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Figure 14
The construction of overhead line electrification equipment
Electrification work generally takes place overnight to avoid disrupting passenger services, since some

or all of the tracks must be closed to do the work. The factory train was designed to greatly increase the
amount of work that could be done each night, reducing the cost of electrification and the time it would take.

When the train is operating as intended, a section of it moves along the track, carrying the equipment and
materials needed to carry out one of the stages of electrification at several adjacent locations. Another
train section follows on a subsequent night to carry out the next stage. If the factory train cannot be used,
trackside crews carry out the work using conventional equipment such as cranes.

Work stage
Foundations (piles) are either dug or driven (piled’) into the ground alongside the track, at regular intervals.
A steel mast is lifted onto each foundation and secured in place.

Horizontal booms are installed spanning the tracks, supported by either one or two masts. Smaller steel
parts are then suspended from the boomns, over each track.

Wires are strung between the booms.

Once construction has finished on a section of track, Network Rail carries out tests and then ‘commissions’
the section. Trains can then use the newly electrified line.

Tunnels are typically electrified by fitting an overhead bar to carry electricity. This work is particularly
challenging, and is carried out by closing the line entirely. Work on the Severn Tunnel took six weeks,
in autumn 2016.

Source: National Audit Office
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Figure 19

e Support economic growth through the provision of train services of appropriate frequency, journey time

® Make best use of available route capacity to improve passenger and freight capacity.

o Deliver a consistently high level of train service performance for reliability and punctuality.

®  Achieve whole industry benefits, including delivering value for money for taxpayers and fare payers through

!

Our audit approach
The
government's Objectives of the programme:
objective e Deliver consistently high standards for the passenger experience.
and capacity.
reduced costs and increased demand.
e Deliver an environmentally sustainable raitway.
How this will
be achieved

Our evaluative
criteria

Our evidence

(see Appendix Two
for details)

Our conclusion

We assessed whether GWRM

Network Rail and the Department for Transport wil electrify the Great Western Main Line and procure new Intercity

Express trains to operate on the rouite.

v

Was the Great Western Route
Modernisation (GWRM)
industry programme planned in
accordance with good project
portfolio management practice
from the outset?

'

industry programme was
planned in accordance with good

management practices by: *

o conducting interviews with
the Department, Network
Rall and key stakeholders;

o reviewing and analysing
industry programme level
documents and findings
from previous reviews of the
programime, including major
government reviews; and

e using NAO good-practice
frameworks.

¢ L J

!

Have previous deficiencies
in prograrmme management
now been addressed by the
Department and Network Raif?

!

We evaluated the response to
previous issues by:

conducting interviews with
the Departrent and Network
Railand key stakeholders;

reviewing and analysing
documents relevant to
GWRM; and

reviewing the Departrment’s
and Network Rail’s lessons
learned programmes.

, !

Has the Department managed
the impact of delays to the
programme on the passenger
and the taxpayer?

'

We evaluated the Department’s
response to problems caused by
delays by:

o holding interviews with the
franchise operator, Great
Western Raitway, and
Departmental staff involved
with passenger services;

e analysing train operator
performance data; and

o examining Departmental
documents, franchise
agreements and new train
procurement agreernents.

!

The Department’s failure to plan and manage all the projects which now make up the Great Western Route
Modermisation industry programme in a sufficiently joined up way, combined with weaknesses in Network Rail's
management of the Infrastructure programme, has led to additional costs for the taxpayer. The way in which the
programme was delivered before 2015 cannot be said to have best protected value for money.

The modemisation of the route has potertial to deliver significant benefits for passengers, but the Departrent's
assessment of value for money does not reflect recent developments, particularly changes to the train specification,
and needs to be revisited. The Department and Network Rail have begun to improve the management of the

programme. They have more to do to protect value for money in the future.
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Figure 1
The Great Western Route Modernisation

Worcester
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Hereford
Cheltenham Spa
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-~ Electrification, capacity and capabilty works
— Other capacity and capability works

©  Station works

@ Stations

Note
1 Gapacity and capability works include work to bridges, tunnels, cuttings etc, to ensure that the new trains can run safely and efficienty.

Source: Network Rail's Enhancements Delivery Plan update (March 2016), available at: www.networkrail.co.uk/Enhancements-Delivery-Plan-March-2016.pdf
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Figure 13

Cost increases on the Great Western electrification programme

Element

Installation of electrification equipment
Route clearance?

