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1. Infroduction

On 22 March 1991 Sinclair Knight were appointed by the Major Projects

Division of the Property Services Group to confirm the feasibility of a high
speed transit system linking Central Railway and the Pyrmont Peninsula.

At the midpoint of this Study Sinclair Knight has prepared this discussion
paper to establish the engineering merits of both conventional heavy rail

and modern light rail options for this project.

The preparation of this paper defines the completion of the investigation
phase of the study. This investigation has focused on:-

O the development of a survey base upon which to layout the various
options

O the geological and geotechnical conditions particularly related to
tunnel construction near Central Railway

O the location of services in the potential rail corridors

O the collection of data for the various rail systems

O an understanding of the requirements of the various government
planning and services authorities

O an understanding of the planning requirements for the Pyrmont/Ultimo
areas.
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2. Description of Options

2.1 Route Description

The planning for redevelopment of the Pyrmont/Ultimo peninsula has
identified an anticipated high percentage of public transport usage. This
need will not be able to be met in the long term by bus. An alternative
high capacity link to these areas from the existing public transport
networks must be developed. This link will provide an impét@us to the
development in the early stages and meet the high passenger demand
projected for the development.

It is fortuitous that the Pyrmont Ultimo area is ringed by an existing two
track rail freight line. This line extends from near Redfern tunnels under
Lee and George Streets, along the Western edge of Darling Harbour then
in a north to south loop from the Maritime Museum to the Fish Markets
before extending westwards past Wentworth Park and beyond. The
closure of the Darling Harbour Goods Yard and Pyrmont Power Station
and the changed usage of the Pyrmont Bay wharves means that this
track has usage limited to very irregular through goods trips and
occasional steam train excursions and mobile display movements to the
Power House Museum siding.

The planning work to date has identified the opportunity for a rail link
between Central Railway and near the Fish Markets making maximum
use of the existing corridor but requiring a short link into or under the
Central Railway facilities.

2.2 Description of Existing Railway Asset

The condition of the existing railway track, its services, drainage,
supporting structures under and bridging structures over are of extremely
variable quality . They vary from recent high quality construction to 19th
Century works which are of limited benefit to a modern rail system. A
brief description of the existing infrastructure follows:

Redfern Railway to Ultimo Road

The tracks decline from the main western line to the north of Redfern
through a brick retained cutting entering into a tunnel which extends to
the west of Broadway. The tunnel is in effect a contir@o\s series of five
bridges the oldest one of which is a stone arch structure built under
George Street with more recent brick abutment and girder supported
decks supporting buildings and bridging Lee Street. The critical
structure is the George Street bridge which is limited to 7.6 metres
overall width.

The generally twin tracks are switched into a single track over this limited
length. The tracks are electrified in this segment although the overhead
wiring terminates at the western end of the tunnel.

SINCLAIR KNIGHT sb221.a02 2



The "tunnel” structures appear on a brief inspection to be sound and it
would be reasonable to expect that it would remain structurally sound
with suitable maintenance.

The trackwork, drainage and signalling would, however, require
considerable upgrade.

Ultimo Road Underbridge

From the tunnel the track continues at grade and crosses Ultimo Road
along a 3 girder riveted steel bridge. The bridge which was built around
the turn of the century shows serious deterioration particularly in the
abutments and the decking. Whilst it may, with detail investigation, prove
possible to retain this bridge after major strengthening and repairs it is
highly likely that the bridge will have to be replaced for both the heavy
and light rail options. To meet existing clearance standards it is likely
that the new bridge will have to be raised by approximately 1 to 1.5
metres and include a ballasted deck to minimise the noise impacts.

Ultimo Road to Union Street

This generally flat area extends along generally the western end of
Darling Harbour Development. The railway reserve is crossed by a
number of bridge structures including the William Henry Street road
bridge, numerous footbridges linking Ultimo and Darling Harbour the RTA
western distributer road viaducts and the TNT Monorail storage and
maintenance facilities. These structures provide adequate horizontal and
vertical clearance to the existing and any likely rail alignment.

The railway reserve is generally wide over this segment with adequate
space for any station which may be required. The trackwork and its
formation is generally poor in this area so that full reconstruction of the
trackwork and drainage is considered essential.

