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(=) Rail regulation in Great Britain ORR

ORR: The combined independent regulator
for Rail & Road

Health & Sﬁfety

Economic
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Railways in Great Britain: Key Stats

I 15,000 route km, one-third electrified

.2,50[] stations

. 130,000 staff (30,000 in Network Rail)

I 5,000 level crossings, 40,000 bridges and tunnels

I Over 23,000 trains daily (mostly passenger but over 1000 freight trains)

W Over 3 million passengers sach week day, heavily focused on London where
rail has a very strong market position

M 60 million tonne kilometres of freight moved every day, mostly coal and
containers. But overall rail share of freight market about 8%

I £5 billion per annum subsidy focused on the passenger railway

[ ———

Significant growth in GB rail since 1990s
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High levels of passenger satisfaction:
Eurobarometer comparison index
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Source: EU Commission Eurobarometer survey, Dec 2013
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Rail: Private vs State Ownership in Europe

lMarket shares comparison between European countries, 2012-13
B bcumiant [0 Competitors “a—r A erd market sham compations 20122013
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Source: IRG-Rail monitering report, Commission RMMS report
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A diversified market

Franchised & open access operators. Shares of passenger kilometres, 201314
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* Plus High Speed 1 and others
Source: Office of Rail Regulation

88




Monitoring and enforcing delivery

.Nehn.rork Rail is the monopoly infrastructure manager. It
operates under a licence enforced by ORR.

.ORR uses that licence to monitor Network Rail delivery against
autputs set by periadic reviews and other requirements.

.If Network Rail fails to achieve these outputs, oris likely to fail,
we can require it to take remedial action and/or levy penalties.

.We can change the licence by agreement or by referral to the
Competition Commission if Network Rail do not agree.

.This provides assurance to government about what it is getting
far the money; it complements the contracts individual train
companies have with Network Rail.

.Wide range of powers (financial penalies, orders, investigation)

14
Periodic review process in the UK
Governmart Wetwork Aol
Industry, epts ORR
slomersy cntomers | | Sweminaton,
aad firds ard fundeny of appreals to
avelsble respond.. :)::::-on
2012-1% 201314 201418
a | @ | @ |[ala ]m | [as|a
ORn
comuits cn ORR publshes O publshes
Periodic Oraft final
Revew Determmnation Oetermunation
framewnk
Source: Office of Rail Regulation
oR
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(N3N 2priceny

Shift from maintaining the network to
enhancing it
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Moving towards a more regional approach
to regulation of infrastrucrure

Donxy
. Today
Limited concession (PPP)for HS1
South WestAlliance
Limited devolution outside England
Metropolitan transport authorities

uture’
Furtherroute alliances?
Fulldevolution to Scotland?
Mainlineroute concessions orsale?
Local publicpartnerships?
HS2— concession for infrastructure?

——m=
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7

Conclusions

A growing railway (passengerand freight). But
growing passenger/freight use of network posesreal
future challenges

i mproved performance and safety, record levels of
passenger satisfaction.

Bl innovative and competitive supply market

Bl Costs are reducing but scope to go further.
Government is determined to get more value for
money from railways, and has asked for more
infrastructure devolution and ‘alignment of incentives’.

B With clear government and regulatory support
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(=)ORR strategy and approach to health and safety regulation Johnny Schute
22 February 2016

QOur Goal is reduced harm...

¥ Vision: Zero industry causedfatalities and ever-decreasing health and
safety risk.

» Excellence:

» In assetmanagement and operations; and

* In health and safety management and culture;
» Result

» Better management capability ;

» Reductioninrisks;

» Reductionin harm; and

» Reducedlikelihood of catastrophicincident.

OR

CHRCE OF RAINL AND BOAD

QOur Goal is reduced harm...

» Vision: Zero industry causedfatalities and ever-decreasing heatth and
safety risk.

