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Introduction

London is growing rapidly. By 2031,

there will be an extra1.8m people
living and working in the Capitald
thatds an extra
every three days. As a result,
demand for Transport for London
(TfL) servicesd Underground,
Overground, Docklands Light

Railway and Tramsd is growing too.

In 2013-14, London Underground
alone carried over 1.25 billion
customers.

Our vision is to be world class
despite the challenge o delivering
improved services to an ever
growing population.

We have recently started to
experience the benefits of the
renewal and modernisation of
many of our lines in the level of
service and comfort we offer.

Our approach is defined by four
prioriti es. These aresafety and

reliability, maximising capacity from

the existing network, growing the
network and meeting the growing
expectations of our customers by
providing excellent customer
service.

Our aim is to achieve a steady state
of renewal where modernisation is
a continual process, built into our

T udveryday oparations.dtiswile o p | e

minimise disruption and will also
provide best value for London and

the UK, as well as creating certainty

for our supply chain and
consequently greater value for
money.

In order to achieve this aim, we
must first finish the network

moderni sati on weodve

Around two -thirds of our lines are
being or havealreadybeen
modernised. We aredelivering
world class service frequencies on
the Victoria and Jubilee lines as a
result of this investment, with work
underway to achieveeven higher
frequencies.

This year, the Northern line upgrade

will deliver a 20 per cent increase in
capacity and works continue to
modernise the Circle, District,
Hammersmith & City and
Metropolitan lin es.

The introduction of Crossralil
servicesin 2018 will also contribute
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to the growth of our network,
increading rail-based capacity in
London by 10 per cent.

By the 2020s, the Bakerloo, Central,
Piccadilly and Waterloo & City lines
will be operating the oldest trains
and signalling on the Tube. We are
therefore developing a progranme
for a comprehensive modernisation
ofthese O0deep
first time, we are procuring a single
train fleet and signalling system.
We expect the Piccadilly line to be
first, with modern, air-cooled trains
entering service in the early 2020s
and the full modernisation
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complete by 2025. The remaining
lines will follow in a sequence
which will maximise the benefit
from our investment.

This comprehensive modernisation
programme for the deep Tube lines
is referred to asthe New Tube for
London (NTfL) programme.

A feasibility study has been
bohdi&edl to exaifie the Bchinical
challenges of deliveringthis
programme and this report
documents the s t u dresuts.



Context

Strategy

TfLO major programme of investment to
upgrade its existing lines and stations,
and implement new or extended rail
servicesaims to contribute to the

Mayords Transport Str

the goals of:

1 Supporting economic development
and population growth

1 Enhancing the quality of life for
Londoners

1 Improving transport opportunities f or
Londoners

1 Improving the safety and security of
Londoners

In meeting these goals and ensuring the
transport needs of London are met, TfL

Rail & Undergroundhas established four
key priorities for its business, as follows:

Chesham
Amersham

Uxbridge

EE

Heathrow Terminal 5

London Underground Peak Hour Crowding
in 2021 with committed upgrades

TfL Rail& Underground Priorities

Improve reliability andadety
Improve customer service
Increase capacity from current network

Increase capacity by growing the network

The NTfL programme provides the
opportunity to advance three of these
key TfL Rail & Underground priorities on
the deep Tube lines: improving reliability
and safety; improving customer service;
and increasing capacity from the current
network.

nnnnnn

Maximal Crowding (> 4 pax/m’)

Very Crowded (2-4 pax/m?)

Busy (0-2 pax/m?)

Seats Available
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Context

System Constraints

The Edwardian-era tunnel infrastrucure comprised the Baker St & Waterloo, the
presents a formidable challenge to the Piccadilly & Brompton and the

modernisation of the deep-level Tube Hampstead Tube line.

lines. Legacy Constraints-Today ds fi xed
As a system, these lines were not infrastructure constraints on the deep

designed to dissipate increasinglevels of tube lines originate from their

heat from traction energy, leading to a construction, including: 3.5m diameter

steady rise in tunnel and station bored circular tunnels, cast iron tunnel
temperatures since the lines opened in linings and the line topography. The tight

the early 1900s. curvature of lines in the central London

area reflects the arrangement of the
street plan above ground.

