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Executive Summary

Thisdeliverable, D5.3.2 Migration Scenarios arathd, presents a link between work packages WP5.1, WP5.2

and WP5.4, as well as bridging between the technical SPs (SP1, SP2, SP3 and SP4). This takes targets originally
defined in D5.1.1 and looks at how theyeapplied to the C4R innovations, aims to understand the innovations

as well as analyse the specific case study lines and routes and gather data on these to allow innovations be
applied specifically within WP5.4. Not all of the case study lines havedBeS R Ay 2t ponX (K2a$s i
their analysis and baseline data is presented in this deliverable. However, for those that were used within WP5.4,

the detailed data and final scenarios are presented as part of the cost benefit analysis within dediB5abiZ3.
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Abbreviations and acronyms

Abbreviation / Acronym | Description

C4R Capacity4Rail

CBA CostBenefit Analysis
DOW Description Of Work

KR Key Performance Indicator
LCC Life Cycle Cost

MCA Multi-Criteria Analysis
RAMS Reliability, Availability, Maintainability, Safety
SP SubProject

TEN Trans European Network
TRL Technical Readinessvel
WP Work-Package
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1 Introduction

One of the very first tasks of CAPACITY4BRB. wa to define a comprehensive roadmap to describe the
necessary steps to develop and implement innovation and to progress from the currervostidite-art to a
shared global vision of the 2050 railway along realistic scenarios.

Five major requirements havieeen defined for all the developments within this project: The future railway
system should be affordable, adaptable, autondteesilient and high capacity, the definitions are described in
detail in the Capacity4Rail deliverable D5.1.1.

{tp &aASkNio$ang Patis O2y il Aya GKS K2NAT 2y aGrt |aLsSoda 27F |/
pillars of the project. The objectives of SP5 are to set up the assessment framework, describe the collective
GxA&dA2Yé YR aO0Syl NA 2igngandcargindihe gldbal &sedskéht oRtise Ydjgttolitplis (i

to finally propose a roadmap for the future research work and implementation of the innovations to ensure the
migration of the current railway syam towards the targeted vision and align withetambitions of Shift2Rail.

The work of WP5.tutlined the available national and European strategies, a global vision for the future railway
system requirements, including the definition of five key aspects of the vision: affordability, adaptability,
automation, resilience and high capacity. For each of these five criteria, a timeframe for subjects for research
and development were setup, scheduling the successive steps of development, demonstration, legislation and
implementation.

The assessment framewohas beenset up in WP 5.2, with the identification of methodologies, collection of

needed data, and creation of analysis templat&ork package 5.& { OSy I NA 2 & hiyidio dafiled NI (G A 2 y
the selectedmigration scenarios and patted todevelop the teps to migrate from existingail systemto the

one envisioned in WP5, faking into account the innovations and technologies identified in SP1 to-&fvever,

this work is supposed teet up fromthe innovationsand technologies to be developed by thab-projects (SP1

SP4) as well as on the common vision and roadmap for railway in 2030/2050 developed in Wi5phrticular

part of the work has also been carried out in very close cooperation with WP5.4 and the assessment and
scenarios have been deloped together.

This document is structured to reflect the different aims of this deliverable, firstly giving an overview referring to
thek ANBSR GKS GSNX¥Ay2f23AS3a8 YR RSTAYAGA2YyazZ GKS NRIRY
project.

In the subsequent chapter the approach regarding the definition of the scenarios is pres#mdetijghlights

the distinction between the generic scenarios related to SPY innovations and the specific scenarios related

to the selected corridorddowever this deliverable describes the possible scenarios in a global way with different
possibilities just related to the indicated innovations and technologies of the SP1 to SP4 and describes the initial
qualitative analysis which was carried out to identifpese the different C4R innovations will impact on the
targets set out in the roadmap.
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2 Objectives

Theoverall aim of this document is to identify and describe the migration scenarios and, pathisis work was

carried out with WP5.4, the final scenarigsKk A OK KI @S 06SSy |aasSaaSR I NB LINBaSy

deliverables. However, in this documehte development of thescenarios and thsteps to migrate from existing
system to the future one agreed in WP5ake describediaking into accounthe innovations and technologies
identified in SP1 to SP4. In this regaha innovations that will be developed within the project will be discussed.
The TRL levels of the innovations, and possible time frames to be reached with the expected outputs will be
discussed.

The output of this deliverabldescribes theénput for the assessment of the technologies and innovations to be
carried out in WP5.4 in terms of CBahere the migration scenarios have been developed in greater depth for

two of the four case studies which have been presented h&tee development of the specificignation
scenarios have required very in depth discussions with the other Capacity4Rail SPs and persons familiar with the
case study routes to fully understand how the migration would occur in a real world scenario.
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3 General overview

3.1 TERMINOLOGIES AND ENITIONS

Early on in SP5 the need to identify common definitions was established. These common definitions proved
necessary to ensure that the communication within the project was consistent and well understood. The
terminology as defined below and alsatlin WP5.1 was developed and is specific to the context of the
Capacity4Rail project.

Vision

The Vision represents the overarching aims and aspirations for the railway system as reflected in European Union
and National Longerm strategies for Rail. The vision describes the railway which meets the demands of the
scenarios developed and defined ipresentative bodies given specified drivers.

For example a vision to address the scenario of increased demand for commuting journeys from suburban areas
AyiG2 OAaAGe OSyiNBa YIe 06S aOF LI OAGE G LIS GNI @St GAY
Drivers

In the Capacity4Rail project the drivers are, along with the Vision, the potentiat sosoimomic or environmental
futures against which the needs and use of the railways will be considered.

The drivers might for example be:

Go6e& Hnpn dNBlIyAalGArAzy O2yiAaydzsSa (2 AyONBF&S | yR dm: 2
places are concentrated in the urban centres increasing the demand for travel from the suburban areas into
central business districts and incregAisE RSYlF YR F2NJ AY G SNUHz2NDBFy (NI @S¢t ¢

or an opposing alternative may be

G6& Hnnpn GKS AyONBlIrasS Ay (GSOKyz2t23& |yR dzoAljdAade 27F
working, halting the rise of urbanisation, existing commuter routes are urtdised and uneconomical.
55YFyRa (2 02yySOG avlttSNI O2YYdzyAGASE G2 Lzt AO GNIyY
Another alternative may centre around the threat of sétfving personal vehicles on the highway

G 6 & H adpiving an& delParking highwayehicles are the transport mode of choice for all long distance and
medium distance personal and freight journeys. Autonomous vehicles provide greater comfort, -4o-emd
journey and equal or faster total journey times. Public transport reserved fornuatimg travel into highly
congested urban areas or for low earning families unable to afford to purchase or access to personal autonomous
GSKAOft Sa¢ o

Target

Targets are specific, measurable, and have a time reference. Targets are derived from the vididrns against
the targets that the progress of the Capacity4Rail innovations will be measured. Eg a target may be to halve
operational costs on a specific route by 2050.

Scenario

CAPACITY4RAIL PUBLIC Page9
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I a0SYIFNAR2 A& | LRGSYGAFT WO2 Yway iyidy el regyiired?td cogemithdzl G A 2 v 3
including the characteristics of railway routes (infrastructure, local climatic conditions & variations, operations,
bottlenecks et and particular combinations of overarching drivers. For example, to meet the visimulbling

FNBAIKG OF LI OAGE o0& wnpn BAGK GKS a20A2S5S02y2YA0 RNA Q¢
FNBAIKG 2LISNI GA2Yy& Ay dzNBFyYy | NBIagod

Within Capacity4Rail several scenarios should be considered, and their likelihood based on cemoensiiould
be evaluated. For each scenario, visions should be created for what the characteristics of the railway should be
for each scenario.

The role of scenarios in C4R is to both test the outputs and also demonstrate how C4R outputs will help deliver
the 2050 vision of a higher capacity passenger and freight railways that can be delivered more efficiently than
G2RI8Qa NIAfglea GKNRBdAzZK AYLINRGSR NBtAFOAftAGEZT | FF2NR

Baseline

The baseline is against which the path willdmenpared. The baseline to be assessed can be considered as the

do minimum/do nothing case. However, it must be assessed against the same criteria as the C4R technology. For
example if the technology is being assessed against the freight traffic loa@S@fthe baseline case should also

be assessed against the same boundary conditions.

Bdtleneck (physical constraints)

In this context bottlenecks are more physigarastructure constraintsuch as heavy loaded/operated critical

parts of the railway netwrk, i.e. critical nodes, level junctions connecting different routes, heavily operated track
sections, etc Capacity constraint is related to track sections on corridors, where the total traffic demand of
freight and passenger trains exceeds the avadlabhpacityincluding consideration of capacity used for
maintenance works per section. For example a capacity constraint could include braking performance; vehicles
may be also seen as critical components of the railway system as a whole: the techneanstamount of
vehicles is critical for the railway operations and its operational flow.

Migration

The migration path is themplementation of a specific technology to achieve a vision. For example a migration

path to address the vision of doubling capaé @ Yl & 0SS & KA 3 Kwhieh régBiresirhironfalS aft I o
YIAYGSYylFryOS IyR AY(iSNBSyiGAz2ya 20SNI Ada tAFTSGAYSEéED

Path

A path is a timeline of migrations and combination of technologies within a scenario for a particular case study.

Case study

Case studies are used to assess the migration path technologies. The case study will compare a technology
against a base case for a specific geographical location or route and the physical characteristics of that
route/location and traffic characteristiosan be applied to assess the impact of the innovation and how far it
goes towards achieving the vision.
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Boundary conditions

Boundary conditions are part of a case study, they define the boundaries of the assessment, what is in and what
is out of theassessment, and define the for example traffic.

Technology

A technology is an innovation or identified technology developed fromSR1Lin the Capacity4Rail project which
is to be assessed against the baseline case.

Specific parameters (technical objeets)

The specific parameters are the technical objectives for the innovations developed within the C4R project. These
technical objectives are defined within the C4R work packages and will contribute towards the targets. (eg a
specific parameter may be raa delay time due to maintenance, this specific parameter is directly linked to the
target of reduction of train delays due to infrastructure failures.) Each specific parameter has a baseline value
and a Scenario 2030 and Scenario 2050 objective.

Roadmap

The impacts of the innovation/technology are the extent to which they contribute towards the targets.

The roadmaps set the 2050 vision for an affordable, adaptable, resilient, automated and high capacity European
railway. The starting point for each roadm is the
definition of one of the five aspects of the vision. Whil /
it is clear that there are interdependencies between th
five aspects, for clarity and to reduce duplication, tr
definitions have been scoped to reduce, as far
practical, interdependecies between them.

Actual system proven in operational
environment

System complete and qualified

System prototype demonstration in
operational environment

Technology Readiness LevdRL Technology demonstrated in relevant
environment
Technology validated in relevant

environment

Technology Readiness Assessment (TRA) is a systel
and metricsbased process used to assess the matur
of new technologies and concepts. TRL tables are a
of nine progressive levels that any tediogy needs to

go through before being considered sufficiently matui

to be used in a complex operational system. ‘
“' - Technology concept formulated

Technology validated in lab

Experimental proof of concept

Basic principles observed
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3.2 ROADMAR PROJECT TARGETS ANNEFINED+ 0 § 0

The roadmap has been developed within WP5.1 and can be described within Deliverable 5.1abadrhéprwill
be further updated at the end of the project within deliverable 5.6.1, Refined Railway System 2030/2050. The
initial roadmap hagrovides inputs into the project targets and for the definition of the scenarios.

D5.1.1roadmap- relevant pointsfor the development of the scenarias

The report provides initial versions fiffe highlevel roadmaps The roadmaps set the 2050 vision for an
affordable, adaptable, resilient, automated and high capaé&tyopean railway. The starting point for each
roadmap is the definition of one of the five aspects of the vision.

The roadmaps have been developed following a review of literatureluding key documents such as the
9dzNR LIS y |/ Wht¥ Raper Xheyiszide key metrics and published targets towards delivering the
vision, as well as a list of broddsed research and development activities. Research activities undertaken by
SubProjects 1 to 4 (omfrastructure; new concepts for freight; operahs for enhanced capacity; and advanced
monitoring) of Capacity for Rail (C4R) project should, therefore, align with these activities. To achieve alignment,
a workshop had been held with representatives of all the-Brdject teams to review the roadmapsthe light

of the state of the art information derived by the S&ojects.

Following the workshop the higlevel roadmaps have been revised and delivered as an important reference for
the Capacity4Rail project to show how the project is contributindhie delivery of the overall vision for the
European rail network of 2050.

A number of different formats were trialled during the development of roadmaps. Following team reviews, it
was agreed that the format for the roadmaps would combine an approptetel of detail in logical structure
that allowed the information to be presented on a single A3 page.

Each roadmap comprises three sections.

i A timeframe showing targets, taken from literature review, that are apposite to the achievement of
the key aspets. Targets are grouped under three headings; for example, economic, environmental
FYR &alFFSde F2NI Ly abFFF2NRIOfSE NIAfgLeod

i Relevant outputs that will contribute to (or are associated with) the achievement of tlgets, and
a set of relevant transport industry trends and drivers.
i Subject for R&D broken down into three broad categories: (a) infrastructure and retticg, (b)

operating models, (¢) documentation. A further breakdown by time and activity type gha&D,
demonstration projects, legislation and implementation) is provided usinguc@oded arrows.