Union Street to Jones Bay Road

Union Street crosses the railway reserve cutting with a newly constructed
overbridge which has been designed to suburban rail clearance.
Immediately adjacent to this bridge is the continuation of the Pyrmont
Bridge and contiguous to the latter is the bridge accessing the wharves.
From previous experience with these structures during the Darling
Harbour Development, it is known that these bridges provide adequate
horizontal clearance for goods trains but inadequate height for overhead
electrification. The track reconstruction through these structures would
involve both lowering the track to provide adequate clearance and
substantial drainage works. Also from previous experience it is known
that these structures are of doubtful structural strength and durability.

Jones Bay Road and Pyrmont Street
CRI have had constructed a bridging slab over this area which will form
the foundation for a future housing development. This segment provides
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more than adequate clearances for any rail system. The covering of this
area will obviate the need for any major drainage work. This segment is
on a horizontal curve of approximately 240 metres radius.

Pyrmont Street to Harris Street

This sector continues the horizontal curvature in a deep (15 to 20 metre)
cutting. The width of cutting is sufficient to fit the station structures
without any additional excavation although the tight curvature may
present operational difficulties with the heavy rail station operation.

Harris Street to Miller Street

Soon after the Harris Street rail overbridge the railway passes through
tunnel excavated through high quality sandstone. This tunnel maintains
the tight curvature and horizontal clearances along the sector. Apart
from the new tracks and drainage work no additional work is anticipated
in this sector.

Miller Street to Wattle Street “—\

This section is now clear of the deep cutting of the peninsular with
relatively easy access from street level. It is crossed by numerous local
and freeway overbridges each of which provides adequate clearance for
any rail alignment. The reserve to the south of Pyrmont Bridge Road
provides some space somewhat broken up by bridge piers but
nonetheless suitable for train storage and maintenance facilities.
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3. Engineering Design Criteria

3.1 Introduction

In order to establish and evaluate the light and heavy rail options it is
necessary to define a concept design vehicle. The selection of the
ultimate vehicle type is outside of the scope of this study. The selection
process will involve the balancing of capital cost of vehicles and
infrastructure against the operational costs and benefits of each
evaluated system. However, for this study it is necessary to define the
characteristics of a concept vehicle:

O which is unlikely to have a more adverse civil engineering criteria
(structural gauge, overall length, maximum grades and curvature)
O incorporates the features of the most probable chosen unit.

The evaluation of the "civil engineering" feasibility therefore becomes
somewhat independent of the chosen vehicle in each of the way heavy
are light rail categories.

3.2 Light Rail Vehicles

With the renaissance of Rail Transit in North American since the 1970's
and the parallel development of new light rail systems in Europe and
more recently in Asia there is a substantial basis upon which to define
this vehicle. A summary of the engineering and transportation
characteristics of a single unit for some of these new systems is set out
in Table 3.1 below.

Table 3.1 - Passenger éapadty & Engineering Criteria

Location Manufacturer Pass. Capacity nloaded Length Width Maximum Maximum Minimum

Seated/Standing” (Total) ight (Tonnes) Overall overall Speed Grade Horizont
(metres) (metres) al
Radius
London Linke - 84/176 (260) 39.0 28 2.65 80 kph
Docklands Hormann
Busch

Hong Kong 60/130 (190) 80 kph

LRT

Grenoble Alssthom De 54/120 (174) 438 294 2.30 70 kph

LRT Dietrich

San Boeing 68/125 (193) 22.0 255 9% 16 m

Francisco

Boston Vertol (150 to 180) 220 2.55 9% 16m

Gothenberg Asea Traction 57/90 (147) 80 kph 17m

Melbourne Comeng 74/126 (200) 32.0 24 2.67 80 kph 9% 25m

LRV

Amsterdam 64/169 (233) 46.3 30.0 2.65 70 kph

Standards vary from 4 to 6 persons per square metre for standing floor space
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From this summary the following concept design vehicle unit is proposed
for this study.

Operating Mass: 50 tonnes

Dimensions Overall length - 28 metres (articulated)
Overall Width - 2.67 metres
Vehicle Height - 3.60 metres
Grades Absolute maximum - 9%
Desirable maximum - 7%
Horizontal Radius  Absolute minimum - 25 metres
Desirable minimum
(full speed) - 50 metres

Structural Gauge  Minimum travel

centres - 3.40 metres

Minimum height

(over pantograph) - 5.0 metres

Overall width

(2 tracks) - 7.6 metres
Power Supply 600 - 750 volts DC collected

by pantograph mounted atop car

Rail to overhead wire clearance
4.7 metre (notional)

Passenger Platform
Height 0.9 metres above rails

Fare Payment; Off vehicle fare payment (generally through
machine) with random on-vehicle verification.