» Excellence:

» In assetmanagement and operations; and

» In health and safety managementand culture;
» Result

» Better management capability ;

» Reductioninrisks;

» Reductionin harm; and

» Reduced likelihood of catastrophicincident.

OR

CHRCE O RAIL AND BOAD
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What Excellence i

Itisiabout

trust

pecphe and behaviours
fegal compliance
WFANSPARENT FOPArTng
TwO-way COmmunication

having 3 dtreng continaeus impreving
learning cultura

managing risks
daing thirgs right the first time

making the mast of everyone's
capabilities

Itiisinot about

gold plating

harming workers

having dissatisficd stakeheolders
blarme

bots of paper
tick bax audit

inappropriate standards and procedures

paying lass attention to
conractor safery

endless debate or complex processes

e
CHRCE O RAIL AND ks

Ourlaw is European and home-grown...

» European Railway Safety Directive 2004/09;
» DomesticHealth & Safety at Work etc Act 1974,

» ROGS Regulations;

» We grant permissionto each business onthe basis thatthey control
risks usingtheirmanagement system:

» We re-dothis at leastevery 5 years; and

» We check that their systemis upto a commaon European

standard,;

» We check control of risks by managementin each businessthrough
our risk basedplans forinspections andinvestigations .

OR

CHRCE OF RAINL AND BOAD
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The Railway management Model
RM3
What excellence looks like: L e Armsian

* Coroparation, compazance and dave) AT of ampiyaes &t al lnels

* Plaming and Implamantng risk conTols
* Moanoring, review and such
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ORR'’s priorities

Level Crossings Long term H&S vision
Train control / protection Leadership and Culture
technologies Safety by design
Infrastructure H&S management systems
Rolling Stock
Management of change
Interface system safety
Competence
Workforce Safety
Workforce occupational health
Europe Oa

CHRCE OF RAINL AND BOAD
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Our RM3 — R Analysis

Leacdership

- Policy
Rev'gwnowroervu/e/"\ | ] BoardGovernance
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10 OIPCE OF RAILAND ROAD

Passenger and workforce fatality rates across

the European Union’s railways, 2009-13
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Key messages in the Chief Inspector’s report 2015

» The on—going challenges of managing growth and
change;

» Maintaining and renewing a safe, suitable mainline
infrastructure;

» Continuously improving health and safety culture,
with a particular emphasis on health (as well as
safety) and we are still some way from achieving
excellence; and

» Safety by design. CR?.

1z CHRCE OF RAINL AND BOAD
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(P4) Presentation on UK Rail/ Monday 22 February 2016 Robin GROTH
Rail Technical International and Safety

@- : —
et Qur railway I

+ 31,000 track kilometres
+ 12,500 km electrified

* 1.7 billion passenger journeys in
14/15 (2™ highest in EU) Free

* 623 billion passenger km (37
highest in EU)

- 2552 Stations (A

» 22 pilion net tonne km in 14/15 \

ﬁmﬂ Passenger growth since privatisation

for Transpart

National rail franehised passenger kilometres: GB 1847 to 2014 . o .
Since privatisation
] in 1985

@ - Passenger
journeys and

B
e
= kilometres travelled
= have maorethan
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97



o wen Rail freight growth since privatisation

o

Total freight moved: GE 1335-36 to 2014-15
1a0 Since privatization
g o in 1995
i
F 50 +Yolume of rail
g 10 freight movedhas
¥ 1 increased by over
ES 655,
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oo European comparisons

Department
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Passenger kilometres travelled: 1995 to 2014
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:@.

ent Passenger satisfaction has improved

Departm
for Transpor

Percentage of passengers satisfied with their journey owerall, MNRPS Spring waves only, H3>H15
3

a4

LUE]%

7 | [MALUE%

PereItge sEERd - Sprilg NRPS wa

Saurce: PASSENZET FOCLE

Train aceidents with passenger or workforee fatalities: oy A Par eon s Mo chun [RD:26LY]