*More details on the roadmap and defined targets can be taken from D5.1.1.
Regarding project targets

The crucial research and development benefit of &ty 4Rail lays in the systemic and holistic approach to the
development of new concepts fduture infrastructure, vehicles, communicatisand operation technologies
The capacity issue is addressed in three different ways:
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A more efficient use of exisitg resources, by optimising operating strategies, enhancing traffic planning,
improving transshipment procedures and improving automation and operational procedures to reduce
the time needed to recover from traffic disruption

A reduction of thenon-operational capacitconsumers, through the design of resilient, reliable and-low
maintenance infrastructure and vehicles, nirusive inspection, fast renewal and construction
processes

An increase of the performance of existing resources, throughificant improvements of wagons
YIYySdz&SNroAfAlGe YR SldZALIYSYyld G2 FyasSN FTNBAIKDG
performance

wS3IFNRAY3I GKS YtLQa RSTFAYS Ay /nw

KPIs specifically address among others items the noise reduction, the commeezal isnprovement, the
punctuality, the energy saving and the maintenance cost reduction on the wagon and on the rail. Defined KPIs
for each SB within C4R are as follows;

SP1

SR

SP3

SP4

LCC = 20% less than conventional design

50% shorter timeslots for maintenance

Overal capacity improvement +20% in 2020 and +50% by 2030

+ 20% capacity by 2020

+ 50% reliability by 2030

- 30% operational costs by 2030

50% reduction of track unavailability by 2030
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4 Selected corridors

Within D53.1 the whole current railway system was presented as a network of railway corridors and supporting
points (real sites) focarrying morecomprehensive informatiogatheringfor locations forthe assessmentf the
migration to the newC4Rsystens, within WP5.4

Real sites/corridors hae been chosen in order to prepare the assessment of migration to the future rail system.

The partners involved iBPSnitially agreed to considethe followingcorridorsfor developing thescenarios

- East Coast Maline in the UK

Regarding the ScaimvianMediterranean corridoMalma to Mj6lby in Sweden)

North SeaMediterranean (Perpignan, Marseille, Metz, in France)
- RhineAlpine (German section)

However, his list was further refined based on the availabilitydata anddetailedbaseline data was collected
for the following corridors:

- East Coast Mainline in the UK

- ScandhavianMediterranean corridoMalmé to Mjolby in Sweden)

North SeaMediterranean (Perpignan, Marseille, Metz, in France)

North Sea; Mediterranean (Spanish sectierfrrench/Spanish border to Barcelona and Valencia)

Each of these routes are introduced below and detailed baseline data for East Coast Mainline in the UK and the
North SeaMediterranean Spanish Section are presented in thpeaqulices to this deliverable. Whereas the
detailed baseline data for the other routes are presented within the deliverables related to WP5.4. The reason
for this is that due to time constraints only two of the corridors were taken forward for assessmais and
therefore the detailed baseline data was collectetd the scenarios refineas part of that work package.

4.1 SCENARIODEFINITIONSFOR ASELECTEDCORRIDOR

On a selected corridor section baselinescenario is then defined biye available data ahd that route. This
data should include the following

Infrastructure characteristics: Number of tracks, density of S&C
Monitoringand maintenancetrategy

Track possession strategy

Train characteristicsmaximum loading of vehicles and utilisation
Traffic scenari@ numbers of trains passenger and freight,

Traffic management principleand signalling system

Incident and natural hazards
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Costs related ta@urrentinfrastructure maintenancend operation costs

Value oftime and delays

Environmentaimpact (Emissions of CO2e) and the economic impact from emissions.
For each selected corridor the route is segmented, so that within each segment

A Ensure the availability of data. Each chosen site/corridor will be described in detail incl.:
Location (county/countries and regions),
Local conditionsdlimate, natural environmentetc.),
Ste characteristics, boundaries, infrastructure, constructions
Operations,
Capacity,
Hazards and safety issues,

A Collection and first evaluation of gathered information

A Checkif there are appropriate climate issues (flooding, extreme temperature, etc.) on the selected
routes

Thedetailedcorridor analysishouldalsorefer to following questions:

A Why these corridors have been selected

A Whatis notunder control?

A What are theweak points, constraints, hazarf$iot spots")?

A Are there any sections whercapacity constraints are now will be in the near future?

A How the C4R technologies/innovatiorman improve the situatiorin terms of solving the capacity

shortage in short-term view 2020 midterm 2030and longterm view 205(?

A What are the current investment plans under FEENor national upgrades and the time frames of
these?
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4.1.1 COMPARISON TO ROAD BBIDORS AND ROAD DAT

The Capacity4Rail targatxlude increased capacityrffuture increases to freight and passenger traffic as well
as for modal shift from road to rail. As a consequence, the Capacity4Rail scenarios must also consider data from
road, including:
1 Operational cost of road freight and passenger vehicles
Utilisationof road vehicles
Maximum loading of road vehicles
Value of time/cost of delays for road freight and road passengers
Environmental emissions and economic value of road vehicle emissions

= =4 =4 =

4.2 OVERVIEW OFSELECTEDROUTEY CORRIDORS

4.2.1 EASTCOASTMAIN LINE: PETERBOROUGHDONCASTER CORRIDOR

The ECML in the UK runs from London to Edinburgh and is a mixed traffic route. The ECML runs for a total length
of 632km Figurel a) East CoaMainlineFigurel), mainly with a 4 track layout, with two tracks (one for each
direction) for the slow lines and two tracks (one for each direction)Herfast lines. Mixed traffic runs along the

whole route with long distance intercity services mixing with regional stopping services as well as with freight.

The route is also roughly followed by the Al road (K80, which passes close to the same urbegaa. The Al

has several sections which are upgraded to motorway status (shown in dRigurel), however many sections

are still truck road status and in someedtthes still single carriageway. The Al is part of the European route E15,
from Algeciras, Spain to Inverness, Scotland.

This case study concentrates on the ECML and Al sections from Peterborough to Doncaster. In this stretch the
freight services are maiplseparated over a branch via Lincoln (Great Northern Great Eastern line) to improve
capacity and performance on the main passenger route. Over the same stretch from Peterborough to Doncaster
the Al is all dual carriage with between 2 and 3 lanes of traffieach direction. For most of the stretch from
Peterborough to Doncaster the Al is classified as a trunk road, however, the sections around Peterborough and
Doncaster are of motorway classification.
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Edinburgh Waverley ~ 2unbar

Berwick-upon-Tweed

Peterborough

Stevenage

London King's Cross

51 b)

a)

Figurel a) East CoadMainline and b) Al road route
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Figure2 Portion of the ECML between Peterborough and Doncaster

A detailed description of this route, baseline and future scenario data can be found within Appendix 4 of this
deliverable.
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4.2.2 SCANDNAVIAN-MEDITERRANEAN CORRIIR(MALMO TOMJOLBY INSWEDEN)

Swedish portion of the Scandinavidediterranean TEN Corridor, as illustrated migure3.

Figure3 Swedish Section of Scandinawdediterranean Corridor

For this analysis, the considered sections of the Swedish network are preserieeur! Source du renvoi
introuvable..

Tablel. Scandinavisla SRA G SNNF ySIFy / 2NNAR2NR& bSig2N] aSOiGAz2ya

Rail Corridor Segmentaion

S5 Stockholm - Katrineholm S5 Nassjo-Alvesta S7 | Kungsbacka-Angelholm
S5 Katrineholm-Hallsberg Sé6 Alvesta-Lund S7 | Angelholm - K&vlinge via Helsingborg
S5 Katrineholm-Norrkoping S5 Lund - Malmoé S7 :“A'mgmgelholm - Kavlinge via Astorp
S5 Norrképing-Mjdlby S6 Oslo-Halden S7 | Kavlinge - Lund
55 Hallsberg - Degerén S6 Halden-Oxnered 57 | Kavlinge - Malmé
S6 Degeron - Mjolby S6 Oxnered-Géteborg S8 | Malmo - Trelleborg
S5 Mijélby - Nassjo s7 Goteborg - Kungsbacka S9 | Malmé - Kgbenhavn
Road Corridor Segmentation
S5 | Stockholm - Helsingborg (E4) | S6 NO border - Goteborg (E6) S8 | Malmé - Trelleborg (E22)
S5 Helsingborg - Malmé (E20) S7 | Goteborg - Helsingborg (E20) | S9 | Malmé - Kgbenhavn (E20)

A detailed description of this route, baseline and future scenario data can be found within deliverabld35.4.2
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4.2.3 NORTHSEA- MEDITERRANEAN PERPIGNAN MARSEILLE METZ, IN FRANCH

A section of the PerpignanLuxembourg corridor was selected, specifically a section just north of the Spanish
border between MontepelliecBéziers, where there is currently a capacity constrain. ddnshus be treated as
a bottleneck analysis where the main aim is to solve the capacity shortage.

The scenario that is presented here was discussed and agreed during a Workshop Meeting in Paris on April 12
and 13, 2017.

The rail corridor section under alyais extends from Montpellier to Béziers along the Nimes to Narbonne line
that connects to the Spanish border at Perpignan. This is shown on the following map:

Lunas Le BosC
Saint-Jean-de-Fos

Aniana Saint-Gély-du-Fesc

Celles D e Varidary

Castelni\’rls ez
A N

\

Clermont-I'Hérault
larius

‘augres A75

Paulhan
7' Palavas-les-Flo

Roujan

Montagnac

Magalas ;
Pézenas A9

Servian

Pm———

Sérignan
This stretch of rail runs roughly parallel to the A9 motorway between Montpellier and Bézigich makes this
the main road alternative, as shown on this map:
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o ete
| 475 § A ®

Ziers

nbiers ‘
, = Portiragnes Vias_ Agde

Sérignan

The discussions we had with the partners, including the Workshop carried out in Paris on A@rill@ved to
characterize the stretch of the corridor as a bottleneck that is limifumgher traffic growth due to lack of
capacity. For this reason, we treated in in our analysis as being currently operating at 100% capacity.

A detailed description of this route, baseline and future scenario data can be found within deliverable D5.4.2.
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4.2.4 NORTHSEA Z MEDITERRANEAN(SPANISH SECTION FRENCHSPANISH BORDER
TO BARCELONA AND/ALENCIA

The Spanish section of the Mediterranean TENorridor from the French/Spanish border to Barcelona and
Valencia was also analysed as a possible case studytrenalysed for bottlenecks.

A detailed description of this route, baselidata and analysisan be found within Appendix 5 of this deliverable.

4.2.5 ANALYSIS OF THMEDITERRANEANCORRIDOR

In addition, the Mediterranean corridor was assessed for bottleneckkits potential as a whole corridor case
study, however, there was a lack of detailed data for the whole of this rodtis. dnhalysis is contained within
Appendix 6 of this deliverable.
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5 Development of the scenarios

5.1 DEFINITION OF THEBASELINE SCENARIO

P

22N] LI O1F3AS pdo a{OSYIFINAR2& |YyR YAINIGA2YE FAYa (2
paths and toidentify the steps to migrate from existing rail system to the one envisioned in WP5.1, taking into
account the innovations and technaes identified in SP1 to SP4.

By defining the scenarios a distinction between the generic scenarios (related #8F8Pihnovations) and the
specific scenarios (related to the selected corridors) have been made. However, in the following sections the
possible scenarios are described in a global way with different possibilities, related to the indicated innovations
and technologies of the SP1 to SP4, whereas the specific scenarios related to the selected corridors and routes
are described partly in the aex to this deliverable for the East Coast Mainline and for the Spanish part of the
Mediterraneancorridor, and the specific scenarios for the Swedish part of the -Stwth corridor and from
Montepellier¢Béziers are described in detail in D5.4.2

The defned scenarios shoulekfer tothe C4R targets such as

- The fragility of some key component of the infrastructure system (especially in extreme weather
conditions) such as switches may impact the efficiency of the whole system. The resilience of switches
to any kind of known failure will be reinforced, as well as the ability of the operation system to recover
from incidents (SP1)

- Intermodal integration within the global transport system will be improved through enhanced
transshipment of passengers and fretiB8P2)

- Capacity enhancements will also be achieved by higher speed freight vehicles, allowing an optimized
interleaving of freight trains into mixed traffic, and improved planning models for operation (SP3)

- New concepts for low maintenance infrastructire dz& A y3 & i | y RahdNBR A 18§ R 02y RO SdLlijtadz
be proposed. Notintrusive innovative monitoring techniques or setbnitoring infrastructure will be
investigated, allowing low or no impact (SP4)

However, the detail of the innovations has been degent upon input from the different technical syrojects.

For example detailed descriptions of the innovations have been provided from SP2 regarding rail freight
innovations (Appendix)7and the close working relationship with SP2 has led to the refinérokthe specific
scenarios within WP5.4.

Thebaseline scenario(s), taking selected corrglor sectionsvith the relevant characteristics of the railway

routes (boundary conditions, propertiefiture demands, capacity constraints gtserve as &#ase b compare

the current situation (without innovations) with the future situation (withe innovations of C4R). In addition,

it is necessaryo take into account the investment on specific corridors from the -TEMojects or other

national investmenschemes that will happen even without the Capacity4Rail innovaionthe different

case study lines these investment schemes will occur at different times and the investment might only be
applied to one part of the corridor first before being furthempaxded. This can have the impact that

potentially the investment may start on some sections and depending upon the technology being implemented
the benefits may not be realised until the upgrades have been completed on the whole route. For example
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infrastructure investments to allow for longer trains may not show any benefit until they applied to the whole
route so that longer trains can operate on the full length. On the other hand there may be stretches, for
example from a port to an inland terminal, whigvould see immediate benefit from the innovations being

applied just to that stretch. To allow us to consider these possibilities the routes have been segmented, for the
assessment, so that it is possible to see the costs and benefits as modificationggrades are made on

different sections at different times. It is also possible to implement scenarios where the rolling stock is
migrated over a period of time.

In terms of migration the timahenthe innovation will be available to be implemented (THRis 9ery important.

Each innovation will hawdifferent aimsg tackling different C4R prioritiedifferent TRL levels and therefore the
availability and accuracy of cost, reliability, availability, safety and capacity data will different

5.2 DEFINITION OFTHE CARSCENARIOS

I aO0SYIFINA2 A& | LRGSYGAIT WO2YoAylrGAz2y 2F &aAldzd GA2Y3
including the characteristics of railway routes (infrastructure, local climatic conditions and variations, operations,
bottlenecksetc.) and particular combinations of overarching drivers. For example, to meet the vision of doubling
FNBAIKG OF LI OAGE o0& wunpn 6AGK GKS a20A28502y2YA0 RNA B¢
FNBAIKG 2LISNI GA2y& AYy dzNBlFy | NBIF &¢o

Within Capacity4Rail several scenarios should be considered, and their likelihood based on current trends should
be evaluated. For each scenario, visions should be created for what the characteristics of the railway should be
for each scenario.