Pioneering Technology- The advent of

the new tunnelling shield method and
electric traction enabled the construction
of the worldds first
railway in 1890 with the opening of the

City & South London Railway between
Stockwell and the City. This was followed

in 1898 by the Waterloo & City railway

and in 1900 the Central London Railway.

i o |, ¢

Additionally, the fixed platform lengths,
their depth below ground and sub-
optimal ventilation systems are all
legacies of the original design. The
insulated four-rail direct current traction

4 ; supply still in use today was first
\ i% 74 ' e e 4 L introduced with the early deep tube lines.
Private Enterprise- By 1907 the network The deep-level tubes present physical
of the deep tube lines in central London constraints which severely limit the
had been firmly established by private potential for capacity enhancement.
entrepreneurs and financiersd notably These require bespokeand unique
Charles Tyson Yerkes. The Underground applications for key assets such as rolling
Electric Railways of London group stock.
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Context
Asset Renewal

Rolling Stock: Legacy trains

The Bakerloo line trains are now over 40
years old and although efurbished in the
1990s are beyond their design life and
require urgent replacement. Targeted
investment is required to maintain the
condition and performance of the 36-
train 1972 Tube Stock fleet until its
renewal in the 2020s

The 86 Piccadilly line trains have
benefitted from an extensive
refurbishment in the late 1990s. This
1973 Tube Stockis beyond its design life
o with reliability ever-more difficult to
maintain d and in urgent need of

replacement.

The 90 trains of Central line and Waterloo

& City line 1992 Tube Stock are equipped

with the first generation of solid state
direct current thyristor control traction

equipment. Although relatively modern
and well with in their design life, work is
required in the medium term to ensure
the continued reliability of the traction
control equipment and maintain fleet
serviceability until renewal in the late
2020s.

LegacySignalling & Control Systems

The Bakerloo and kccadilly lines are
equipped with electro-mechanical, fixed
block signdling systems dating from the
1970s and 1980s. With relaybased
interlockings, track circuits and line side
signals for manual driving, theselegacy
systems limit the service frequencies to
22 trains perhour (tph) on the Bakerloo
and 24 tph on the Piccadilly line.
Obsolete line control systems and
control room facilities on both lines are a
priority for renewal.

The Central line was resignalled in the
1990s with a Westinghouseautomatic
train control and train protection system
to enable Automatic Train Operation. At
present, apeak serviceof up to 34 tph is
achievedduring the busiest half hour of
each peak
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New Tube for London programme

Vision

The New Tube for London programme aims to provide extra capacity through the
renewal of ageing assets by deliveringa coordinated series of line modernisations for the
Bakerloo, Central, Piccadilly and Waterloo & City lines. This programme supports the
priorities of improving reliability and safety; improving customer service; and increasing
capacity from the current network through the following:

Comprehensive line modernisation Capacity

strategy Catering SBgawthbyondonod
Delivering asset renewals in a more significant increasng customer capacity
comprehensive, consistent and whilst improving energy efficiencyto
systematic manner than previously achievea sustainable line upgrade
achieved solution

Technology and asset renewal Customer experience

Transforming the operating and Introducing a new generation of energy
maintenance model through asset efficient, air-cooled, high capacity Tube
renewals and technology-enabled trains and adopting highly-reliable
change; adopting resilient models of management and control systems to
service delivery through higher levels of deliver animproved service experience
automation
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New Tube for London programme

Status

In 2011, TfL began to develop a
coordinated series of modernisations for
those lines not commenced under the
London Underground (LU) Public Private
Partnership (PPP) the Bakerloo, Central,
Piccadilly andWaterloo & City lines.

Following the completion of extensive
preparatory work, the TfL Board
approved the commencement of the
Feasibility Sage in July 2012 After
confirmation of the strategic priority and
funding status of the programme in
December 2012 the TfL Board approved
t he pr o goordimatiendrsough to
a defined Gateway assurance stageGate
B).

The resulting feasibility studies, which are
now complete, comprised a
comprehensive programme of technical
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studies, safety analysis, operational
design and strategic option appraisalto
assessthe optimum scope, sequence and
business case for line upgrades delivery
based on:

1 An unconstrained view of future
operations and systems design forthe
next generation of upgrades

1 Research and benchmarkingo capture
global metro best practice (see blue
boxes in this report for key findings)

At the end of the feasibility stage, the
NTfL concept reached asufficient level of
maturity for the TfL Boardto authorise
the next stage of the programme, the
Design andSpecification Sage.
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Feasibility challenges

The Feasibility Sage was initiated to
examine the key challengesin
modernising the remaining deepTube
lines and to respond to the following
requirements:

Capacity

The deepTube lines have fundamental
system design constraints, especially in
the central area tunnelled sections. New
build metros provide high levels of
capacity using long,larger-gauge trains,
which are not possible on our Tube
infrastructure.