Programme management

Signals and communications equipment
Lead design organisation®

Risk and opportunity

Other

Total

Notes

Estimated cost
in 20141
(Em)

736
239
186
106

69
196
17

1,649

Estimated cost
in 2016
(Em)

1,165
385
31
142
110
442
248

2,803

Increase
since 2014
(em)

429
146
125

36

il
246
131

1,154

Percentage
Increase
(%)

58
61
67
34
59

126

12

70

1 These are the costs that the Office of Rail and Road determined were the ‘efficient’ costs of electrification in its September 2014 review. Network Rail's

original estimate before this review was £1.8 bilion. All costs are in 2012-13 prices (as measured by the Retail Prices Index).

2 Route clearance covers projects needed to enable electrification equipment to be installed, such as raising bridges or lowering track where there s not

enough clearance for overheadilines to be installed.

3 The lead design organisation does most, but not all, of the design work along the route.

Source: National Audit Office analysis of Network Rail information
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Figure 17

Train reallocations (cascades) — original plan

Original Cascade

Routes/Suppliers
providing trains to
Great Western

Great Western routes

Routes receiving
trains from
Great Western

Flow of trains

Notes

Bombardier

8 new Class
387 electric trains

Hitachi

New Class 800/801 electric
and bi-mode trains

—-——

0Oct 2016 to Nov 2016:
New trains from
Bombardier factory are
contracted to be delivered

Thameslink

29 Class 387 and 21
365 electric trains

31 Mar 2016 to 4 Mar 2017: Class 387s and 365s from Thameslink
are contracted to be delivered for the May 2017 timetable change

Jun 2017 to Aug 2018:
Class 800/801 trains replace
Class 180 and HSTs in place
for the Dec 2018 timetable
change. These trains are
part of the Intercity Express
Programme

(Thamas Valley

London to Swansea

Class 165 and 166 HSTs and Class 180
diesel trains diesel trains
May 2017: Class 1655 and 1665 ™ 2017:
cascade to the west to provide HSTs and
additional capacity in Bristol area Class 180s
leave the route
West during 2017

Class 153 and 150 diesel trains

Rolling Stock

Exeter

—

Hitachi

New AT300 bi-mode
(diesel/electric) trains

May 2018: Bi-mode trains to provide additional
capacity and reduce journey times in the south west

Class 143 Pacers

Operating
Companies

Aug 2017: Class 153s  Dec 2017: Pacers

and 150s cascaded
to the north

Northern franchises

due to be retired

from GWR

Decommissioned

1 London to Swansea includes the Great Western branches via Hereford and Cheltenham (see Figure 1 of this report) as well as the main line route to

Bristol and Swansea.

2 HST stands for High Speed Trains.

Source: National Audit Office analysis of the Department's documents

® Existing trains
® New trains
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Figure 12
Costs have increased since 2013 on most Great Western Route Modernisation
infrastructure projects

Scheme October November 2015 August Increase since

2013 (Hendy Replan) 2016 October 2013

(Em) (Em) (em) (em) (%)
Great Western electrification programme 1,130 2,810 2,808 1,678 148
Electrification between Cardiff and Swanseat 295 381 433 138 a7
Reading Station? 766 775 763 3 0
Other planned enhancements 389 597 609 220 57
Bristol area signalling renewal 187 230 228 o1 67
Subtotal-works planned in 2013 2,716 4,792 4,840 2,124 78
Enhancements planned since 2013 - 448 5533 - -
Other renewals - 166 183 - -
Total 2,716 5,406 5,576 - -
Notes

1 Network Rail did not have a comparable cost estimate for Cardiff-Swansea electrification in October 2013. The cost was estimated at
£295 million in March 2014.

2 The Reading Station project was at a lower risk of cost increases, as most of the work had already been carried outin 2013. For the other
projects, almost all of the spending was forecast.

3 The overall cost of these schemes has not increased since December 2015. The Hendy Review excluded two projects fromits analysis
which account for the difference in costs, since these were ot expected to affect the funding Network Rail required between 2014 and 2019,

4 Allcosts are in 2012-13 prices (as measured by the Retail Prices Index). Numbers may not sum due to rounding.

Source: National Audit Office analysis of Network Rail data
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Figure 16

Weaknesses in the management of the infrastructure programme

and Network Rail’'s responses

Identified weakness

Unclear responsibility for the programme with
no single programme sponsor.

No integrated schedule with a ‘critical path”
(a plan showing the minimum possible delivery
schedule and interdependencies within the
programme) for works and no overall budget.

Network Rail’s response

Single sponsor and programme director from early 2014.

Since April 2014, Network Rail has had a programme
office, largely staffed by a contractor, which is
responsible for maintaining an integrated management
plan and programme schedule.