It is also importat to take into account scenarios for the future of road transport, if innovations in road freight,
for example heavier loads and driverless vehicles reduce the costs of road freight this is expected to impact on
the targets for modal shift from road to ita

The role of scenarios in C4R is to both test the outputs and also demonstrate how C4R outputs will help deliver
the 2050 vision of a higher capacity passenger and freight railways that can be delivered more efficiently than
G2RIF&Qa NI A fpmvedrdliability NrdzBikty, reésWience and automation.

In this approach the scenarios are set up from the C4R innovations and their key parameters related to the
capacity enhancement. So the scenarios are derived from the C4R innovations withstiogatesd technical
parameters contributing to Reliability, Availability and Capacity, i. e. reduction of infrastructure down time and
time for recover. Howevera scenario could be also a combination of C4R innovations (set of various scenarios
on the relded routes). "If you use this type of innovation or combined innovations, it could help to increase the
capacity and to cope with existing and future constraints of the selected corridor".

It should be emphasized that these C4R innovations are just oneftae EU vision and thishouldbe included

in the System Approach for the desired European Railway Network 2050. The Migration Strategy and Vision for
the 2050 Railway are provided through the SP5 wstrkam. In this way the C4R innovations willgeared to
produce outputs and outcomes that support the vision, and contribute towards EU vision.
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Approach for the definition of the Scenarios

First there wasa needto clarify the difference between bottlenecks and capacity constraints. Bottlenecks are
more physical infrastructure constraints such as heavy loaded/operated critical parts of the railway network, i.e.
critical nodes, level junctions connecting differerdutes, heavily operated track sections, etc. Capacity
constraint is related to track sections on corridors, where the total traffic demand of freight and passenger trains
exceeds the available capacity including consideration of capacity used for maineemarks per section. For
examplea capacity constraint could include braking performance.

In order todistinguishbetween whatC4R innovationsan influence and what they cope with (e. g. politics,
demand), we havéo look at current practices for shoterm view (2020) as well as beyond current practices
(take a longterm view to 2050), i. e. havingose technologies to handtbe future demands and higher capacity,
always with regard to the migration (from existing to future situation, from TRL Rto3)

In the context of C4R the scenarios are set up from the C4R innovationSPgHhnovations) and their key
parameters related to the capacity enhancement. So the scenarios are derived from the C4R innovations with
the associated technical parametérproperties contributing to Reliability, Availability and Capacity, i. e.
reduction of infrastructure down time and time for recover. Scenario could be also a combination of C4R
innovations (set of various scenarios on the related routes). "If you useyghé of innovation (also combination

of innovations), it could help to increase the capacity and to cope with the existing and future constraints of the
selected corridor™.

These are thennovationsk 1 SOKyYy 2f 23AS4& (K (i ahdwiBscéh&igsSfe otisstdon: e G KS {t
SP1: Design of resilient & reliable low maintenance infrastructure

1 WHP1.1: Modular integrated design of new concepts for infrastructure (new slab track)
1 WP 1.3: Switches & Crossings for future railways, enhanced resilienckite fai

SP2: Improved specs for rolling stock and trglnpment procedures

1 WP2.2: New freight wagons with higher axle loads (> 25T/aalé¢pmatic coupling with electrical
connection, lighter wagonsrack friendly running gear etc. More specifically th@ 8ihovations refer
to:

o Innovation 1: 6 axle car design for transport of light automotive and heavy intermodal
freight (maximising usable lengtQusing articulated bogies or shared wheel sets between
wagons

o Innovation 2: Increase flexibility of wagons tarry different containers by extending
OF NNEAY3 OFLIoOoAfAGE 20SN) GKS o0dzZFFSNER 0Si6SSy
containers

o Innovation 3: Improved braking to reduce maintenance castBlectrically controlled
braking valve on each wagdn ensure simultaneous braking leading to ability to have
longer and heavier trains and reduced maintenance costs

SP3: Use of traffic management as an innovation, incident recovering by improved traffic planning and operating
strategies

SP4: Integration foAdvanced Monitoring Systemsin the design & buiin process for easier to monitor
infrastructure with low cost and low impact inspection
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1 New monitoring systems (WP4.3, WP4.4)

For the definition of the scenarios sophisticated templates have been créatee able to gather all the relevant

information and boundarie¥ N2 Y

NEIj dzZA NBYSyYy i a
project as well as on the EU White Paper scenarios. To compare the actual situation with thesifutation

(implies the use of the C4R innovatipitsvas necessary identify thedifferencesbetween the laseline (current
situation, 2015)short-term view with2030 andongterm view with2050for the definition ofthe top targets as
well as the specific parameters, which is shown in the folloien&P1 exemplary.

27T

/I nw KI @8

TABLE2 DEFINITION OFHE TOP TARGEEREMPLARY FGBP 1

0. RtSirst{stepXiFe set of key parameters with regard to each SP are
described, which are relevant for capacity and project targets. With respect to each SP, the top targets and
658y RSUSN¥AYSRO® ¢KSa$

Top targets for Scenarios with respect to SP1

Boundaries

Baseline 2015

Scenario 2030

Scenario 2050

[/

O6bt 3 €0

100%

80%

Shorter timeslots for maintenance MTTR (hours)

100%

50%

Specific CO2 emissions by 2030 with respect to 1990, including

embodied carbon

50%

Unavailability/Disruptions due to EW events (measured by
infrastructure down-time); innovative design of infrastructure bein

resilient to severe weather conditions

100%

40%

80%

In the next step the specific parameters (technjgatameter$, being relevant for the scenarios with respect for

each SPhave been defined. a

g2 NJ

0SUeSSY

CAPACITY4RAIL

KA &

y 2

gl a

K G

Sl ae

i1l

F2NJ GKS

0 KS tq refifeathese SdeiariofethpldeSmde B scenario templates are
considered to serve as input for SP3, the focus was badledime on thespecificparameterswith realistic values
and to provide usefuhput for SP3 capacity simulatiomhis is shown below exemplary for SP1.
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TABLE3 DEFINITION OF THEPECIFIBARAMETERWITH RESPECT &P 1

Specific Parameters (technical objectives) for Scenarios with respect to SP1

Parameters Baseline Scenario 2030 Scenario 2050

Modular integrated design of new concepts for infrastructure - Innovative New Slab Track (WP 1.1)

Reliability (MTBF) 100% 200%
Unavailability due to maintenance - (MDT) 100% 50% MDT <yzgf TSI
Unavailability/Disruptions due to EW events (MDT) 100% 50% <50%
Unavailability due to inspection - (MDT) 100% 50% 20%
Maintainability/Installation of track (MTTR) 100% 50%

Flexible system

CO2 embodied emissions 100% 50%
compared to track
Low noise and vibration system on the -5 dB(A) -10 dB(A)

selected corridor
Innovative High Speed Track (WP 1.2)

Optimisation of design (same LCC while increasing maximum spged)

Innovative S&C (WP 1.3)

Reliability of S&C (MTBF) 100% 200%
Unavailability due to maintenance - (MDT) 100% 50% MDT <vzzf TS
Unavailability/Disruptions due to EW events (MDT) 100% 50% <50%
Unavailability due to inspection - (MDT) 100% 50% 20%
Maintainability/Installation of track (MTTR) 100% 50%

It can bestated, that he scenariodefinitions have been agreedith the SP leader and WP leadafter
reviewing.

Finally, the impact of the C4R innovations with the associated technical parameters on the five key aspects has
been indicated qualitatively by eacl? Sn this regard, each SP had to answer how far his concerned innovation
will contribute to the C4R project targets. The qualitative analysis has been carried out in order to determine the
optimum benefitthat the C4R innovations or their combinationsay provide (see appendices)t should be

noted, that the qualitative analysis has been discussed and agreed within SP1 to SP4.

The fdlowing table illustrates the approach regarding tikembinations of the scenarios and innovations
respectively.
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TABLE4 DEFINITION OF POBSE COMBINATIONS OHRE SCENARICQSXEMPLAR)Y

i i i Overall impact
. . o |nnoyat|ons b Strong impacton C4R[  TRLofthe | Additional contribution TRL of the Scenanqs bgsed y
Physical constraints o]  cope with the o L . on combination | (assessment of the o
. targets (qualitatively concerned by other SP's innovatior]  concerned . 5 ) Definition of the
the selected route (ho{ constraints (what . X L . X of innovations to | benefits based onthg =" "
3 . guess by the concerne{  innovation (considering of TEN-T|  innovation . Migration paths
spot) related to capacit] can be influenced ) (i, W) e el T | (G, M) solve the existind outcomes from WP5..
by C4R innovations 9- Mg prol Y P 9- Mg constraints and SP3
2016/2030/2050 2016/2030/2050 2016 to 2050
Reduction of TRL of the SP4: use of sensing TRL of the SP1+SP4: Reliable infrastructurg
Infrastructure X ) . . X . . . .
traint sP1 infrastructure LCC; innovative new |technology, pre-failure [innovative Innovative New |easy and rapidly to
cons_ rain Reduction of train delay|slab track (SP1) |detection (based on sensors (SP4); |Slab Track install due to
(conventional track Infrastructure - i . R X . .
N . due to Infrastructure; improved real-time data) combined with |modularity (RAMS an
system): big delays,| Innovative New . K . .
N h Increase of capacity for reduced infrastructure embedded LCC oriented design)
high Maintenance Slab Track e .
- passenger & freight; (Maintenance) costs sensor
activities and costs
Reduction of TRL of the SP2: Novel freight TRL of the SP1+SP2: Flexibility to cope with
infrastructure LCC innovative high |vehicles (e. g. train innovative Innovative High |traffic volumes
Infrastructure: capacity nfi SP1 speed track (SP]length, bundling of traindvehicle (SP2); |Speed Track witlchanges by extending
constraint, big delays In rastryctu:_e h novel rail freight [trains length safely
low Availability nnovat:;/: "i vehicles with EP braking and
Speed Tracl central couplers
Reduction of TRL of the SP1: sensors in precast | TRL of the SP4+SP2: more and better real-
X d infrastructure LCC; innovative track elements innovative Innovative time data of the
CO"_Stra'mS Ort‘)"’_‘;ac Reduction of train delay|sensors (SP4) infrastructure sensors infrastructure for
sde.ctlon.(eA g- bridges SP4 due to IF (& EW); (SP1) embedded in predictive
ISI'UptIO:S (extreme Non-intrusive  |Increase of capacity for regular trains maintenance
M -we.at e?’ no innovative passenger & freight;
ﬁ::l?r:m& Oh ?;:;Eiur; monitoring Reduced unavailability
. » high Maint. techniques  |(MDT) by using AMS
inspection activities,
low Reliability

Appendix 1 and Appendix 2 show the KPIs defined for C4AR and the completed scenario templates respectively.

Evaluation of the Impact of C4R Innovations

As a first stepa list of the bottlenecks and capacity constraints respectively should be developed and then
mirrored against the C4R innovations. That is to say that scenarios need to be defined that can mitigate these
identified constraints and enhandbe capacity. In this regard, there idisk between scenarios and assessment

in WP5.4. For this purpose WP5.3 and WHiafe carried outan interview ofeach sub-project in order to
understand the benefits of the innovatisftechnologies developed in C4Rd how this will feed into the SP5
assessments (CBA). For this purpose WP5.3 has developed this interview template witha&eed questions

(more details see WP5.4).

The more forward quantitative analysis then should start with a simple singlenimlgsas and then build up to

a system model (capacity simulation) performed by SP3. However, the final assessment of the benefits of the
C4R innovations has to be performed by SP3 including the MCA, whereas the CBA is carried out in WP5.4 of SP5.
Given thd, the SP3 capacity simulation implies the capability traffe to enhance the capacity, considering
different innovations on the selected corridors (sections) by comparison with and without innovations (also
combination of innovations)lhe assessment sellts of SP3 and WP5ade supposedo feed in WP5.6 Guidelines

and Followup Actions.
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6 Definition of migration scenarioglaths towards
2030/2050

- By defining the baseline cases and scenarios we should also consider when the C4R innovations will be
ready for use (TRL 9), as an issue of defining the Migration paths. For instance, will the new slab track be
built from now until 2030/20507?

- What if the innovations are not ready to be implemented until 2030/2050 and the impact on the
evaluated targets in WP5.4? Of course, the best case would be if the C4R innovations/technologies are
available to be implemented (TRL 9) before 2030, but net a@50.

In fact, senarios/pathswill pave the way of migration, thehange from the existing rail system to the one
envisioned in WP 5.JAccording to the DOW thgglobal)migration scenaris should beconsidered in a global
sustainable approachncludng their financialsocial and environmental impacts

The migration path is the implementation of a specific technology to achieve a vision. For example a migration

LI GK G2 | RRNBaa (GKS @ArAaArzy 2F R2dzof Ay Jequldds ndniddl G& Y &
YFEAYGSY Il yOS |yR AydSNIASsthis 2 yirdelin® @ $nigiatibng &and tombiiloh WS ¢ ©
technologies within a scenario for a particular case study.

The definition of the Migration paths is corridor specific and describes ithplementation of the
innovationgtechnologiesof C4R projectHowever, he migration paths depend omany aspects, amongst
others on echnical(the defined TRL of the innovationgeographical, tim&ame, organizational, legal, market

etc. aspectsBesdes the implementation of the C4R innovations will be different with respect to each SP, but
requires a step by step migration.