Significant increases in cpacity can,
however, be realised through the
coordinated application of new trains and
control systems underpinned by changes
to the physical infrastructure. The
potential for improvement on each line is
unique to the particular constraints of
that line.

KBenchmarkFinding The level of trainm

per hour (tph) chosen by metros is
the result of a myriad of system
design factors (.g.train length, wheel
type, signalling system), customer
service / operational factors (e.g.
dwell times, crowding levels, access /
egress), and business objectives
There is an optimal level for each
metro / line but this varies between

applications.

The challenge is therefore to ensure that
service provision on the deep Tube lines
is optimised within the limits of the
infrastructure constraints to provide the
maximum capacity to meet future
demand levels.

Saloonair cooling

Customer expectations regardng public
transport vehicle temperatures have been
influenced by the introduction of cooling
systems on new trains and buses
includingL ondon
Sock being introduced on the Sub
Surfacelines (Circle, District,
Hammersmith & City and Mdropolitan
lines). The deepTube tunnels present a
constrained environment for such
technology, with the need to consider
the installation of cooling equipment
within the restricted Tube gauge and
dissipation of heat.

The challenge isto determine wheth er
saloon air-cooling technology can be
deployed on new trains in the deep Tube
environment.

Managingtunnel temperatures

Saloon aircooling and operation of fast,
high-frequency services will increase
energy and heatin the tunnels.

The challenge is to déermine how tunnel
temperatures can be managedwhilst
enablingthe benefits of air-cooling and
capacity enhancements

New Tube for London - Feasibility Stage Summary
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Higher Levels of Automation

The NTIL rolling stock and signalling
systems will be designed for a service life
of around 40 years. The pae of
technology development and the
experiences of other world metros in
retro-fitting legacy lines with fully
automatic systems highlight the
opportunity to introduce higher levels of
automation on the deep Tube lines during
the life of the upgraded sysem.

The challenge is to determine whether
technology advancementsnow being
introduced by other world metros could
be applied on the deepTube lines to
enable safe and reliable fully -automatic
train operation.

New Tube for London - Feasibility Report

Project Migration

Approximately one third or 1.4m of the
4.2m people who ride the Tube everyday
use the Bakerloo, Central, Piccadilly and
Waterloo & City lines each day Careful
consideration of the delivery method and
line modernisation sequence istherefore
required to make the biggest strides n
growing capacity.

The challenge is to develop an
implementation strategy for this work,
referred to as a Migration Strategy,
comprising apre-determined number of
operational states through which the
rail way omigrateso
efficiency of the project, whilst
minimising the impact on customers.

t
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Summary of feasibility activities

The NTIL feasibility study challenges are
closely inter-related. Therefore, their
analysisrequired a comprehensive,
system-engineereddesign process.

For example,delivering increased
capacity is akey programme objective.
However, the effort to achieve this
objective should not jeopardise achieving
others d e.g. increasing reliability
Therefore, the intrinsic capability of the
existing infrastructure has to be
understood, along with the impacts of
incremental changes that can be made to
improve this capability.

The natural consequence of increasing
capacity is an increase in energy demand
Additional demand for energy is offset by
optimising its use through the
implementation of recognised strategies
previously deployed on London
Underground. These includeregenerative
brakingand new technologies to further
increase system receptivity and energy
recovery.

Deploying all of these strategies will not
fully mitigate the increase in energy
demand due to the substantial increase in
capacity. Without mitigation measures,
there will be a consequential increase in
tunnel and platform temperatures due to
the increase in energy utilisation Thisis
further reinforced by implementing
saloon cooling (aprogramme objective)

which discharges energy in the form of
heat into the tunnels as a by-product.

Consideration must therefore be given to
implementing infrastructure cooling
solutions to ensure the tunnel and
platform environments remain
acceptable.