1955-60 to 2043-14 i

————
—
W E T ——
of = RE Y —er AN TArEe L.
g a f— n
E W —
6 ——
5 —
W —
g -] ¥ —
DE Y —
EZs [ —
b= N —
58, e —
o= H —
2E; 0 —
H "
= R —
g =
g 2 o —
5 o T—
= 1 O —
= I I o —
E a W —
= a - [=1 m o (= [=1 i [=1 w (=] w @
2 9 rroBoQ @ @ g 2 57 7
A 2 B = 2 2 @ = % 2 & = - I — I—
@ 8 2 5§ 3 2 2 2 @ H H H W aF 10 13 e 23 16 kS
@ @ @ 2 2 2 @ @ @ L,
Saurce: 0AR

99



m
‘mrm;m Infrastructure

Network Rail owns and operates the
National Rail network.

High Speed One owns and operates the
high speedline from Londontothe Channel
Tunnel

Eurotunnel owns and operates the Channel
Tunnel

@.
oenmet. Infrastructure - Network Rail

* Network Rail owns and
manages the rail
network

* ORR regulates Network
Rail, safety, and capacity
allocation
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@.
ey Train operators

Most passenger senvices
operated by private companies
under contract to public
authorities (franchises™)

= Some “open access”
passenger operations

= Private rail freight operators

= Most passenger rolling stockis
owned by leasing companies

= Rail passenger franchises are
awarded and managed by
public authorities

.EQ;.
‘ﬁﬂ“s&‘t Industry Structure

Cepartert for Transpail e [S—

{ard mehar fmnctising sathasboe) Gt
CATicE of The Ral REgulator

Flarchse
Licarde
FPELET e
Lzenzz TegukIian

@@ @@ ""'“
é
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Who pays for Britain’s Railways?

G8 Rail Industey Finandials Information Report 2013-14

Sources of industry income: £13.3bn

Passengers
£9.0bn

L, PTES snd echer

tnh Kkt b Opwesons.

Government

(2400
(Ll
€810
03bn

o Ot Bt of Skt o By

Other sources
£0.5bn
rCome from property.

3ations retal freight snd
hed ctomary

Train operators
£8.9bn
(R0 300 #ashoting N8 Aargesd

2.6
(48 20
{2804

(635
NeCwnrk Badi charges (2480

pom—

SLfY conen
Rolling pack
Sy oty

Track pows et

WTar arges L1008

Network Rail
£6.2bn
Operating Costs
Maletenance costy

Fmancing costs
Sepracianen

sy

Breakdown of industry expenditure: £12.7bn

L2000
11060
1480
(1500

(T )

Crossrail

Department
for Transport
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ent

ptment. Thameslink Project

= 24 trains per hour, 12 carriage ':_":."‘“""”W_;_f‘:'_"'“""’"”_' 2ot
trains

Yock
Leeds
Presten Beodford .
‘j GREATER WESTrYOASHVE
MANCHESTER
Wipan = .
() Manchester

Liverpeel. Rocherhom

? [IManchester A Sheffield Meadowhad hs

ot Airport 2
Runcamn 2]

Shesteld SOUTHYORKSHRE

Steke

Nettmpham
L
Saaperd Eas1 Midlands Hub J
LASTMIDLANDS
Lewester
Birmingham Interchange K5 Sunon

Dirmingham (B 0)

153 destinaticn served by MS3 classs compatible pervices.
WESTAMOLANGS [+)

Core Nigh speed netwedk (Phases One & Two)

2 €OMNECLOn 10 exsting ral netwerk
Claspc compat ble servces on West Coat ManLne
Classc compatble servies on Eait Codst Manling
Exating Lises with potential for fiture comectonto HS:

11110

[0 e ]

014 Oak Common Mi(z)
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(F1) Exporting to Taiwan Whole Life Cycle Cost February 2016/LPA