Migration scenarios to 2030/2050

TRL from the innovations

Migration timeline: 206 ¢ 2050

Migration on real corridors
- TobeRA&0dzaaSR IyR RSOARSR gAGK 2G$KSNJ {tQa
By developing the migration paths it is necesgarjook at current practices for sheterm view (2020) as well
as beyond current practices (take a letegm view to 2050), i. e. having those technologies to handtha the
future demands and higher capacity with regard to the migration (from existing to future situation, from TRL 1

to TRL 3)Looking at he Migrationissues and the issue @ost Benefit Analys{€BA): wédave to consider that
if the CBA goes from 26-2050 some technologies may not be installed until 2040 so only 10 years of benefits.
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6.1 MIGRATION ISSUES TOEBCONSIDERED

There are various migration issues which should also be considered as part of the assessment within WP5.4.
These include the disrujoin during installation and therefore, not only should the capital costs of installation be
considered but the costs of the interventions due to train cancellations, or diverted or reduced services during
the migration to the new technology. If there are be major disruptions due to the upgrade work occurring

over a long period of time, the possibility of it causing a temporary or permanent modal shift away from rail
should be also be considered as a risk, for example logistics companies invest maseiheasd freight whilst

the disruption is occurring and then continue to use road for the lifetime of their investment in new road vehicles.
This effect is very difficult to quantify and use within the CBA, but should be considered as a risk, e$pecially
technologies such as slab track, where the disruption may mean that such systems can only be used in new lines
and are not a feasible solution for upgrading existing lines.

The migration should also consider the likely implementation phase, for examilpteew rolling stock be phased

in over a period of 2 years or 20 years, and if it implemented avienger period, at which percentage new
rolling stock will the benefit begin to be realised. If implementation is too slow, the new investments may not
start paying back in a reasonable timeframe, however, if implementation is too quick this may result in the writing
off of significant values of existing assets. Similarly investment in track forms, switches and signalling systems
could see the same effect.

7 Conclusions

This deliverableand WP5.3 has the aim of bringing together the background on each of the Capacity4Rail
innovations as well as developing the specific scenarios related to the routes and corridors, to be used in WP5.4.
Within this deliverable, the background and the tatgéor the different innovations havbeen gathered and
collated, the task of gathering information from the other SPs and to understand the compatible combinations
of innovations has also been carried out.

Presented in this deliverable is also baselit@a and scenarios and route analysis for the lines which were
originally selected, but due to time constraint were not used for the assessments within WP5.4. The baseline
data and scenarios that have been used for the cost benefit analysis are presertethil within D5.4.2 and
therefore not repeated in this deliverable.
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Appendices

APPENDIX1 + 0 $ EFINED FOK4R

Migration

Boundary conditions

Capacity Assessment

Economical assessmen

T112 - Track concepts generati
selection and design

Climatic conditions - floods

T114 - Upgrade infrastructure |
meet new freight demand

T122 - New track design
specifications for VHS

Innovative designs minimizing §
loads and material deterioratiol

and designs for resilient S&C}

Climatic and weather conditions (?)

D211 : Requirements towards the freight system
2030/2050 (M15 + M30)
- Demand for rail freight flows in Europe
- Customer requirements for different market

segments

D222: Identification of the
characteristics of future rail
vehicles in different scenarios
(M26):

Most usefull innovations to be|
introduced, per market segmer
and type of service offered

D234: Application of design
methodologies for terminals
innovative operational measure

T325: operational costs of newl!
designed terminalsbusiness cas
and cost effective analysis

T323 : Define scenarios usin
groupings of capacity innovatio

D322: Capacity impact of
innovations

D321 - Evaluation measures and selected scenarig

T333 - Optimal operational

strategies for traffic managemer|

bs and incident managemen

Impact of development from
SP1,2,4

T335 - Evaluation of strategieq
using scenarios simulated in 3.4

KPI area
LCC = 20% leg
than. Track concepts|
conventional
design
VHS
50% shorter
timeslots for
maintenance S&C
System
Overal
(carrying?)
capacity Vehicles
improvement
+20% in 2020
and +50% by
2030
Terminals
+ 20% capacity Capacity
by 2020
+ 50% reliability
by 2030
- 30% Resilience
operational cost]
by 2030
50% reduction ¢ Sensors
track energy and
unavailability by communication
2030 technologies

T422 - Identifying and evaluati

sensor and harvesting
technologies

T423 - Identifying and evaluatir]

communication and data

integration technologies

D532 - Migration scenarios an
paths

Selection of sites/corridors

T541: LCC assessment
methodology & template

T541: Operational assessment
methodology & template

T542 : Probabilistic assessemnt of technologit

D556 - Final evaluation and
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APPENDIX2 SCENARIO TEMPLATE
Regarding SP1
Boundaries Baseline 2015 Scenario 2030 Scenario 2050
[/ /7 o6bt+xZX €0 100% 80%

Shorter timeslots for maintenance MTTR (hours) 100% 50% -

Specific CO2 emissions by 2030 with respect to 1990, including
embodied carbon

50% -

Unavailability/Disruptions due to EW events (measured by
infrastructure down-time); innovative design of infrastructure bein 100% 40% 80%
resilient to severe weather conditions

Parameters Baseline Scenario 2030 Scenario 2050

Reliability (MTBF) 100% 200%
Unavailability due to maintenance - (MDT) 100% 50% MDT <v?(;2? iS[2
Unavailability/Disruptions due to EW events (MDT) 100% 50% <50%
Unavailability due to inspection - (MDT) 100% 50% 20%
Maintainability/Installation of track (MTTR) 100% 50%

CO2 embodied emissions 100% 50%

compared to track
Low noise and vibration system on the -5 dB(A) -10 dB(A)
selected corridor

Regarding SP2

Top targets for Scenarios with respect to SP2

Boundaries Baseline 2015 [ Scenario 2030 [ Scenario 2050 Source

100% 130% 160% SP2 - standard

Capacity requirements for freigth [tonne- .
. 100% 150% 180% SP2/SP5/ D-Rail - WP |

kilometres]

100% 210% 300% SP2/SP5/D-Rail - WP h
Noise pollution [dB(A)] -5 -10 SP5 (noise e. g. from brai
Transport—relat.eld greenhouse gas % 50% 50% sPs
[tonne/tonne-kilimetres]
Spemf.ly energy con.sumptlon 7904 50% 50% Sps5
[Megajoule/tonne-kilometres]
Absolgt energy c0n§umptlon 9% 50% 50% Sps
[Megajoule/tonne-kilometres]
Exhaus emision (Nox and PM10) % 60% 60% SP5

[/tonne-kilometres]
Standardized loading gauge (on RCF) G2 and P/C 410 |G2and P/C 432 |GC and P/C 432 SP2
Customer's Cost for Rail Freight Transport (refe

-209 -509
to road freight) 20% 50% SP2
Severe weather conditions tbd thd thd thd
Winter (snow) resilience see SP3

water (rain) resilience
storm (wind) resilience
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Parameters Baseline Scenario 2030 | Scenario 2050 Source
Infrastructure
Max speed [km/h] 100 120 160 SP2
Max. axle load on RCF [t] 22,9 25 30 SP2
Max. meter load on RCF [t] 8,0 8,0 8,3 SP2
Max. loading gauge wagon load Gl G2 G2 SP2
Max. loading gauge inter modal P/C 400 P/C 432 P/C 45 SP2
Novel rail freight vehicles: Wagons
Automatic couplers [%] 2 50 100 SP2
Running gear brakes Cast brakes 50% LL Brakes [disc brakes SP2
Electronic brake control [%] 0 40 100 SP2
Novel rail freight vehicles: Locomotives
Duo Locos [%)] 2 40 80 SP2
Tractive effort [kN] 4-axl| loco 300 350 400 SP2
Novel rail freight vehicles: Train performance
Max. train length [m] 74 835 1.050 SP2
Bundling of trains in some corridors 0 2x750m 2x1000n SP2
Max train weight [t] 2.200 4.400 10.00( SP2
Novel rail freight vehicles: Wagon performance
Wagon Load - max axle load 22,9 25 30 SP2
Tare weight per wagon meter index 100 98 93 SP2
Load weight per wagonmeter 100 117 150 SP2
Intermodal container wagon - max axle load 22,5 22,5 25 SP2
Tare weight per wagon meter index 100 98 93 SP2
Load weight per wagonmeter 100 101 115 SP2
Intermodal trailer wagon - max axle load 22,5 22,5 25 SP2
Tare weight per wagon meter index 100 98 93 SP2
Load weight per wagonmeter 100 101 115 SP2
Co-modal transhipment and interchange/logistic:
Marshalling yard automation 5% 50% 1009 SP2
Feeder trains Diesel 50% Duo-locos |iff100% Duo-locos SP2
Co-modal transhipment and interchange/logistic:
End-point lines 1009 75% 50% SP2
Linear with inter mediate stops 0% 25% 50% SP2
Terminal performance None automated |Some automated|Fully automated SP2
Regarding SP4:
Top targets for Scenarios with respect to SP4
Boundaries Baseline 2015/ Scenario 20300 Scenario 2050 Source
Reduction of Track Unavailability 100% 50% DOW
Increase of Infrastructure Reliability 100% 150% DOW
Reduced infrastructure (Maintenance) cgst  100% - 50% SP5-Roadma
Robust rail infrastructure (in terms of
contribution to Maintainability of the SP5-Roadma
Y 100% 140% 180%
Infrastructure and to reduction of (SP1)
disruptions)
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Specific Parameters (technical objectives) for Scenarios with respect to SP4

Non-intrusive innovative monitoring techniques or self-monitoring infrastructure: Monitoring Technologie
Sensor (WP4.2), Implementation in new structures (WP4.3) and

Reliability of Infrastructure thanks to earl

pre-failure detection (effecting on

unavailability of track due to 100% 150% 150% C4R target (KA
. . . reg. SP4)

failure/unplanned disruptions and late

weather warning)

Inspectlgn and Maintenance costs' (incl. 100% 80% 50% C4R target (KA
cost saving due to energy harvesting) reg. SP1)

Higher Maintainability of the Infrastructur|
thanks to earlier and more accurate 100% 120% 150% assumed
diagnoses and monitoring
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APPENDIX3 QUALITATIVE ESTIMATI® OF THE IMPACT OFHE C4RINNOVATIONS AND TEENOLOGIES

Legend
++ strong | +noticable | o insignificant - noticable -- strong
positive positive negative negative
Regarding SP1
Legend
ecific P ffar joswith respect to SPL Hs”svr:ng +uy::§me o insignificant —VM|::va:IE
Modular ncept Track (WP1.1)

Reliability (MTBF) 100% 200%
Unavailability due to maintenance - (MDT) 100 s0% MDTD;Sz:rs

100% 50% <50%
Unavailability due to inspection - (MDT) 100% 50% 20%
Maintainability! Installation of track (MTTR) 100% 50%
Aexible system
| C02 embodied emissions 100% 50%

‘compared t
| Low noise and vibration track system on -5dB(A) -10dB(A)
the selected
Innovative High Speed Track (WP 1.2)
[Optimisation of design (same LOCwhile increasing
Innovative SEC(WP1.3)

Reliability of SLC(MTBF) 100% 200%
Unavailability due to maintenance - (MDT) 100% 50% Mm;z‘"
Unavailability! Disruptions due to EW events (MDT) 100% 50% <50%
|Unavailability due to inspection - (MDT) 100% 50% 20%
Maintainability/ Installation of track (MTTR) 100% 50%
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Regarding SP2

Infrastructure - + ++ - ++ [¢] 0 [o] + ++
Max speed [km/h] X XX - X XX
Max. axle load on RCF [t] X XX - XX XX
Max. meter load on RCF [t] - X X - XX XX
Max. loading gauge wagon load 0 X X - XX XX
Max. loading gauge inter modal 0 X X - XX XX
Novel rail freight vehicles: Wagons 0 + + 0 0 0 0 + +
Automatic couplers [%] X X
Running gear brakes X X X X
Electronic brake control [%] X X X X X
Novel rail freight vehicles: Locomotives 0 + 0 ++ 0 0 0 0 +
Duo Locos [%] X - X
Tractive effort [kN] 4-ax| loco X X
Novel rail freight vehicles: Train performance (o] s Siata 0 s Siata 0 (o] + ++
Max. train length [m] XX XX XX XX XX
Bundling of trains in some corridors XX XX XX XX X XX
Max train weight [t] XX XX XX XX
Novel rail freight vehicles: Wagon performance -/X ++ ++ -IX ++ ++ 0 0 + ++
Wagon Load - max axle load

Tare weight per wagon meter index X X X X 0 0 0 0 0 X
Load weight per wagonmeter - XX X - 0 0 0 0 X XX
Intermodal container wagon - max axle load

Tare weight per wagon meter index X X X X 0 0 0 0 0 X
Load weight per wagonmeter - XX X - 0 o] 0 0 X XX
Intermodal trailer wagon - max axle load

Tare weight per wagon meter index X X X X 0 (o] 0 0 X
Load weight per wagonmeter - XX X - 0 0 0 0 X XX
Co-modal transhipment and interchange/logistic: 0 ++ ++ (o] 0 0 0 0 +
Marshalling yard automation X
Feeder trains XX XX X
Co-modal transhipment and interchange/logistic: 0 ++ 0 0 0 + 0 0 - ++
End-point lines XX XX
Linear with inter mediate stops XX - XX
Terminal performance XX X X
High Speed Freight o 0 o 0 0 o 0 o (o] o)
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Regarding SP4

TARGET
Infra capabilit: TARGET
TARGET ARG TARGET AR TARGET to res| F()nd 13/ VAR Reduction of ARy ARGy ARy
Decrease of Elimination of TARGET por Reduction of .u ! Reduction of Automated Track TARGET TARGET
Decrease of ’ Decrease of ) Seamless - new . train delays . - " ) .
Train o operating . Interoperabili . train delays track Freight  unavailability Capacity for Capacity for freight
Infrastructure 3 specific CO2 . train operational (MDT) due to S o X
operating noise 1% (MDT) due to unavailability ~System by due to passenger traffic traffic
Infrastructure ; - .
. EW ’ by using AMS 2050 inspection
from traffic failures

demand

LCC emissions . movement requirements
costs problem sites

Non-intrusive innovative monitoring
techniques or self-monitoring

Reliability of Infrastructure thanks to earl
pre-failure detection (effecting on
unavailability of track due to X X X X X X X
failure/unplanned disruptions and late
weather warning)

Inspection and Maintenance costs (incl.
cost saving due to energy harvesting)

Higher Maintainability of the Infrastructur|
thanks to earlier and more accurate X X X X X X X
diagnoses and monitoring
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APPENDIX4 EAST COAST MAINLINE 7 UK BASELINE DATA FUTURE
INVESTMENTS AND SCRRIOS

Overview

Case Stud¥escription

The ECML in the UK runs from London to Edinburgh and is a mixed traffic route. The ECML runs for a total length
of 632km Figurel a) East CoadainlineFigurel), mainly with a 4 track layout, with two tracks (one for each
direction) for the slow lines and two tracks (one for each direction) for the fast lines. Mixed traffic runs along
the whole roue with long distance intercity services mixing with regional stopping services as well as with
freight.