These can & complex in their own right,
so feasibility studies for implementation

were carried out and iterated through the
overall system design

London Underground has many years of
experience of delivering large complex
engineering programmes. Lessons learned
from this experience haveprovided
opportunit ies for continuous
improvement in approaches and
practices. NTfL has also drawn on
external best practice guidance (for
example from The Royal Academy of
Engineering and other external expert
guidance from BAe Sysems) to define

the approach it would take to engineering
during the feasibility phase.

This approach was captured in a
framework called the Railway Level
Design Management Framework (RLDMF)

The key feature of the framework was to
coordinate the iterative development of
many work streams of activities whilst
maintaining an overall integrated systems
approach. This was achieved bymaturing
the understanding of key crttical design
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features, such as @pacity and energy
utilisation, of the overall system. Through
effective design review processes it was
possible to determine when sufficient
maturity had been achieved toderive a
reliable outcome to the study (see
diagram below)

The output of the work is an overall
concept design of the changes we intend
to make to the railway to achieve the
required outcomes. This is reflected in an
operational concept with a physical
architecture, determining the changes
alongside required assumptions made in
achieving the changes. This forms the
basis of the requirements that will be
taken forward into further design
development and technical specifications
for procurement.

The NTIL Integrated Programme Team
(IPT) has managed a comprehensive
schedule of activities to determine the
right balance of outcomes to optimise
the business case benefits including:

Surveys

Supplier studies

Internal designactivities

Academic research

Engineering simulation

Strategic planning and modelling
Benchmarking withcomparable metros

== =4 =4 -4 -4 -a -a

The following sections present the key
findings against the study challenges
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Summary of feasibility activities

Capacity d rolling stock

Modern rolling stock has ahigher
performance capability than the existing
trains with better acceleration and
braking characteristics. Thesecanreduce
journey times and enable a higher
frequency service to be operated from a
given fleet size. Higher performance
capability is a core feature of a train
system upgrade, and one which has been
achieved on severalUnderground lines
over the past two decades.

The Feasibility Stage has investigated
provision of more novel features for Tube
trains, such asopen, wide gangways.
These would offer a number of benefits
to customers as follows:

A Additional capacity is provided with
improved configurations, including
walk-through rather than separate
carriages, creating more floor area as
compared with traditional designs

A Customers can essily transfer between
carriages, meaningcustomers can
distribute throughout the train,
avoiding busier carriages where
possible. This in turn, will help to
reduce dwell times as a more evenly
loaded train enables quicke boarding
and alighting

A Customers can move through the train
so they are in the optimal section of
the train at their destination station,
thus reducing the time spent exiting
the system

A The provision of a more continuous
open space within the vehicle
improves security andreduces the
opportunity for antisocial behaviour

Provision of through gangways ona Tube
train with traditional configuration is very
difficult , if not impossible , due to the
dynamic behaviour of the vehicles Tight
curves, inparticular, lead to large relative
movements between vehicles ends. This
means an inter-car gangway would not be
possible without removing doors at the
end of the carriages, due to the length of
the gangwaywhich would be required.

NTfL has identified that it is possible to
provide an inter-car gangway byaltering
the Tube train design toincorporate an
articulated configuration with more,
shorter carriages. By positioning the
vehicle bogies under the ends of two
adjoining cars, the relative vertical and
lateral movement of the carriageends is
significantly reduced. Thisenablesa
shorter, wide gangway to be fitted

New Tube for London - Feasibility Stage Summary 17
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without loss of train capacity or a
reduction in the number of doors.

The repositioning of the bogies allows all
train doors to be double doors. Double
doors allow for rapid access and egress
which reduces dwell times. Controlling
dwell time s becomes a dominant factor
for achievinghigh frequency service
levels, due to reduced intervals between
trains.

Laboratory trials with University College
London at their PAMELA Pedestrian
Accessibility and Movement Environment
Laboratory) facility were used to gather
data which supported existing empirical
information on the impact of train and
platform features (such as door size,
stand backs, seat types and platbrm
edge doors) on dwell times. The outputs
of the se trials were used to inform train
designoptions and evaluation of different
configurations.

Detailed surveys were made of the
existing infrastructure, including tunnels,

New Tube for London - Feasibility Report

platforms and sidings to inform the
constraints on train dimensions for each
of the NTfL lines. Train length is a critical
design parameter. Increasindength
improves the capacity of the train,
generating customer benefits, but also
increases the modifications required to
existing infrastructure which can be
costly and disruptive.