Lack of independent challenge of delivery team.

Extension, in January 2016, of intenal programme
sponsors’ responsibilities, making them accountable
for programme delivery throughout the programme
Iife cycle.

Plans, since early 2016, for ‘peer reviews’ by Network
Rall staff without direct programme involvernent.

In 2015, Network Rail carried out a peer review of the
Great Western infrastructure programme.

No consolidated view of the track access that
Network Rall needed to do the work which is
ikely to have led to delays due to equipment
and construction vehicles not being able to
access the track when expected.

Establishment of working groups to coordinate
Network Raif's requirements for access to the track,
with train operators.

Source: National Audit Office assessment, drawing on Network Rail internal reviews
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Figure 11
Network Rail must complete several complicated projects by 2018

Introduction of new electric trains between Maidenhead and Paddington: September 2017
o

First use of new bi-mode Intercity Express trains: October 2017

L
" New electric train services between Didcot and London: December 2017

Introduction of new,
i : ° °

igher capacity
passanger services Additional Intercity Express train services between Bristol and London: December 2018
requires the following . o4
infrastructure to be Introduction of electric trains between Newbury and London: December 2018
completed * d

|
Electrification, including Oxford
related works along the o

route to support new
train services

Swansea Cardiff Bristol Swindon
Parkway
Filton Bank
L _ ®
Bristol  Bath
Temple
Meads

Plus

Maidenhead London

Paddington

Didcot

Newbury

Other major infrastructure schemes

‘ N 1 ~\ Scheduled May 2018. Will
Cardiff area ‘ Bristol area re-signalling delay Filton Bank work if it
resigraling . / takes place any later

|| Thack widening, Fiton Bark | Scheduled December 2018

Notes

Electrification to be completed
W By June 2017
™ By Decermber 2017
W By Decernber 2018
2019-2024
Completed

1 Network Rai need to construct new tracks between Bristol Temple Meads and Bristol Parkway by December 2018 to allow more trains to run. Electrification of tis section will take place after 2010.
2 Cardiff area re-signalling and electrification between London Paddington and Maidenhead are delivered by Network Rail, but do not form part of the Great Western Route Modernisation programme.
3 The section between Reading and Didcot has been open for testing of new Intercity Express trains since September 2016, and the Department plans for electric trains carrying passengers to run

from December 2017.

Source: National Audit Office analysis of Network Rail and Department for Transport documentation
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Figure 18
Train reallocations (cascades) — revised plan

Routes/Suppliers
roviding trains to
Bront Wastom Thameslink Bombardier
29 Class 387 and 8429 new Class
21 365 electric trains 387 electric trains
Class 387s and 3655 no

longer going to Thames
Valley and are to remin on
Thamesink. Interim services
for May cannot be delivered

Great Western routes

Routes receiving trains
from Great Western

Flow of trains

Notes

Jul 2016 to Sep 2016: Delivery of
8 new trains from Bombarder to
be accelerated. Additional 20 387
ordered to mitigate those retained
by Thameslink. Service and
capacity benefits due in May can
now be implemented in September

Thames Valley

Class 165 and
166 diesel trains

Class 1655 and 166s to stay in Thames Valley
untilelectrification complete in P8, allowing
phasedintro of 387 as they arrive

Jun 2017 to Aug 2018:

Bi-mode trains replace Class -
180 and HSTs in place for the Hitachi
Dec 2018 timetable change New Class 800

bi-mode trains
Bombardier

Hitachi

New AT300 bi-mode (diesel/
electric) trains + additional 7 AT300s

Additional 8 new Class

387 electric rains

Sep 2017 to Oct 2017: Additional
8 Class 387s ordered to mitigate
retention of Class 365s by GTR

5new AT300s for 2new AT300s for
Oxford to maintain Bedwyn to maintain
services to London hourly through service

[Soulh West J (Oxford J LBedwyn J

11HSTsdue (L ondon to Swansea
togo offlease
from 2017 are | HSTs and Class 180
retained and diesel trains

modified

West Exeter

Class 153 and Class 143 Pacers
150 diesel trains

—

Class 153s and 150s were Dec 2018: Pacers are
due to be cascaded from retired one year later
August 2017 but will be than planned

kept until 2018 to provide
services in West Devon and
Cornwall - there will be an
impact on the north

Scotland Rolling Stock
Operating
Companies

fronomis
franchises

1 London to Swansea includes the Great Western branches via Hereford and Cheltenham (see Figure 1 of this report) as well as

the main fine route to Bristol and Swansea.
2 HST stands for High Speed Trains.