The overhead wiring option has been adopted in lieu of the third rail
option because it provides the most adverse tunnel/overbridge clearance
criteria and provides operational benefits should heavy rail movements
(by the State Rail Authority) be made on the same tracks.

3.3 Heavy Rail Vehicles

As described in Section 2 the railway reserve traverses through a series
of overbridges and tunnels many of which were constructed in the last
century to a railway structure gauge somewhat less than existing SRA
metropolitan standards. In establishing the notional design vehicle for
the heavy rail option there are two alternatives.
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Alternative 1: Rebuild or modify all the structures adversely effected by a
Tangara type vehicle to the current structural gauge.

Alternative 2: Using the existing bogey and running gear configuration of
existing SRA carriages but with a reduced size body shell tailored to the
existing clearances.

It is anticipated that the design and development work (several million
dollars) of the Alternative 2 would somewhat balance the Alternative 1
civil engineering costs of the infrastructure reconstruction. For this
reason the Alternative 2 solutions has been adopted for this study.

The notional design vehicle unit is summarised as follows:

Passenger Capacity - 248
Dimension - Overall Length -  20.2 metres (Rigid)
- Overall Width - 3.07 metres
Operating Mass - 65 tonnes
Maximum Grade - 3%
Horizontal Radius - Absolute minimum 90 metres
Structural Gauge - Overall height (above rails) - 5.65
metres

3.4 Stations Criteria

Patronage figures based on figures prepared by Hyland, Joy and
Wardrop gives the following high peak hour estimates for the
Pyrmont/Ultimo rail system.

Year 2001 2011 2021

Maximum Hourly 3 330 7 620 13 830
Passenger Demand

Based on these figures it is proposed to plan the light rail platforms for

3 concept design units with a 2.5 minute headway for the year 2021

(ie 3 x 28 metres = 84 metres platform length) and the heavy rail unit with
6 units with a 6 minute headway (ie 6 x 20.2 = 122 metres platform
length). With the minimum headway criteria it is proposed to provide
platforms for both the up and down tracks with generally island platform
design with stairs or escalators out to either cross bridges or airspace
developments.
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4. Engineering Works for Heavy and Light Rail

Adopting the engineering criteria defined in Section 3 it is necessary to
evaluate the engineering/architecture work to develop an appropriate
modern rail system.

4.1 Central Railway Terminus Options

The development of a cost effective rail terminus at Central Railway is

clearly the most technically complex item in the scheme. It may involve

the crossing of trackwork approaches to some 26 platforms and it will
demand that easy and quick access be provided for bus and rail
commuters. Sources of substantial patronage would come from:

O the suburban rail network - which expels commuters from both the
northern end through tunnels and escalators to the interurban and
country platforms or alternatively through separate concourses to Eddy
Avenue and Elizabeth Street. The southern end of each suburban
platform links through twin tunnels to exits at the eastern end of the
Devonshire Street pedestrian tunnels thereby providing direct covered
pedestrian linkage to both Devonshire Street and George
Street/Broadway.

O the interurban rail network which currently exits passengers at the
northern end of the platforms only. City Rail has plans for
development of the existing baggage tunnels to provide amongst
other things an improved access to the Devonshire Street tunnel
concourse.

O Bus commuters to and from Eddy Avenue, Broadway and Elizabeth
Streets

The provision of a short direct pedestrian linkage from each of the
existing rail systems is an essential aspect of this planning. The two
solutions which best meet this objective are:

Location 1: New rail entry directly off the east-west concourse at the
southern end of Central. The further to the west this
entry is placed the shorter length of tunnelling will be
required but the more remote if will be from the centre of
gravity of commuters. The provision of a new rail
terminus entry at about existing platforms 14 and 15
offers the best compromise for this option.

Location 2: New rail entry of the eastern end of Devonshire Street
tunnel. This options permit easy and quick access from
the existing SRA barriers directly into the Ultimo Rail
system. The disadvantage of this location is that it is
remote from the interurban trains and it must be
constructed underground under the heavily trafficked
suburban rail tracks.
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