To ensure that the configuration is

future -proofed, provision for installation
of Platform Edge Doors (PEDs)pn
platforms is required. PEDgletermine the
position of the end doors of the train.

This analyss confirmed the fixed
maximum dimensions for train length and
door spacing for eachof the deep Tube
lines to inform the design and
procurement of the new rolling stock.



Summary of feasibility activities

Capacity d signalling andcontrol

Modern, automated metros require a delivered on the Victoria, Jubilee and
higher level of control capability to Northern lines in recent years.

facilitate remote monitoring and NTfL will therefore replace the existing
managementof the train service and its signalling and train control systems in
supporting assets and systems. For the order to achieve the increases in service
NTfL line modernisations, a fully- frequency necessary to deliver the
integrated Railway Control System (RCS) required capacity enhancements.

's envisaged comprising: The Feasibility Stage looked in more

1 Signalling and rain control - including detail at wider railway control elements.
vital signalling and communications Multiple independent systems are already
systems required for real time mature, but moving from disparate
movement control of train services systems to fully -integrated functionality -
1 Operational Control Systems (OCS - in line with modern operational control
supporting functions for efficient philosophy - will represent an
opergt.ion and.mgintenaqce(e.g. enhancementtoLondon Undsrgr oul
condition monitoring, maintenance current line management capability.

management, staff management,
degraded mode operation control,
traction and ventilation control,
security and customer flow
managemeny

1 Independent communications - high
bandwidth telecommunications to
support fully -automatic operation with
audio and visual links between the
train and the control centre

Engagement with suppliers, other
operators and internal stakeholders has
indicated that at least two discrete
communication networks should be
deployed to deliver the NTfL
requirements. One will be avital
signalling and train control network. The
other will be a non-signalling
(independent communications) network

to support all other business and railway
Anticipated increases in customer information .

numbers drives a need forlonger dwell
times. Without intervention , a larger
number of customers would reduce the
number of trains per hour that could
serve the line. Modern signalling and train
control systems can help to offset this by
enabling trains to safely operate at closer
intervals as has been successfully

Based on the information available today,

provision of a network to satisfy the data

transfer needs is feasible but very high

bandwidth needs are a limitation. To

determine the feasibility of utilising an

integrated railway control and

communications system, it was

necessary to examine 06¢co
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connectivityd, the
for which is the required increase in
guantity and quality of train -to-wayside
communications. This required
consideration of:

1 Higher availability and higher
bandwidth communications

1 Data prioritisation: to maximise
network capacity

1 Approach for main or backup signalling
and control data transmission

1 Minimising trackside equipment to
reduce whole life costs

1 Higher degrees of network and system
Reliability, Availability, Maintainability,
Safety (RAMS) and Security

Early supplier engagement identified their
preference for the use of proprietary
radio operating at 2.4GHz or 5.8 GHz for
control communicat ions. As this
capability is not yet deployed within the
Underground environment, a trial was
commissioned to understand the physics
of wireless propagation in the cast iron
deep Tube tunnel environment.

The trial tested single-path and multi-
path losses aswell as ground reflection
effects in the disused tunnel between
Holborn and Aldwych, which was
identified as being representative of the
NTfL |linesd target

The trial concluded that radio frequency
propagation within the tunnel follows a
predictable model, and that:

New Tube for London - Feasibility Report

moss Chamges ghunnkeligeomeatry (e.¢ han g e
cross-over caverns) cause signal loss
1 2.4GHz propagates up to 400m
1 5.8GHz propagates less than 200m
1 The train in the tunnel creates a
blockage for signal propagation

As part of the propagation trial, high
definition video was successfully
transmitted in the tunne | at distances of
up to 200m.

The trial has confirmed London

Und e r g r understdndling of wireless
propagation in the deep Tube tunnel
environment. The resulting propagation
model was then applied to the Bakerloo
line, to establish typical equipment
requirements for line wide network
application.

This confirmed that should a higher
propagation frequency, such as 5.8GHz
be usedthere would be a potential need
for higher wayside equipment count in
the tightly curved deep Tube tunnel
infrastructure.

The studies considered current and
emerging communications technologies
and concluded that giventhe rapid pace
of evolution in this sector , London
Underground will continue to keep an
ongoing technology watch on

€ N déevelbptnBrid SHidre specifications,

prior to procurement, will be informed by
these developments.