The route is also roughly followed by the Al road (BB(), which passes close to the same urban areas. The Al
has several sections which are upgradedrotorway status (shown in blue Figurel), however many sections
are still truck road status and in some stretches still single carriageway. The Al is parEofdipean route
E15, from Algeciras, Spain to Inverness, Scotland.

This case study concentrates on the ECML and Al sections from Peterborough to Doncaster. In this stretch the
freight services are mainly separated over a branch via Lincoln (Great No@neat Eastern line) to improve
capacity and performance on the main passenger route. Over the same stretch from Peterborough to Doncaster
the Al is all dual carriage with between 2 and 3 lanes of traffic in each direction. For most of the stretch from
Peteborough to Doncaster the Al is classified as a trunk road, however, the sections around Peterborough and
Doncaster are of motorway classification.

Edinburgh Waverley

Manchester
vvvvvvvvvvvvvvvvvv

nnnnn

mmmmmmmm

ayrer “b)

FIGURE A) EASTCOASTMAINLINE AND BA1ROAD ROUTE
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FHGURES. PORTION OF THECMLBETWEENPETERBOROUGH ANDDNCASTER

Corridor segmentation of ECML and Al between Peterborough and Doncaster, with the major segments being
the segments between main urban, and more detailed segments presented in the moliaomECML, Al and
the alternative freight branch. This allows the segments to be approximately overlaid.

TABLES A1 SEGMENTATION

Number of Lanes per
Major Segment Segment with traffic data Carriage Number of carriage Length of
Ways Lanes way section

PeterboroughStamford | A605 Oundle RoadA6118 London Road 2 4 2 6.6
A6118- A43 Worthorpe 2 4 2 8
StamfordGrantham A43 Worthorpe- LA Boundary 2 4 2 0.3
A151/B676- B1174 2 4 2 8.4
B1174- A607 2 4 2 3.2

A607 Eastbound A52 where slip roadg
GranthamNewark connect Al 2 4 2 2.35
A52 where slip roads connect AB1174 2 4 2 3.75
A6075 Newark RoadA6075 Ashvale Road 2 4 2 0.5
NewarkRetford A6075- A57/A638 2 4 2 4.4
A57/A638- A57/A614 2 4 2 8.7
A57/A614- A620 2 4 2 2.2
RetfordBawtry AB620- spur to A634 2 4 2 6.1
A634 spur A614 2 4 2 2.6
Bawtry-Doncaster A57/A614- A620 2 4 2 2.2
A630- M18 2 4 2 3
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TABLEG ECMLRAIL SEGMENTATION
Segment
Major Segment Segment length Tracks
Peterborough
Grantham Peterborough East JWerrington Jn 4928604 | 5
Werrington Jn Helpston Jn 3.661249 5
Helpston Jn Stoke Jn 29.04859 | 4
Stoke Jn Highdyke Jn 2937046 | 2
Highdyke Ja Grantham 6.276426 | 3
GranthamNewalk | Grantham- Newark North Gate Jn 23.5366 2
NewarkRetford Newark North Gate JnCarlton on Trent 9.092771 | 2
Carlton on Trent Retford 20.70014 | 2
RetfordDoncaster | Retford- Ranskill 7.563898 | 2
Ranskill Rossington Colliery 12.93507 2
Rossington ColliesDoncaster 7.423081 | 3
TABLE7 GREATNORTHERIGREATEASTERNGNGE).INE SEGMENTATION
Major Segment Segment
! 9 Segment length Tracks
Peterborough Peterborough East Ja Werrington Jn (part of]
Sleaford ECML) 4.92 5
Werrington Jun Sleaford South Jn 50.15 2
Sleaford South JnSleaford North Jn 2.32 2
SleafordLincoln Sleaford North JaLincoln Area 30.01 2
Lincoln
Gainsborough Lincoln Area Gainsborough 224 2
Gainsborough
Retford Gainsborough Retford 13.78 2
RetfordDoncaster | Gainsborough Doncaster 31.87 2

CBA investment levels

The CBA evaluates different scenarios including different sets of C4R innovations, as well as some changes to
boundary condition. In each scenario, the net costs and benefitcaraputed from the comparison of two
investment levels
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Baseline and planned investmeng KA OK O2y aARSNE (KS aedaidsSyQa Odz2NNBy i
characteristics rolling stock or maintenance costs. These will conditions will change wéh m#nned
investment, eg for ECML ETCS level 3 is planned for implementation by 2043.

C4R scenario, which assumes the implementation of a given set of C4R innovations

In each investment level both investment costs and parameters are set to the assumed,\ad discussed in

the following section. The main scenario, described as follows, which we call C4R Scenerio 1 (All) assumes the
implement of all considered innovations in all sections of the rail network. All other scenarios follow the same
pattern, alvays using Scenario 1 as a base upon which changes are introduced.

Input data for C4R Scenario 1 (All)

Reference values, the same as Swedish section ofi8edrcorridor, as

1 40-year time horizon with 2015 as base year and 2016 as year 1
1 Financial and saal discount rates of 4%
1 Shadow price conversion factor of 0.95

Network restrictions on ECML and GNGE

Train length

Present maximum train lengt¥43m|[1]

Maximum train length after 2043

ECMLg 775m[2]

GNGE 1461.5n [2]

Maximum axle loadind3] [4]

ECML 24.1 Tonnes

GNGE 2012019 22.8 Tonnes 2019 onwards 25.4 Tonnes
Main classes of freight vehicles on ECML and GISGE

Class 4 75mph capable freight up to 1,600 tonnes trailing loaglintermodal container traffic and empty coal
or aggregate wagons

Class & 60mph capable freight up to 2,400 tonnes trailing loagicoal, aggregates
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TABLE8 BASELINE CASE UNTINE UPGRADES 2019
Train load Wagon Load IM Container
Length (m) 344 298 307
Tare Weight (T) 586 559 541
Axle Load (T/axle) 22.4 22.4 22.4
Cargo Capacity (T) 1071 1098 1206
Average Load Factor 50% 55% 50%
Average Load (T) 535.5 603.9 603
Average Gross Weight (T) | 1121.5 1162.9 1144

gCO.e per tonne km
CO, CH, N,O | Total

Rail Freight 285 | 0.050 | 3.060 | 31.6

(6]
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TABLE9 BASELINE CASE AFTBERELUPGRADES 019

Train load Wagon Load | IM Container
Length (m) 344 298 307
Tare Weight (T) 586 559 541
Axle Load (T/axle) 23.3 23.6 22.4
Cargo Capacity (T) 1266.5 1190 1206
Average Load Factor 50% 55% 50%
Average Load (T) 633.3 654.5 603
Average Gross Weight (T| 1219.3 1213.5 1144

Freight wagons and locos basedmight Liner UK flegT].

Road freight vehiclegsame as Swedish Selted corridor valuesy GHG emissions data from UK study below

Baseline After Lowcost Lowcost Future SE European
TENT 1 2
Maximum Load (T) 40 43.5 40 43.5 50 26
Average Load Factor 60% 60% 60% 60% 60% 60%
Average Load (T/vehicle) 24 26.1 24 26.1 30 15.6
h LISNJ G Ay 3kmi)]2 & | 0.0508 0.0475 0.0292 0.0318 0.0433 0.0712
¢l E ‘kirglk 6 ¢ 0.0121 0.0115 0.0117 0.0069 0.0107 0.0160
GHG Emissions [kg/Km)] 0.0320 0.0310 0.0320 0.0310 0.0290 0.0420
UK av. goods
Body Type Gross Vehicle | % weight carried per gCO.,e per tonne km
Weight laden vehicle, tonnes | CO, | CH, | N,O | Total
Rigid >3.5-7.5t 43% 0.86 599.4 | 0.29 | 6.27 | 605.9
Rigid >7.5-171 36% 1.82 388.0 | 0.19 | 4.06 | 392.3
Rigid >171 52% 4.91 196.2 | 0.10 | 2.05 | 1984
All rigid UK average 50% 3.30 259.0 | 0.13 | 2.71 | 261.8
Articulated >3.5-33t 45% 5.56 146.6 | 0.14 | 1.53 | 148.3
Articulated >33t 61% 11.31 857 1008 | 090 | 86.7
All articulated |UK average 60% 10.93 88.5 | 0.08 | 0.93 | 89.5
ALL HGVs UK average 55% 7.20 127.2 | 0.11 | 1.91 | 129.2
[6]
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Freight value of time roadnd rail

TABLELO VALUES OF TIMEEURQ HOUR PER VEHICLE VESSELPRICE LEVRA010) [8]

Inland

Road Rail Air

waterways

[ship waiting for a
quay]:
g . i 98 [ship waiting for
Container 2 405r g K] f f”ggg’"] ‘ Not applicable a quay]:
[ship waiting for a 760
lock/bridge]:
340
[2-15t truck]: qbé‘ g‘g
23 [ship waiting for a
quayJ:
Non- [15-40t truck]- [ War-‘r?’a‘;ﬁ’]‘_’ad fruit freig;gter 65 [ship waiﬁ.v}g for
. 44 : aircrafi]: a quay]:
container 1100 13000 [ship waiting for a 830
[all non- fall non- lock/bridge]:
cong’u?ner] : container]: 300
1200
[ship waiting for a
o [2-40t truck]: [full train]: [ ”g”f; ‘;’;%}_fer 69 fs”"; gggfy’}e for
38 1100 13000 [ship waiting for a 820
lock/bridge]:
300
otes:

- All these values are combined values from shippers and carriers and were obtained after rounding off.
- The values for rail are for a train (not a wagon).
- The values for inland waterways and sea refer to a ship.

Forecast for rail passenger grow{d]

Baselineg 2017

2023¢ 47% total increase

2043¢ 105% total increase

Passenger numbers, available seats and train utilisation along ECVQ]

Although the average utilisation looks low, the utilisation of seas varies heavily throughout the day with much
higher utili@tion on peak services.

Frsengert | O CARC) g Ullstn
PeterboroughGrantham 28400 63390 45%
GranthamNewalk 27200 63390 43%
Newark-Retford 26200 63390 41%
Retford-Doncaster 25000 63390 39%
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Referencepassenger train
Length 273m

Tare weight 563T
Average load factor 42%
Number of seats 600

Average CO2 emissiorD.0565kg CO2e per passenger km

Rail gCO.e per passenger km Source*
CO, | CHy | N,O | Total
International rail 15.0 | 0.010 | 0.090 | 15.1 |Average figures from Eurostar for London
to Brussels and Paris routes

National rail 53.4 | 0.060 | 3.030 | 56.5 |Emission factor based on ORR (2009)
Light rail 71.0 | 0.030 | 0.440 | 71.5 |Average of UK light rail and tram systems
(and tram)

London 73.1 | 0.030 | 0.450 | 73.6 |Transport for London’s 2010 environmental
underground report

Notes: * Source is for CO> data only; CH4 and N2O emissions have been estimated by other means.