LPA in Taiwan y \
'-—-*\-\.._\_H_\!_/'I
Long Life Relabiliy

1936 EMUZ00 11x3 car sets deliveredto daes nod cost e earlh
TRA with LPA Connectors manufactured ;
underlicence. In senvice for around
twenty years with excellent reliability

TRA recognisedthe inherent reliability of
pin and tube connectors and called for
this technology on EMUT00. LPA, with
our Taiwanese partner Union Group
suppliedthe connectors and umbilicals
for EMUT OO

LPA and Union have subsequently
supplied connectors and umbilicalsfor
EMUB00, EMUB00x1 and Taiwan Tilting
Train 2

ProposedNew LEDLighting ")
Systems design and L-\_,.J

manufacturing facility Long Ufe Rokablty

does not cos! Ihe earth
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Electro-Mechanical iﬂ\\

Connection SystemsDesign wm.
and manufacturing Long Ut Rotabilty

does not cos! Ihe earth

Commercial in Confidence
LPA Lighting Systems : Eﬂ\\
LED Lighting Experts Lase e Setoomy
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(73) Balfour Beatty Rail/ Engineering and Technology Solutions

‘Delivering the benefits of technology to infrastructure asset management’

Electrification Clearance Challenge

» Overhead line electrification of an existing
railway often presents a challenge at structores
where the available space is limited

» Particular problem areas are brid gesand
tunnels, where the cost of modifying the
structure or the track can be veryexpensive and
the track possession time to do the work is very
dismuptive

» Providing the space can be 25% of the cost of
electrification

» Balfour Beatty Rail have a range of tnnovative
solutions to improve clearances

Balfour Beatty Rail Electrification Clearance Solutions

ik

» Three solutions, that can be used
together or individually

» Some already partly known

» Some are veryrecent
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Electrification Clearance Solutions

» Costeffective track
lowering and fixity
improvement

» Reduced depthconductor
beams

» More accurate measurement
and analysis of clearance
requirements

» Combined they can provide
up to 400mm of clearance

XiTRACK Examples of Use

Heavy Haul / High Speed/Light Rail / jsEEses
Metro [
No Ballast Maintenance Required /

No Tamping of S&C
Track Supportat Transitions Maintaining Structure Clearance/ Track

Datual Fod Raskeasit f Control of ballast ™%
S&C/Curves on §
Sy embankments §
% 1deal for High Speed with and reducing

=34 Crossing Traffic dynamic loads
on
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Balfour Beatty

Our Most Challenging Application
Toadmoor Tunnel (Opened 1840}

» Line speed improvement
» Fuom 60 mph 020 mph
» 225 tonne sode loads
» 1200m curve

» Problem definition
» Tightclearances
» High reintenance input alveady, incressing line speed may nake Impossible
» Tarnping not possible due to shallow (and diffexential) bellast depths

» Duainage concems
» Little ivne fow wouk, vradweek nights to be used

» Other options
» Conerete Slab Track not an option in svadlable tiree cx budget

Balfour Beatty

Solution Design and Testing

¥ We budlt the worst case scenario full size at Heriot-
Watt Taversity in Edinburgh and tested 10 wears of
accelerated fatigue loading

¥ Ouantitative evidence

v Allowing reduced tallast depth
Pucaring longevity, rreintsanabiity and fiaty
Il settlement after 10 veax sivmlation

]
]
b Btesses venaged . hery
¢ Ballast rrageation peevented -
¢ Fiaty devonstrated in the rviediurmhigh mnge -
¢ Confidence toxsiss the line speed, E:
» Successtully installed. Summer 2014 ;Ef e
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XITRACK benefits for electrification clearance improvement

¥ Work haz proved a solubion for any reduced ballast lager requirement including for
electrification track lowers

¥ Confidence that 100mmm of XiTRACE ballast can be nzed, freeing 200mm of space
b Without needing totouch the foormetion
b Without sny sk to desdnage
v Mindrnising dsk to tunnel wall support (Penrrenshiel)