Summary of feasibility activities

Capacity d infrastructure

To support increases in capacity a
number of significant enhancements to
the infrastructure are required as
follows :

A Power - London Underground has a
comprehensive traction power
distribution network that needs to be
enhanced to deliver theincreased
capacity demands.The power supply
infrastructure feeding the NTfL lines
was predominately installed in the
1960s and 1970s Therefore the plant
items are generally reaching the end of
their economic lives. The NTfL study
considered the necessary scale and
scope of a power infrastructure
upgrade required A substantial
upgrade is proposed which will
address asset renewal (e.g.
replacement of transformer rectifiers)
and provide the additional capacity
needed for operation of faster, more
frequent and more reliable services.
Power enhancements will also be
needed to meet the requirements of a
modern railway control system.

The solution will also include
upgrading of cables, switchboards,
batteries and chargers, power system
control and auxiliary transformers.

The overall power solution includes
consideration of the most efficient
means of power transmission to and
between trains, which is covered inthe

Managing Tunnel Temperatures
section.

Track- The track infrastructure, quality
and configuration will need to be
enhanced to support the significant
increase inmileage expected such that
it can be adequately maintained within
the available access.

An important element of this is the
Wheel- Rail Interface (WRI), which
considers the interaction of the train
and track in terms of performance and
adhesion, ride and wear and tear.
Bogie design studies have been carried
out to consider the application of low
track force bogies on an articulated
train configuration. NTfL has engaged
the University of Huddersfield to
undertake academic researchand
specialist modelling support in this
area.

New Tube for London - Feasibility Stage Summary
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The ultimate choice of bogie design
and vehicle articulation will be based
on analysis of the conflicting
requirements of underframe space,
gauging, gangway arrangement and
acceptable levels of track wear.

Depots and stabling d Existing depot
facilities will require significant
modifications to support an increased
fleet size as well as the facilities
necessary to maintain a modern train.

NTfL has considered a range of depot
strategies, including combining depots
for multiple lines, building new depots
on greentfield sites and developing
existing depots to be fit for the
maintenance of the NTfL train fleet.

Given limited availability of affordable
green-field sites in greater London, the
line specific requirements for depot
facilities and the need for efficient
access tothe operational railway the
strategy is to redevelop existing line-
specific depot facilities, where
possible.

New Tube for London - Feasibility Report

Key lessons learnt from prior London
Underground and other railway depot
projects are informing the detailed
plans for the NTfL depots. Examples
include efficient utilisation of existing
assets, cansideration of all interfaces
and full system integration during the
dnigration6from existing trains and
facilities through to new trains and
new or amended facilities.

Additional stabling capacity will be
required on some of the lines to
enable increasedfleet size.

Civils - Specific capacity pinch points
have beenidentified through extensive
modelling to determine which, if any,
have a casetio be removed.

Amongst a number of measures
expected, will be localised tunnel
modifications to relieve the
constraints imposed by the historic
civil infrastructure, which act as a
limiting factor on performance.




Summary of feasibility activities

Capacity 0 modelling

A multi-stage modelling process was
undertaken to reach a combined view of
railway performance and postupgrade
demand levels, to determine the optimal
capacity to be delivered (see diagram
below). Four main capacity modelling
stages were completed:

1) London Transport Studies (LTS)a TfL-
owned transport model that takes
forecast population and employment
data from the GLA together with
assumptions of land use and transport
network provision, and produces
estimates of public and private
transport usage by mode of transport.

2) Railplan this model takes the public
transport demand forecast from LTS
and allocates or @ssigngit between
the different possible routes and
modes, to optimise total customer
journey time. It produces assignments
of demand for given future years, for
different levels of planned service
across all modes of Public Transport,
including estimates of the number of
customers using

each London Underground line.

3) Railway Engineering Simulator (RES)

this model assesses the system
performance of an Underground line
based on the design parameters of the
train, signalling and infrastructure. It
produces performance outputs such as
run times and available service
headways, which can also be used for
power, energy and cooling modelling.

4) Train Service Model (TSM}his model

simulates the post-upgrade railway to
understand the interactions between
the technical capability of the
modernised railway fed from RES) and
forecasts of customer numbers on the
lines post-upgrade (fed from Railplan
and LTS). This has enabled the optimal
capacity provision to be understood
and line-specific targets to be set.

New Tube for London - Feasibility Stage Summary
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