Source: National Audit Office analysis of the Department's documents

® Reallocation cancelled
@ Existing trains
B New trains

Red text = additional train
orders (not in original plar).
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Figure 15
Sequence of system development and programme delivery

TR o N (o )
Oct 2011 0ct 2013 Jul 2014 May 2015
Network Rail Date Network Rall Actual delivery of | | Full catalogue
commits to expected the factory | | the final parts of of Series 1
purchasing the train to be delivered the factory train components
factory train | inits 2012 plan to Network Rail available

[ [ [
| o | w2 | eon [ oow | oo [ 206 ]
Factory train procurement

Series 1 system development

Design of masts (detailed design)

Installation of masts

p I
Apr 2012 Jun 2013

Design of

indivicual masts

commences
L

Development of
the electrification
system started

Sep 2012 Dec 2013 Jan 2014
Network Rall Date Network Rall Construction
starts delivering | | expected to complete | | commenced
the electrification | | all design work in its
programme 2012 plan
{ )L J\ J

Network Rail's earliest cost estimates assumed that it would be able to use the *Mark 3" electrification system, which is used on the West Coast Main Line. In 2011, Network Rail realised that new
European regulations meant that it would not be able to use the existing system for trains that travel at 125 miles per hour. It decided to develop a new system, ‘Series 1’ Although developing new
technology introduced a significant new risk to the electrification work, the deadiine for completing construction did not change.

Procurement of the factory train should have taken place after the Series 1 electrification system was well developed. Series 1 masts frequently require much deeper foundations, which the factory
train was not designed for. There are also two different widths of pile and the factory train is less efficient when it needs to switch between types.

Network Rail was simultaneously delivering the programme and desigring the electrification system. Detailed design, the process of determining exactly which equipment should be installed where, started two
years before the catalogue of components, specifying all the individual parts which are assembled into the electrification system, was complete. Construction started 16 months before the catalogue was
finished in May 2015.

Network Rail did not carry out sufficiently detailed surveys of the route before the ‘detailed design’ took place. This is critical, since if ground conditions at one site are not as expected, designs for a number

of nearby locations could need to be changed. This delays piing and installation of masts. In November 2015, Network Rail estimated that 78% of designs completed so far had needed to be revised. The
failure to properly survey the route meant that contractors accidentally cut through two signal cables in October 2014 causing significant passenger disruption. Network Rail now reqires trial holes to be dug
before piles can be driven.

Source: National Audit Office
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Figure 10
Interfaces with other programmes

Crossrail

The Crossrall programme involves
the electrification of part of the
Great Western route, from London
to Maidenhead. The Great Westerm
Route Modernisation infrastructure
programme and Crossrail may have

conflicting needs for track access.

Reallocation of trains as aresult of new Intercity

Express trains

ScotRail will recelve High Speed Trains from the Great
Western Main Line once the new Intercity Express trains
are introduced.

The East Coast franchise Is also due to receive trains
from the Intercity Express Programme and depends on
delivery of trains to Great Western as Intercity Express

Other train reallocations

Franchises in the north will
receive better trains from
the Great Western routes
following the introduction
of new electric trains onto

the Thames Valley lines.

trains are built in succession.

' High Speed 2 (HS2)

Both HS2 and the Great Western
Route Modernisation need to
complete works at Old Oak
Common, due to be amajor
interchange station for HS2, Great
Western Maln Line and Crossrail
trains. The existing Great Western
Railway and Heathrow Express
depot will also need to be relocated.

Great Western Route
Modernisation industry

programme

Passenger and freight train operating companies

There are other passenger train operating companies,
besides Great Western Railway, operating on the
Great Western Main Line where infrastructure works
are taking place. Great Western Route Modernisation
works may affect services.

The modernisation works may also affect freight
companies’ services.

Other Network Rail works

Network Rail must manage interfaces between
the Great Western Route Modernisation and:

® Other national electrification programmes
— such as the Midland Main Line and
TransPennine programmes.

© National programmes to improve signalling
(Supervisory Control and Data Acqisition
system to integrate electrical controls) and
communication systems (European Train
Control System programme).

® Renewal works taking place on Great
Western routes.

o Projects to be delivered in the next rail
control period (2019-2024) such as the
Western Rail Link to Heathrow and works
at Bristol Temple Meads station.

There are a limited number of resources available
to Network Rail both in terms of the equipment
and human resources needed to deliver these

programmes and projects.

Source: National Audit Office adaptation of a Great Western Route Modernisation industry systems integration office diagram