(6]

I SNIF 3S 2LISNF GAy3 OMadiexampleme Kk 0L { YO FNRBY {OFy

Road passengerfrom ScanMed; but see below another survey on CO2 emissions
1 Average load: 1,2 passengers/car;
1 Average operatingcost®.op € k;0LJ |1 YU

1 AverageCQ emission:0.166 kg/(p-km) (Study belowg approx. 200gCO2e/km per vehigeo would
expect approx. 166gCO2an passenger)

CAPACITY4RAIL PUBLIC Page43



D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP3A2013605650
2016/11/30

Final New ‘real-world’ 2011 GHG Conversion

Engine Size Factors'”
Vehicle Type size label gCO, per km MPG
co, CH, N,O Total
Petrol car <14 Small 170.1 0.16 0.84 1711 37.6
1.4-201 | Medium | 2111 0.16 0.84 212.1 30.3
>20]| Large 298.1 0.16 0.84 299.1 21.7
Ave 207.6 0.16 0.84 | 208.6 30.9
Diesel car <171 Small 1433 0.05 1.67 145.0 52.2
17-201 | Medium | 179.2 0.05 1.67 181.0 417
>20]| Large 241.6 0.05 1.67 243.3 31.0
Ave 191.8 0.05 1.67 193.5 39.0
Car (unknown fuel) @ Small 165.7 0.14 1.03 166.8 40.5
2) Medium | 200.2 0.12 1.16 201.5 34.5
2) Large 268.0 0.10 1.31 269.4 26.7
@ Ave 203.3 0.12 115 | 204.6 33.6

(6]

Value of time passenger
Value of time- Passengerfl 1] weighted to 2014 values@ | f dzSa € kK K NJ

Executive Summary Table: Values of Travel Time Savings

Other
Comm- .
e non- Business
Val.ues of T‘ravel Distance work
Time Savings
All All All ‘Other .
modes | modes | modes Car Bus PT”’ Rail
W_T?bTA(T (2014 All 7.62 6.77 2547 24.43 15.64 24.72 30.07
prices and values)
All 18.23 16.74 - 27.61
<20 mules 8.31 8.21 - 10.11
All modes 20 to 100 11.21 512 1505 | 1585 . 8.33
miles
28.99
=100 28.62 | 25.74
miles

Notes: All values distance-weighted, non-work VTTs based on all distances and income option 1,
business VTT distance-banded based on income option 1 and employers paying, VIT imputed for PT
trips with zero cost, VI'T taken from SP1 at At=10, Tool version 1.1.
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Freight increase in demand

Predicted forecasts for growth in demand of freight traffic by ty}2] in tonnes per year

Type Lower scenario Central case forecasts

Bulk (shift from coal to biomass f¢ No significant increase No significantncrease
energy sector)

Intermodal (Domestic anq No significant increase at 2023 | 283% increase by 2023
international  average) 2011

372% increase in by 2033 (6.79 (10.9% annual growth 2013023)
reference values

annual growth) 461% increase by 2033
(5.01% annual growtB0232033)
670% increase by 2043

(3.81% annual growth 2033043)

Current split of rail freight type UK proportion [% mass/masaksume that the same proportions of freight
types on ECML and GNGE as natiofa8y

Financi Coal Constructi | Domestic | Infrastructu | Internation | Metals | Oil and Other
al on Intermod re al Petroleu

Period al m

2016

17 11% 18% 36% 8% 3% 8% 7% 11%

Freight delays average for UK network 10.7 Delays/ 100 [L&m

Referencevalues for infrastructure same as ScanMed

Parameter Baseline Value
Maintenance Costs Fixed Variable
Track, Signaling and Elect. onnnn € MON €KO:
Switches and Crossings (S&C) MnIpnn €k 130ek6aD¢
Switch Density 0.14/km
Buffer times and Crossing Buffer 5% of travel time
Supplement for Track Maintenance 5h
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Using values provided by Network Rail

Maintenance costs

Track Signalling and Elect | { 3 / € K 0 & §| Switch density
eKO@SEFNI {YO
Peterborough East Jn
. 140629.11 40850 12.2
Werrington Jn
Werrington Jn-
140629.11 40850 0.8
Helpston Jn
Helpston Jn Stoke Jn | 140629.11 40850 0.6
Stoke Jn Highdyke Jn | 140629.11 40850 1.7
Highdyke Jnr Grantham | 140629.11 40850 1.1
Grantham- Newark
140629.11 40850 1.3
North Gate Jn
Newark North Gate Ja
120155.94 25108 15
Carlton on Trent
Carlton on Trent
120155.94 25108 1.0
Retford
Retford - Ranskill 120155.94 25108 0.9
Ranskill- Rossington
. 120155.94 25108 1.2
Colliery
Rossington Colliery
120155.94 25108 11.6
Doncaster
Werrington Jun-
97346.00 23232 0.2
Sleaford South Jn
Sleaford South Ja
97346.00 23232 1.3
Sleaford North Jn
Sleaford North Jn
. 97346.00 23232 0.9
Lincoln Area
Lincoln Area Newark
97346.00 23232 0.6
East Jn
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I(_.;Zicnoslzcﬁ(r)ia;h 97346.00 23232 0.3
Gainsborough Retford | 97346.00 23232 1.7
SSLnCS;Sc:;(:UQh 120155.94 25108 25
Ralil traffic baseline
Passenger Freight
Year (trains/day) Year (trains/day)
Peterborough East JiWerrington Jn 2016 567 2016 81
Werrington Jn Helpston Jn 2016 414 2016 45
Helpston Jn Stoke Jn 2016 414 2016 45
Stoke Jn Highdyke Jn 2016 405 2016 27
Highdyke JaGrantham 2016 423 2016 36
Grantham- Newark North Gate Jn 2016 459 2016 36
Newark North Gate JnCarton on Trent 2016 477 2016 45
Carlton on Trent Retford 2016 360 2016 18
Retford- Ranskill 2016 405 2016 36
Ranskill Rossington Colliery 2016 351 2016 18
Rossington ColliesDoncaster 2016 486 2016 108
Werrington Jurr Sleaford South Jn 2016 27 2016 27
Sleaford South JnSleaford North Jn 2016 27 2016 27
Sleaford North JaLincoln Area 2016 117 2016 45
Lincoln Area Newark East Jn 2016 108 2016 54
Lincoln Area Gainsborough 2016 36 2016 36
Gainsborough Retford 2016 45 2016 54
Gainsborough Doncaster 2016 468 2016 99
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Road traffic baseline vehicles per weekday
All Good Al
Roads Lanes | Length Count Pas;enger All .Vehllcles Motor
year vehicles HGVs incl.light .
Vehicles
goods
A605 Oundle
Peterborough | Road- A6118
Stamford London Road 4 6.6 2014 33758 | 5260 10826 44584
Peterborough | A6118- A43
Stamford Worthorpe 4 8 2014 35560 | 6425 12907 48467
Stamford A43 Worthorpe
Grantham LA Boundary 4 0.3 2013 34758 | 7727 13378 48136
Stamford A151/B676
Grantham B1174 4 8.4 2014 22529 | 6541 11056 33585
Stamford
Grantham B1174- A607 4 3.2 2013 21744 | 6713 10710 32454
A607 Eastbound
Grantham A52 where slip
Newark roads connect Al 4 2.35 2014 24354 11998 36352
A52 where slip
Grantham roads connect Al
Newark -B1174 4 3.75 2014 26012 | 6186 11020 37032
A6075 Newark
Grantham Road- A6075
Newark Ashvale Road 4 0.5 2013 23136 | 8049 12844 35980
AB6075-
NewarkRetford | A57/A638 4 4.4 2014 24354 | 8472 13520 37873
A57/A638
NewarkRetford | A57/A614 4 8.7 2014 32284 | 8314 15584 47868
NewarkRetford | A57/A614- A620 4 2.2 2013 24971 | 7664 13322 38293
A620- spur to
RetfordBawtry | A634 4 6.1 2013 28856 | 7924 13187 42043
RetfordBawtry | A634 spur A614 4 2.6 2013 24692 | 8128 12868 37560
Bawtry-Doncast| A57/A614- A620 4 2.2 2013 24971 | 7664 13322 38293
Bawtry-Doncast| A630- M18 4 3 2013 43745 | 13199 25235 68980
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Interventions scheduled in the baseline

BS1
BS2
BS3
BS4
BS5
BS6
BS7
BS8
BS9
BS10
BS11
BS12
BS13
BS14
BS15
BS16
BS17
BS18
BS19
BS20
BS21
BS22
ET1
ET2
ET3
ET4
EJ5)
ET6
ET7
ET8
=
ET10
ET11
ET12
ET13
ET14
ET15
ET16
ET17

COSTS ARE IN Million EUROS

Investment Projects

Carlton Panel refurb

Doncaster area rectrl for condition
Doncaster Ints

Doncaster LEW DON

Doncaster Panel Renewal

East Midlands ctrl renewal

East Midlands external renewals
East Midlands IXL renewal
Eastfield LEW

Eastfield LEW ECS
Gainsborough TJn resignalling
GNGE resignalling

Grantham rectrl for condition
LNE ctrl renewal

LNEETCSL3

LNE external renewals

LNE IXL renewal

LNE rectrl

LNE relock

Peterborough Ints

Peterborough Re-control
Swinderby renewal

Doncaster area rectrl for condition
Doncaster LEW DON

East Midlands ETCS ctrl renewal
East Midlands ETCS IXL renewal
Eastfield LEW ECS

Enh Werrington GSJ

G.05 ECML ETCS

G.20 ECML ETCS

G.21 ECML ETCS

G.23 ECML ETCS

Grantham rectrl for condition
H.16 ECML ETCS

LNE ETCS ctrl renewal

LNE ETCS IXL renewal
Peterborough Re-control
Swinderby renewal

Thrumpton and W Burton rectrl for condition

CAPACITY4RAIL

ECML - GB
Investment Scenario

=ffec

Baseline

Included in
ETCS L2
Deployment
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

PUBLIC

C4r NPV
Scen

0 1

2

5]

4

5

6

7

8

9

10

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

0.081

0.081|

0.151f
0.113|

0.129|

0.081

0.151f

0.113]

0.723

1.557|

0.845

0.112

2.823

1.688

3.298

1.589

0.283
2.295

0.184

2.681]

8.342

0.021

1.228

1.526
0.258
18.699

0.258

18.699

0.034
0.013
1.695
1.638
0.196

0.142
10.465

0.196
0.067
13.607
14.053
0.329

0.067
14.053

10.973

0.751
0.066
37.191
0.826
1.834

201.23§

11
2025

0.610
1.234
25.670

7.144

217.633
0.115
0.318
0.417

12

13

14

15

16

17

18

19

2026 2027 2028 2029 2030 2031 2032 2033

0.059
1.375
3.694

5.840

26.718
0.517
1.432
1.876

0.191
8.762

0.563

2.265

0.031

0.081

14.553

1.008

3.735
0.542
1.502
1.968

0.004
13.638

0.002

0.242

0.210

0.472

10.27Q

8.402
0.004

67.562

9.946
27.549
36.084

0.541

0.449
0.040
0.001

0.208

0.019

6.764

13.114
0.500
72.805
10.717
29.682
38.884

0.425|
0.045|
3.689

3.019

5.659
1.499
7.791
1.147|
3.176|
4.161

16.790
0.035

1.788

27.517
0.066
0.035
3.852

0.029
55.454
0.446
0.036
7.589
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APPENDIX5 FRENCHSPANISHBOARDERTO BARCELONA ANDVALENCIA

7‘?‘ N
o amp‘iﬂf}"

T
Catalupya e
aa " ”

)

Il

21

FGUREG CORRIDOR SECTION
VALENCIAT SAGUNT
Traditionally, this section has a doublay track with Iberian gauge (1.6678 m) and was used to freight and

passengers traffic. The construction of the Mediterranean corridor has forecast the implementation of the third
rail to perform a mixed gauge inehwhole section by 2020. (1)

The third rail implementation will allow trains length of 750 m.
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FIGURE7 FORECAST SITUATION THE SECTIOMALENCIA; SAGUNT(1)

The total number of switches and crossings isf@8n which 15 have Iberian gauge and 83 International gauge.

RAILWAY STATIONS ANDSIDINGS

In this part are listed all the stations. In order to define the sidings and the number of tracks projected, the
forecast layout is represented for the main stations.

In all the figures attached, the red lines represent Iberian gauge, the blue lines mean International gauge and the
green lines symbolize mixed gauge.
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- Valéncia Nordlt is an enebf-line facility and the freight trains are not allowed.

JOAQUIN SOROLLA
VALENCIA - AV.
PROPUESTA ACTUACION
Km. 396.800

(Linea Atta Velocidad Madrid-Valencia)

O
|
I

mmmmmm _\ ANDEN

o . — = ~2 ;

/é e " S S
VALENCIA / ESTACION DEL NORD

PROPUESTA ACTUACION

Km 0.000 (Linea Valencia Nord-Valencia La Font de Sant Lluis)
Km 112,661 (Linea La Encina- Valencia)

FGURES VALENCIA NORD ANIDAQUINSOROLLA STATIONS)
- Joaquin Sorolldt is also an endf-line facility with access to all the tracks through platforms.

- Font de Sant Llui§here are three passenger tracks with access through platforms and three freight tracks that
do not have access through platforms. Font de Sant Lluis station is the main railway node in Valencia, due to its
connection with the harbour.

VALENCIA - LA FONT DE SANT LLUIS

PROPUESTA ACTUACION
Km. 3.829 (Lfnea Valencia Nord-Valencia Fuente San Luis)

s iiin J | oy

B ) | LIMITACION A 30K
viaze H |

/s = | * DIRECTA UIC A 60Kmh
R

FGURES LA FONT DE SANT LLWBATION1)
- CabanyalNo sidings. Doublavay track with mixed gauge.
- Roca CupemNo sidings. Doubteray track with mixed gauge.

- Albuixech No sidings. Doubtavay track with mixed gauge.
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- Massalfassar

MASSALFASSAR
PROPUESTA ACTUACION

Km. 15.153 (Linea Valencia-Tarragona)

m'i ViA3 (L-8

< VALENCIA B!/ ViA 1 (L- 831m) 94 CASTELLON >

95
eg/g(.x ViA 2 (L- 695m) -\26
87 2
\ ViA 4 (L- 521m) =
8o\ | . ANDENz
-\ VIA 6 (L 4254m)@ . 5

/ 90" lor\

C : | RAMAL A VOSSLOH a

FIGURELO MASSALFASSAR STATIAN

- El PuigNo sidings. Double/ay track with mixed gauge.
- Pucol

PUCOL

PROPUESTA ACTUACION
Km. 22.502 (Linea Valencia-Tarragona)

' | ViA 3 (L= 744m)
< VALENCIA 99/ ViA 1 (L- 744m) do2
- : 104
_\25 ViA 2 (L- 386m) “ﬁ/—
100 101
ViA 4 (L- 386m)
J

CASTELLON >

FGURELL PucoL STATION)
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SPEEDAND TRAFFIC

Maximum speeds in each sigection are:

- ValénciaNord ¢ Valencia Cabanyal: 120 km/h

-Valéncia CabanyalVinival: 160 km/h

- Vinivalg Sagunto: 220 km/h

The following table summarizes the mean weekly traffic in this tracks classified by typology of train(22016)

TABLEL1l REALTRAFFIQOL16(WEEKLY MEAN2)

Origin Destination Total .Long Regional Regular Freight | Service
distance local

Valencia Nord Valencia AG A.V. 788 106 182 495 1 4
Valencia AG A.V. Valenciag La Font 905 223 182 495 1 4
Valenciag La Font | VFSIg AG KM. 1,3 440 130 68 197 44 2
VFSIc AG KM. 1,3 | FSI¢ AG KM 2,3 699 198 105 311 79 6
FSIc AG KM 2,3 Pucol 699 198 105 311 79 6
Pucol Saguntg A.Km 28,3 | 698 198 105 311 79 5
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SAGUNTI CASTELLO

The initial situation of the line is a doubheay track withiberian gauge. However, a third rail will be implemented

on one way and international gauge rail on the other way, as is shown in Figure 6. The section has 41.43
kilometers (between PK 25+915 and PK67+345) and the implementation of third rail forecadtaiasible train

length of 750 m.