,/"H"\\ /_H_\

v Track fixity standards allow further clearance improvement
v 250 Jaterally snd 15 wertically b roning tose foorn ow o high fixdtr

XiTRACK benefits for electrification clearance improvement

» Workcan be done in one third of the time and for half of the cost
+ Fewer possessions

+ Fewerengineenng tiains
» Much less disruption

» Additional benefits in
+ Reduced track maintenance
» Potential toinciease line speeds
» Incressed suppont oversoft fooredion
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Embedded Rail Systerr:
Height (mm)

Further clearance improvement
- saving another 2

S
1200 200

Lifs Cyele Cost biefits / : 77\

Fail Safe
- fully ultrasomically inspectable
- noxadl foot for defects tohade
-rail hwesk would be benign

Reduced complexity

Reduced depth conductor beams

» Developed by Balfour Beatty Rail and provenon Thameslink,

» Canprovide up to 100mm of additional clearance

» Robust, easily constructed, ‘productionline” solution where space is at a premium

» Hollow extruded aluminium sections, cut to length and joined with bolted splice plates

» Un-tensioned conventional contact wire

» Using wn-tensioned wire :
» Eliminates bulky tensioning devices
» Reduces loading on suwounding
infrastouc tue
» Eliminates use of tunnel niches for
tension weight assemblies
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Reduced depth conductor beams - maintenance benefits

» Maintenance is minimal with barely any
moving parts

» As the contactwire is un-tensioned the
wear allowance can be safely tncreased,
extending life by around 10%

» Wear on the pantograph carbon strip is
also improved as the conductor beam is
installed laterally in & true sinusoidal
wave rather than staggered

Low height conductor beams - performance benefits

» Significantly reducesthe chance of
de-wirement:
» non-tensioned
» absence of haud spots

» impuoved pantogiaph / contact wive
dynaimics

» Increased electrical short circuit rating

» More robustelectrical sectioning
» aligap between two sechions of
beam,

» Irnpuovernent over traditional high
rraintenance secton insulators
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Structure Gauge Measurement
» Any vequived platform
» High accwsacy integration with tiack geometyy data

» Output information compatible with industoy
standaxd CAD packages and in-house databesss
and cleasance analysis

» Suppoting the UK = leading appooach to
clearance gauging, giving mowe space for vehicle
aperation than any othex methad

References

» LaserFlex - high speed train based
rreaswernent for Netwaoik Rail, TTC,
FPATH

» LGV - RRV based measwerment
services fox Netwok Rail

» LaserSweep - menual measuement
equipment sales, hie and sexvices

TrackRoute™
3D Infrastructure Database

» Used to manage all Network Raﬂgaug'm?‘-—---
measurements

T -
= e
» Developed and hosted by EER '
- 3
» Links variousfields suchas profile, e
location, speed & track geometry

» Direct outputto ClearRoute for clearance| -
analysis

» Supported by BER forover 15 years
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ClearRoute™

Clearance Assessment

» Clearances between infrastructure and e e
vehicle and between vehicles Ry o

» Static gauging and dymamic gauging
with vehicle models

» UIC kinematic gauging
» Platform stepping caleulations $

» Allows complete route assessment me

» Compliant with all relevantstandards Sansli=

Gauging Services
Specialist Gauging Consultancy

» The consvltants”  consultant

» Advanced toolbox
+ CleaxRoute+ and HypeiRoute

» Specialist knowled ge
» Proactive projectinvolvement

» Full service - measurement through to
certification

» Involved inall new tratns for the UK
since privatisation
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Absolute Gauging Analysis of Platform Clearances

» Absolute Gauging tncludes an assessment of platform stepping distances
» Used to assess compliance to the UK Disability Discrimination &ct
» Helps provide the most cost effective mitigation measures

e 1 Prartoom 1 (VWS rnch Gaamertry Chat
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Gauging of OLE

