosion of 
drainage and treatment systems are reduced. Conversely in a predominately un-tanked scenario, the 
construction costs would be lower but the ongoing maintenance costs of water collection and ongoing 
treatment and disposal of groundwater would be higher. 

Based on the current design, the total length of tunnel sections, including ventilation shafts, for the 
Rozelle interchange, Iron Cove Link, Western Harbour Link stub tunnels and mainline tunnels is 
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47,943 metres. Of this total 44,951 metres are drained tunnels and 2,992 metres are undrained 
tunnels as summarised in Table 2-5 The tunnel sections at Rozelle outlining lengths of drained 
tunnels, tanked tunnels, cut and cover sections, trough structures and ventilation tunnels is shown on 
Figure 2-3. The design, and subsequent length of tunnel sections, may change during detailed 
design. A detailed groundwater model will be developed by the construction contractor. 

The tunnel lengths for the mainline tunnel and Rozelle interchange are summarised in Table 2-5. In 
the Rozelle interchange, the percentage of tanked tunnel (6.2 per cent) is higher than along the 
mainline tunnel (1.8 per cent) due to the presence of alluvium associated with the Whites Creek 
palaeochannel at Rozelle.  

Table 2-5 Indicative tunnel lengths along the mainline tunnel and Rozelle interchange 

Tunnel elements Mainline tunnel (m) Rozelle interchange (m) Total 
 Drained Undrained Drained Undrained  
Motorway tunnel length 19,556 2,006 19,504 986 42,052 
Other tunnel length (ventilation 
tunnels and construction access 
tunnels) 

1,248 - 4,643 - 5,891 

Total 20,804 2,006 24,147 986 47,943 
Total drained     44,951 
Total undrained     2,992 

During construction, local grouting may be required in some sections of the tunnels to reduce rock 
permeability in order to meet the groundwater inflow criterion of one litre per second per kilometre for 
any kilometre length of tunnel. As such, the approach to control water ingress into the undrained 
tunnel through rock defects consists of a suite of options, ranging from areas where no waterproofing 
may be required to areas where grouting or tanking may be required and/or a membrane may need to 
be applied to divert water into the drainage system.  

There are some parts of the tunnel that would intersect fractured shale and secondary geological 
structural features such as faults, joint sets, dykes and shear zones, which without waterproofing, 
could result in higher groundwater ingress to the tunnel above the design criterion. At the portals, 
where the tunnels dive below the ground surface, cut-off walls would be installed along cut-and-cover 
sections to reduce groundwater ingress into the portals. At the Wattle Street interchange, portal cut-
off walls would be required to reduce groundwater ingress from the alluvium. Similarly, at the Rozelle 
interchange, the cut-and-cover approaches from the west and some portals would be constructed 
within saturated alluvium and would require excavation support options such as diaphragm walls or a 
cut-off wall option (for example) to control groundwater. During construction, localised dewatering 
within the alluvium may also be required. In this case dewatering is the process of removing 
groundwater from part of an aquifer, by pumping or some other mechanism, to produce temporary dry 
conditions during construction. Once the dewatering is completed and the pumps are switched off, 
groundwater levels would return to their natural pre-construction conditions.  

In areas of high local hydraulic conductivity and elevated groundwater ingress, the natural rock mass 
permeability would be reduced during construction, for example by the use of shotcrete and grout. 
Various construction methodologies would be required to reduce groundwater ingress to below the 
limit of one litre per second across any given kilometre of tunnel. The methods to reduce groundwater 
ingress would be confirmed during detailed design and potentially include the option of installation of 
tunnel lining progressively as the roadheaders advance.  
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Figure 2-3  Indicative extent of drained and undrained tunnel sections at Rozelle 21
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Figure 3-1 Groundwater management areas (from HydroSimulations 2017) 
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