:l, ; :
=g ¥
i ‘f :%w
| INICIO DE PROYECTO P.K. 254910

ar

e VIA ANCHO 1.435 mm
s VIA MIXTA 1.435/1.668 mm

FIGUREL2 PROJECTED SITUATION THE SECTICBAGUNTCG CASTELL®3)

The switches and crossings displayed are 39 of Iberian gauge and 64 of International gauge.
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RAILWAY STATIONS ANDSIDINGS
Theaffected stations will have the following layout.
-Sagunt
SAGUNT —
PROPUESTA AGTUAGION
Km. 29.241 (Linea Valencia-Tarragona)
s =Y
l‘\ ;’{ \;) A\ =
! & cvaoiom | F 3 ,_./ ViA 1 (Lo szom) ‘;\J ¥ CASTELLON =
:-\ It E\‘: o = ./ f Az (L svem 4 X
l SRTL N R T e
e ’z\g ViA & (L Scom) ] w_;/T
f— $oazea s 7
IE" L—J ::::;-Mu [ HERROS sw( yiaz m / A%
o T i N s : (e
:].mm g e i R
‘{"ﬁé] : \ z\y\g illA:n J - a3 ARa eAmian s

P
( ) “Via 4 (L PARA ERTIS= 730
“ /- ~ P 3 —
= 7 [ e= R
|sA=J|lr N7 L~
learzas

FGUREL3 SAGUNT STATIOB)

-Les Mlls No sidings. ValenciaCastellon way has International gauge and CastelMalencia mixed gauge.

-Almenara

ALMENARA
PROPUESTA ACTUACION

Km. 38.538 (Linea Valencia-Tarragona)

VIA 3 (L=703m) s
< VALENCIA wAR - | 220 ] \us CASTELLON >
‘ —\e_ ViA2 1 _1/g
_2\ E\1_0 . VIA4 (L-704m) [MoBNZ _/r§_/§ /3
15\ VIA 6 (L=655m) 19_/T 7

FGUREL4 ALMENARA STATIGR)
-La LlosaNo sidingsValenciag Castellon way has International gauge and Castel/Malencia mixed gauge.

-ChilchesNo sidings. Valenc@Castellon way has International gauge and CastelMalenciamixed gauge.
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-Moncofa:

MONCOFA
PROPUESTA ACTUACION @

Km. 47.915 (Linea Valencla-Tarragona)

7 VIA 3 (L=710m) A,
< VALENCIA I s/ Aot 1 ViA1= 712m]\1_3 \ CASTELLON >
l E\,. VA2 &.I:: -730m "g;mnw's}) : —/1’ \
ViA6A = 00n som 8\ '\_4 motn2  wia 4 (L=750m) ofC J* \ NULES - VILLAVIEJA >
1%\0 viae(=zeam | ‘5//1‘1 VIA 3A (L= 60m) \

STinsA] VIA10 2\ \ae VI8 0= 120m) 5
Cargadero
balasto

|2/ VIA 10 (L=725m) /19

é @ *VIA 4 (L PARA ERTMS= 750m)
PISANDO DESVIOS 14 Y 8

-Nulesc Vilavieja No sidingsValenciag Castellon way has International gauge and Castejl¥ialencia mixed
gauge.

FGUREL5 MONCOFA SATION(3)

-Burrianac Algueria Nifio perdido:

BURRIANA - ALQUERIA DEL NINO PERDIDO

PROPUESTA ACTUACION
Km, 57.947
vIA3 (L= 7e0m)
0 \
/ VIA 1 (L=330m) CASTELLON >
f VIA 2 (L- 044m) | N

2 2 | 12 S =
ViA4 (L= 710m)

ALMAZORA >

FGUREL6 BURRIANA- ALQUERIA DENINO PERDIDO STATIGR)
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-Villa Real
VILA - REAL
PROPUESTA ACTUACION
Km. 62+187 (Linea Valencia-Tarragona)
< VALENCIA VIA 1 (L=720m) CASTELLON >
E\g VIA 2 (L= 487m) _sﬁ ! ]
N\ P |
VIA 4 ‘(LL'Si :ggrg";m ERNTS)) |
A A
E___E / \; .EA 5

L

FGUREL7 VILA-REAL STATIOB)

-AlmassoraNo sidings. Valtiag Castellon way has International gauge and Castellgalencia mixed gauge

SPEEDAND TRAFFIC

The following table summarizes the mean weekly traffic in this tracks classified by typology of train (2016) (2)

TABLEL2 REAL TRAFIC2016 (WEEKLY MEAN2)

- . Long : Regular . .
Origin Destination Total : Regional Freight | Service
distance local
Sagunt; A.KM. 28,3 Sagunt 692 198 105 311 74 4
Sagunt Almenara 594 198 55 287 51 4
Almenara VilaReal 594 198 55 287 50 4
VilaReal Castellé dda Plana| 592 198 55 286 49 3
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CASTELIO T VINAROS

The Mediterranean corridor forecasts doubMay tracks with International gauge (1.435 m) by 2020. The
previous structure has doubleay track with Iberian gauge in the whole section. The maximum tesigth
allowed will be 750 m.

VINAROS P.K. 1464757

BENICARLO - PENISCOLA P K. 140+784

SANTA MAGDALENA DE PULPIS PK. 127+515

AL DE CHIVERT P K. 119+153

TORREBLANCA P K. 105+134

CABANES P.K. 88+000

OROPESA DEL MAR P K. 90+764

BENICASIM P K. 824005

LES PALMES P.K. 754622

VIA ANCHO 1435 mm

FIGUREL8 FORECAST SITUATION THE SECTIOBASTELL@ VINAROH4)

The total number of switches and crossings will be 57 (International gauge) (4)

RAILWAY STATIONS ANDSIDINGS

In order to define the sidings and the number of tracks projected, the forecast layout is represented for the main
stations.

- Castell6:

CASTELLON

PROPUESTA ACTUACION
Km. 68.483 (Linea Valencla-Tarragona)

S "*-{,?,f;‘"q TUNEL DE GASTELLON
Wpranmntemn b 1= 428m

< VALENGIA ol [EETERT] TARRAGONA >

= -
| é\u/é‘&- ........ vaz ™ B
=
20 iy w0 s
ViaMango L-47 m eMY VIA1 (L= 181 m)

il

VIA2 (L= 84 m)
BASE DE MONTAJE DE CASTELLON

FGUREL9 CASTELLON STATIGQ4)
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- Les Palmes:
LES PALMES
PROPUESTA ACTUACION
Km. 75.622 (Linea Valencia-Tarragona)
i *ViA 3 (L=750m)
< CASTELLON 8/ E— \s TARRAGONA>

5\4 !\‘ VIA 2 (L= 915m) _3/T

VIA 6 (L= 407m)
FIGURE20 LESPALMES STATIOM)
- Benicasim:
BENICASIM
PROPUESTA ACTUACION
Km. 82.005 (Linea Valencia-Tarragona)
TUNEL
VRS osom) |
< CASTELLON

/"N

TUNEL

L=501m L=755m
T ___TARRAGONA> Lol
I/ —— L J
B4 B4e488

383 82.880

12 VIA 1 (L= 246m) 1
VA2 (L=198m) |
i VIA 4 (L= 253m) '

FGURE21 BENICASIM STATIQ4)

- Oropesa del Mar:

OROPESA DEL MAR
PROPUESTA ACTUACION
Km. 90.764 (Linea Valencia-Tarragona)
 TUNEL
L=1.37Tm
l _ < CASTELLON 4 TARRAGONA>

VIA 2 {L= 886m)

VA

FGURE22 ORPESA DEL MAR STANI@)
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- CabanesiNo sidingsDoubleway track with International gauge.
- Torreblanca:
TORREBLANCA
PROPUESTA ACTUACION
Km. 105.194 (LInea Valencia-Tarragona)
m)
< CASTELLON L TARRAGONA>
2-\3 | VIA2 (L= 643m) 3/1
FIGURE23 TORREBLANCA STATION
- Alcala de Chivert:
PROPUESTA ACTUACION
Km. 119.153 (Linea Valencia-Tarragona)
< CASTELLON PN lvia1g-7esm)  TARRAGONA>
N VIA 2 (L= 566m) g/_1
< ALCALA DE CHIVERT E\ T _7/g ~ SANTA MAGDALENA DE PULPIS >

ViA 4 (L= 508m)

FGURE24 ALCALA DE CHIVERT $moN4)
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- Santa Magdalena de Pulpis:

SANTA MAGDALENA DE PULPIS

PROPUESTA ACTUACION
Km. 127.515 (Linea Valencia-Tarragona)

Va3 2 750m)
< CASTELLON o/ — s TARRAGONA >
2_/7 VIA 2 (L=1006m) 5\_1
i

FIGURE2Z5 SANTA MAGDALENA CRULPIS STATIOM)

- BenicarldPefiiscolaln this station, there are two main tracks (track number 1 and 2) and six siding tracks
(number 3, 5, 7,9, 11 and 13).

BENICARLO - PENISCOLA

PROPUESTA ACTUACION
Km. 140.784 (Linea Valencia-Tarragona)

ViA 5 (L= 202m)

10 ViA3 (L=296m) \7

< CASTELLON 7”£7 s \s TARRAGONA >

FIGURE26 BENICARL® PENISCOLA STATIGH)
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- Vinarés:
PROPUESTA ACTUACION
Km. 146.757 (Linea Valencia-Tarragona)
VIA 5 (L= 557m ‘
) 10/ ViA3(L=475m) \7 I
< CASTELLON oy \\-i TARRAGONA >
g/z VIA 2 (L= 1083m) 3\_1
el T ULLDECONA >
— |

FGURE27 VINAROS STATIOM)

SPEEDAND TRAFFIC

Nowadays, thespeedis between 200 and 220 km/h, with a punctispleedreduction to 140 km/h in Castellon
and 150 km/h between Torreblanca and Alcala de Chivert stations.

Considering the kilometre points of track 1, the velocities are detailed below.

0+000,000 3+853.,464 140
3+853,464 9+922,8791 200
9+922,891 33+762,300 220
33+762,300 34+921,161 205
34+921,161 42+333,535 220
PK INICIO PK FIN VELOCIDAD (km/h)
42+333,535 50+800,926 150
50+800,926 51+127,067 220
51+127,067 60+412,770 210
60+412,770 79+825,695 205
79+825,695 80+147,081 210

The following table summarizes the mean weekly traffic in this tracks classified by typology of train (2016)(2)
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D5.3.2¢ Migration scenarios and paths CAPACITY4R#
SCP35A2013605650
2016/11/30
TABLEL3 REAL TRAFFIZO16(WEEKY MEAN(2)
Lon Regular
Origin Destination Total : g Regional g Freight | Service
distance local
Castell6 de la Plang Les Palmes 300 192 55 2 49 2
Les Palmes Orpesa 298 192 55 0 49 2
Orpesa Vinaros 294 187 54 0 49 3
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

VINAROS T VANDELLOS

This section has doubleway track with Iberian gauge. Howeyehe forecastis to implementinternational
gauge along the whole section by 202@Between P.H47+438¢ P.K214+611). The maximum train length
allowed will be 750 m.

o e 4 0s
~~| FINAL DE PROYECTO
P.K214+610,97

)

L'AMETLLA DEMAR P K. 207+331

LAMPOLLA - PERELLO P.K. 195+924

AMPOSTA P.K. 185+161

: PROVINCIA DE _
", CASTELLON DE LA PLANA |

VINAROS P K. 1484757

FIGURE28 PROJETED SITUATION OFETBECTIONINAROS, VANDELLO$5)

This section need 30 switches and crossings with International gauge.

RAILWAY STATIONS ASIDINGS

The main stations are detailed in this sectiorbeaware of the sidings.

- Ulldecona:

ULLDECONA

PROPUESTA ACTUACION
Km. 162.186 (Linea Valencia-Tarragona)

l ! IV[AI(L:IISGH)

VIA 2 (L= 906m)

< CASTELLON TARRAGONA >

< Vinaros ViA 4 (L= 750m)

FGURE29 ULLDECONA STATIEHN
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650

2016/11/30

-[ Q! fc Rfpbsta

L'ALDEA - AMPOSTA
PROPUESTA ACTUACION

Km. 185.161 (Linea Valencia-Tarragona)
Km. 204.400 (Ramal de Tortosa)

ViA 5 (L=523 m
ANDEN
16/ [ViA3(=523m) \i5

5 14 ; 3\
6 ViA 1 (L= 648 m) _\1 TARRAGONA >
4

ﬁ 5 18 ViA 2 (L= 586 m) M g/—1
20 /7

ViA 4 (L=523 m)

In Adeac Amposta statiorthere is a railway branch to reach Tortosa. The stations of Camp redé and Tortosa are
part of this branch and can be useful thanks to the international gauge constructed.

< CASTELLON

FIGURE30 L'ALDEA- AMPOSTA STATIOfb)

- Camarles DeltebreNo siding Double way trackwith International gauge

-[ Q hoWac Perelld:No sidingDouble way trackwith International gauge

[V YSidfflr RS al NJ

L'AMETLLA DE MAR
PROPUESTA ACTUACION

Km. 207.331 (Linea Valencia-Tarragona)

z 'é1

VIA 3 (L= 750m) |

ViA 1 (L= 513m) \é TARRAGONA =
: 3

ViA 2 (L= 513m) \1

8 ) 7

-\ ViA 4 (L= 472m) _9/- .