CleaxRoute™ OLE Gauges 3 S .v:t--.':-.._,_ - \',}
7 .. "v: 3
Used to roughestimate OLE tight spots //' .,
/ e
Used in all current UK electrification 4 \
feasibility studies i A
5 |
Canstudy any OLE design '.r | [ ]
| l
Will currently allow modelling of conductor g
beams and track lowers ; ’
! ;
Butuses a static model, so conservative ! :_'
\l = /
b« i
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New Dynamic OLE Gauges

¥ Mew dwmamic gavges in development
(Futore Radluan)

¥ Adjusts with track geometor and line speed
¥ bore accurate clearances for arched stroctores

¥ Eeleazes over 100mm of space in areas showin

- Emuiong G wngsn Famograph G

Fiagid of Biruciurs ARL
i r
‘#{}'.- “ /-19:." -
R '.II
I I L ]
Proenbsrd IR wrd BH
130rmm Cand Defoancy Guga edial
e Cond D 7
Piosr spih sl 5 104 Gat

|
!

Business benefits and availability

structures requiring modification could be
unchanged vsing this assessment

which we can use for consultancy

6 to 9 months for clients to vse

Plans for second stage to incorporate cost
modelling

v

» Preliminaryanalysis for the MML suggested two

» Available in 3 monthsas a prototype, following

» Available as anadd onmodule in ClesrRoute in
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Crossrail West Outer Electrification

References for Measurement Systems

= NetworkRail, UK — almost all measurements now made by new BBR systems
= London Underground - provided fully equipped Asset Inspection Train

= Queensland Rail, Australia - road-rail vehicle with a wide range of systems

= KTR, Hong Kong- order late 2012 for a new measurement vehicle

= Hitachi, Japan —recent order for UTGMS forthe IEP fleet forthe UK
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Asset Inspection Train for London Underground

= Key Systems:

— Inertial Track Geometry

- Running Rail Profile
— Corrugation

- RFID/IGPS based
location

— Thermal Imaging
- Ride Quality

- Noise

- Synchronized data
display

\ VL — Mutti Channel Digtal
= = - I’\ Y/ Video

7 q

Measurement Car for MTRC, Hong Kong

* Key Features:
- Contractawarded 2012
- Scope of work comprises:
— TrueTrak TGHS

- Non-centacting OHL
measurement (including wear)

— Rail profile (DMA)
- Uttrasenic rail testing (RTI)
- DataMap

- Balfour Beatty are Project
Manager and systems integrator
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Unattended Track Geometry Measurement

MNewtrack geometry measurement equipment
compactand automatedtofit to a passengertrain
- Dramatically reduced cost
- Much maore frequent measurement
*  Frequentmeasurement provides an early
indication of developing faults and understanding
of deterioration rates
*  This allows the rightmaintenance to be carried out
atthe optimumtime
- Atan early stage where it can be ssen to be cost effectve
- Where safe, 3= late 35 possible to minimiss intervention
costs or when other work is planned

»  andated for all new UK fleets by the DfT

UTGMS for Hitachi for [EP

* UK Department for Transport mandating
UTGMS as part of all new train fleets
— [EP, Crossrail Thameslink

» Asmall percentage of vehicles need be
fitted

* Following extensive evaluation BBR were
recently awarded the contract

» Systemdesigned into the vehicle from
build

* |nitial fitment and commissioning in Japan
* Remaining vehicles built in the UK
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DataMap™ - The Synchronised View
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Predictive Maintenance
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Flre-fighting now under conirol, mowe
fo proacike malmenance planning for
remedial actin by plant eguipment

Exxamine the growth rate of the statistical guality index values
to see when each will brezch the maintznance level and
schedule plant cost-effectvehywith pre-warned information.

Waorz gfficiant use of plant leads 10 cost reductions over time

= Balfour Beatty
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Signalling Monitoring

v [Diagnosticand prognostic

v Businesscase driven, primarily by delay
minute reduction

v AssefViewis an event monitoring and LA
analysis systemthatautomatically analyses  [E555000 e i
the results from analogue and digital BVEN! | ssmmmmm——
recorders, including data driven systems — e e
suchas Solid State Interlocking : T

v Embeddedsignalling engineer ‘know-how

v MNowcovers around 40% of the UK netwark _,__ = —

Intelligent Analysis

= AssetView processesdatafromarange of sources to provide meaningful
information onthe performance ofthe asset.

Point machine operating statistics

Signal lamp / LED burn times and operations

Graphical replay for incident replay and route cause identification

Operational performance statistics - 2.g: aspect shown to approaching trains, direction of
trains over switches

Predictive and reactive failure slerts - 2.g: SPAD, Change of Aspect and asset failure slerts
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Delivering Benefits

* At a3 key London stationthe system provided circa 10,000 minutes
(£600,000) delay savings over 18 months by:

v |dentifying the root cause of a Change of Aspect fault withouttesting

*  Early detection of slowing points ata key Junction

v |dentifying point detection flicking under passing train—preventing a
potential Change of Aspect fault

* [Diagnosingthe rootcause of a Signal PassedatDanger ata key location

Structure Gauge Measurement

= Structure Gauge Measurement
- Any required pistbrm
- High aoouracy Integration Wit track geometry aata

References
- LaserFiex - high speed traln b3sed
measurement for Network Rall, TTC, PATH
- LGV -RRVb3sed measurement senices for
Network Rall
- LzerSwesp - manual measuremant
eculoment s3kes, hire and senices
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XITRACK Examples of Use

*  No tamping of S&C

*  Track Support at Transitions .

¢ o0 ‘
fiad *  Lateral End Restraint +  Control of ballast &
Y § cie i
A for S&C/Curves and reducing §
* |deal for High Speed dynamic loads on
: with Crossing Traffic embankments |

Electrification Design

*  Total power and electrification design capability
for all types of new railway projects, including
upgrades and converting existing systems

*  Projects rangefrom Overhead Lines, AC and
DC Power Supply to Conductor Rail systems

*  Unrivalledin-house design capability, including
feasibility studies, basic design, installation
design and detailedfinal documentation

* |nnovative solutions using unique software tools
able to interpret the demanding requirements of
modern railway systems

v (Officesin the UK and Malaysia

122



Solutions for Electrification Clearance

*  (werhead line electrification of an existing
railway often presents a challenge at structures
wherethe available spaceis limited

*  Particularproblem areas are bridges and
tunnels, wherethe cost of modifying the
structure or the track can be very expensive and
the track possessiontime to do the work isvery
disruptive

* Providingthe space can be 25% of the costof
electrification

* BalfourBeatty Railhave a range of innovative
solutions to improve clearances

Solutions for Electrification Clearance

*  Costeffective track lowering
andfixity improvement

* Reduced depth conductor
beams

= More accurate measurement
and analysis of clearance
requirements

* Combinedtheycan provide up
to 400mm of clearance
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Electrification Supplies

= Asaresultof major electrification Projects worldwide, BBR
has developed a wide range of Overhead Catenary and
Traction Power Supply Equipment

« We supply all forms of equipment for mainling, light rail
transit, metro and mass transit systems

« We supply fulty traceable new materialz and spares to
maintenance organisations, contractorsand directto
clients in the UK and throughout Europe, Scandinavia,
Asia, Africa, The Americas and Australazia

« Specialist products include high speed neutral sections and
rigid conductor beams

= We candevelop consignment stock propozals in
conjunction with our clients to meet the urgent demands for
both maintenance and project works

Asset Management and Maintenance Consultancy

v Maintenance and asset management planning
* Benchmarking of current performance

v Efficiency and performance improvement

v Establishing new and improved processes

v |ntroducing newtechnology

v |ntroducing new skills and competenciesto
meetchanging demands —including formal
andinformaltraining

v |mproved asset management and
maintenance regimes

*  More efficientoperation and reduced costs
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