< CASTELLON

FGURE31 L'AMETLLA DE MAR STANE5)
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D5.3.2¢ Migration scenarios and paths CAPACITY4R#
SCP3A2013605650
2016/11/30

SPEEDAND TRAFFIC

The commerciaspeedis 210 km/h until Ametlla de Mar station then, it can reach 220 km/h.
The following table summarizes the mean weekly traffic in this tracks classified by typology of train (2016) (2)

TABLEL4 REAL TRAFFIZO16(WEEKLY MEAN2)

Origin Destination Total dils_?a';ie Regional Rlii::ar Freight | Service
Vinaros Ulldeconag Alcana | 306 186 68 0 49 2
Ulldeconac Alcana [ Q! £t RS 305 186 68 0 49 2
[ Q! £ RS Bif. Calafat 379 186 137 0 49 7
Bif. Calafat Vandellos 378 186 137 0 49 6

Thebranchy f Q! f RS Kditydof 120 tRihsiahd® onlyD30Ltdhains are running daily in both ways.
Therefore, the saturation of this branch is 25% and can be used for the main line management.
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650

2016/11/30

VANDELLOS T NUS DE VILASECA

This sedbn has asingletrack with Iberian gaugeHowever, doublevay track with International gauge is under
construction and should be operative by 2020. The objective is to join this section with thepleigdiine Madrid

¢ Barcelona.

Thetotal length of the sectiorsi37km with mixed traffic. Now, the maxim basic length of the freight trains can
be 450 m, but the new line will allow trains of 750 m length.

a
Duesaigles-L'Argentera Les Borges
del.Camp

Marcé-Fa]set ® .
- L]

e Riudecanye |

Pradell s-Botarell ./

Nova estacié de
L’Hospitalet de I'infant

XARXA FERROVIARIA ACTUAL
BN | inia d'alta velocitat (LAV)
EEE Xarxa convencional

"L'Hospitalet de B 1§ Linia a desmantellar
I'Infant
NOU CORREDOR VANDELLOS-CAMP DE TARRAGONA

Nou corredor Vandellds-Tarragona

i 1
VandellésgBa Connexié amb la LAV

FIGURE32 STUATION OF THE SEGN VANDELLOg VILASECAG)

Lleida-Pirineus
Riba-roja d’Ebre R14 Camp de
Rh Tarragona g
® s R S
=
g MHospitalet «©
o I' n Cambrils Vida-seca
8 de l'infant %\
g R16a o —— = (33 [
- R16h Vandellos Salou Do-t.§ R14-R15 _%
g Aventura R" ® = s
g Tarragona R17 3
[

-
o} Estacio fora de serven

FIGURE33 STATIONS AND CONNEOTWIS(7)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

STATIONS AND SIDINGS

The existing track will be substituted by a new infrastructure with different path. Therefore, all the stations are
new and the construction is adapted to an efficient performoa (8). The stations will be:

- Hospitalet def QL yV F I vV (i (PK 8+809y26% $of PK B+7729.265): There are 2 general tracks and 2 siding
tracks (400 m)

- PAET MontroidPK 15+930.6 to PK 16+350.6): 2 general tracks and 2 siding tracks (7§Gasnmago de
seguridad de 25 m de longitud atil)

- CambrilgP.K. 23+157.675 to P.K. 23+357.625)eneral tracks anl siding tracks (200 m of effective length)
- Vila secaThe layout of Vil&eca station is attached in the following section.

- Estaci¢ cetmal (PK 35+720 to 36+168@ general tracks and siding tracks400x10m and226x8m for the
interior and exterior siding tracks respectively)

CAMBIADOR DE ANCHOS

FIGURE34 ESTACIGCENTRAL LAYOUT

The switch and crossings in this section @dikéded in:

-l 2aLAGEESG RS ftQAYFILYydY muH RSGOAOSaA
- Mont-Roig: 10 devices

- Cambrils: 4 devices

SPEEDAND TRAFFIC

Nowadays, the maximunspeedin this section with a single track is 160 km/h. The international gauge
implementation will allow reaching a maximwpeedof 220 km/h in the main tracks (8).

With the construction of this new infrastructure, all the actual traffic in this section wllthrough this track.
Nowadays, the circulations are following a different path, which is listed in the following table. The values are
the mean weekly traffic in this tracks classified by typology of train (2016)(2)
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D5.3.2¢ Migration scenarios and paths CAPACITY4R#
SCP3EA2013605650
2016/11/30
TABLELS REAL TRAFFIZ0O16(WEEKLY MEAN2)
Lon Regular
Origin Destination Total : g Regional g Freight | Service
distance local
Vandellos Cambrils 390 186 149 0 49 5
Cambrils Salou 403 186 167 0 49 1
Salou Port Aventura 426 186 191 0 49 1
Port Aventura AG.CLAS. KM 277 440 186 204 0 49 1
AG.CLAS. KM 272 Tarragona 427 186 204 0 36 1
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

NUsS DEVILASECAI ST. VICENC DE CALDERS

This sectioiis divided in two sutsections, from Nus Vilaseca to Tarragona (9km) and from Tarragona to St. Viceng
de Calders (24.1 km)

Thesection has aouble track with Iberian gaug&here is a onavay track to access one of thagisticscenters
2F C¢FNNJF A2yl Qa KFEND2NJI 6¢NBaA /| YAyao GKIheforédastistd S Ay (S|
implementmixed @ugealong the whole section by 2020

FGURE35 PROJECTED SOLUTIONRFIME SECTIONLASECK ST. VICENC DEALDER%9)

This section needs 109 switch and crossing devices, of which 17 have Iberian gauge and 92 mixed or standard
gauge.

RAILWAY STATIONS AND SIDNGS

The configuration of the whole section is:

Lleida

Lleida < : - Sants

Reus <= » Castellbisbal

Vila-Seca
Altafulla
Tamarit

Repsol  Pto. Tarragona

Salou
16,0 km 1.2 kan

wnﬁnmdﬂl Anr-omummhnl|

—— Ancho ibérico

Ancho estandar
—— Ancho mixto 2
= Viadoble Morrot
Via unica

_ Sants

Vandellés

FGURE36 LAYOUT OF THE CONFRATION(9)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

Now, all the stations are listed and sidings and switches and crossings detailed.

- Torredembarra:

FIGURE37 TORREDEMBARRA STAT(ON

- Altafulla¢ Tamarit:

SITUACION PROYECTADA @

Km. 10+833

« TARRAGONA BARCELONA >

SANT VICENG DE CALDERS >

VA DE 750m.PARA ANCHO UIC ! @

FIGURE38 ALTAFULLA TAMARIT STATIOKO)

CAPACITY4RAIL PUBLIC Pager3



D5.3.2¢ Migration scenarios and paths CAPACITY4RA

SCP3EA2013605650
2016/11/30
- Tarragona:
SUPRESION DE P.N. EN CURSO SITUAC'ON PROYECTADA
—- gty @
e :h_% c.
N Do | i > Aa\s viaz L Mg 5 o 2\ a7
of el w M=\-_ = iR | il ST
g0../8 VIA 8 Longtnid 354 m v’

PUERTO DE
TARRAGONA  ACCESQZ

PUERTO DE
TARRAGONA
ACCES01
FIGURE39 TARRAGONA STATIQQ)
- Vilag Seca
SITUACION PROYECTADA
Km. 84.733

CONEXION LAY. MADRI
BARCELONA

0
FAONTERA FRANCESA

<REUS o ] BARCELONA >
= TARRAGONA CLASSIFICACIO >

NUDO DE

VILA-SECA @ @

FGUREAO VILA-SECA STATIOND)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650

2016/11/30

- Tarragonddassificacié This station is a logistical node that links the Mediterranean Corridor with the Tarragona
harbor.

? SITUACION PROYECTADA
< CASTELLON.
A P

:
CARGADERO DE LA PINEDA
K, 270500 /
:Imﬂl! / )

FIGUREA1 TARRAGONALASSIFICACIO STATIEN

SPEEDAND TRAFFIC

The maximunspeedof the section is 160 km/h and cannot be reached in the whole track. Some parts of the
track havespeedlimitations of 55 km/h.

The following table summarizes the mean weekly traffic in this tracks classified by typblogiy (2011) (10).

TABLEL6 REAL TRAFFIZO11(WEEKLY MEAN10)

- . Long : Regular . .
Origin Destination Total : Regional Freight | Service
distance local
VilaSeca Tarragona Classif.] 508 14 228 0 260 6
Tarragona Classif. Tarragona 460 14 228 0 212 6
Tarragona St. Viceng Calders| 791 205 347 0 232 7
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650

2016/11/30

ST. VICENG DE CALDERS T MARTORELL
Thesection has aouble track with Iberian gaug@he forecastis to implementmixed gqugealong the whole
section by 2020The total length is 85 km.

FIGURE42 PROJECTED SOLUTIONRFRHE SECTICET. VICENG DEALDERE MARTOREL(11)

This section needs 95 switch and crossing devices, of which 30 have Iberian gauge and 65 mixed or standard

gauge.

STATIONS AND SIDINGS

Lleida
Iy
| - Apartado 750m estandar - Apartado T50m osténdar
153 kan
Lleida e
Seat Martoed|
p 3 s s 5 I = Mollet
2
Reus : i H & §§ iz SF i » Sants
o = i 3 B 5
e Morrot
Ancha ibérico
3.9k 7.8 b 153 kn 8.3 km Ancho estindar
” " " I I | Ancha mixto
Apartado 550m ibérico || - Apartado 550m ibérica Sphchie 3R B i Via doble
Via tnica

¥ Sants

FGURE37. LAYOUT OF THE SECTI@N)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

Now, all the stations are listed and sidings and switches and crossings detailed.
- Gélida No sidings. Doubtevay track with mixed gauge.

{Fyid {FRdIdINYN RQ!y2AlY

SANT SADURNI D'ANOIA

VIA DE 750m. PROPUESTA ACTUACION
PARA IBERICO
Km. 60+057

< TARRAGONA B BARCELONA >
g .

:/* N
_ =

< VILAFRANCA CASTELLBISBAL >

ANDEN SIN USO !

FIGURE4A3 SANTSADURNI DANOIASTATION11)

-Laverntc Subirats No sidings. Doubleray track with mixed gauge.

-La Granada
LA GRANADA
PROPUESTA ACTUACION
< Km. 514717 >
(Q\ VIA DE 750m. e ) /%
| PARA ESTANDAR Tinel La Granada @
S \ L=48m N
< TARRAGONA I
g VIA 1 Longitud 930 m P | &-hv BARCELONA >
-5\_ f\! VIA 4 Longitud 822 m v/ ° q_/-'.‘_
o \ _u/E VIA 2 Longitud 685 m - 8 7\s CASTELLBISBAL >
< VILAFRANCA N wie P /;,

FIGURE44 LA GRANADA STATION 1)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA

SCP35A2013605650
2016/11/30
- Vilafranca del Penedés:
VILAFRANCA DEL PENEDES
PROPUESTA ACTUACION
— Km. 48+266 —
' ) SOTERRADO [ J
—/ ‘ ) —
< TARRAGONA - o BARCELONA =
&
< SANT VICENG CASTELLBISBAL >
DELALOERS Tinel ,.-; Tine!
| PKincoar-ars K Fin48+700 L
( ) |
— s

FIGURE45 VILAFRANCA DERENEDES STATIGfI1)

- Els Monjos
ELS MONJOS
PROPUESTA ACTUACION
Km. 43+203 =
| |
v
_ VIA 12
< TARRAGONA [-—-——ﬁ] \c:«":n ::: T\ 50 BARCELONA >
9 = ua"\_
viaz 1
< SANT VICENG [ | VILAFRANCA >
DE CALDERS
FGURE6 ELSMONJOS STATION. 1)
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D5.3.2¢ Migration scenarios and paths

CAPACITY4R/A
SCP35A2013605650
2016/11/30

-[ Q! ND 2 ceY

LAV. MADRID

L'ARBOG
PROPUESTA ACTUACION
Km. 36+516 -
gy @
vﬁ—b
e - A encEonA
= — =
< TARRAGONA Yash L;_:dm nen Yzz\y = :::; LW::::;: ' f e i e BARCELONA >
NN o/ wnmamen ] Negof

S

< SANT VICENG 19,

DE CALDERS

)

VIAS DE APARTADO DE 760m.
PARA ANCHO UIC

FIGUREA7 L'ARBOC STATION 1)

- El Vendrell:

EL VENDRELL

PROPUESTA ACTUACION
Km. 28+690

=

< TARRAGONA [ |

VILAFRANCA >
\

—

-

BARCELONA =

3
4 CM VIA 2
6
/)TN e ]
/

VIA & Longitud 454 m

< SANT VICENG
DE CALDERS

-

o

FGURE8 EL VENDRELL STATIGM1)

CAPACITY4RAIL PUBLIC
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D5.3.2¢ Migration scenarios and paths CAPACITY4R#
SCP3A2013605650
2016/11/30

- Sant Viceng de @fers:lt is an important node, with a hug#aily circulation of trains

Via 17 "
VA1 ¥
VIA 13 —
; pilion
' { \
- f TRAVESIA = /
e N UNION
) s 2
/ NN
N ,f - - \i ~ BARCELONA
I Al s __MAslopwdsmm AVIRY 15 ol S5 Y
<CASTELLON N/ - =5 O ¢ 2
b \; i ‘ . v Nl g SN
G o Yl o N\ & e MAtlorotddtom ) / yiLAFRANGA
I S SN, < TARRAGONA A"\ \\—:, TRAVESIA SIN UNIGN i = ‘5/ \ Z
PN \umooseccomee = N i i I S
A -
f ) Via DE APARTADO DE T20 M/ i T / DA e A
N VIA S Longtad 582 Gl T ¥ i R
= N wsaven { A %
) 5
| R\
. VIA 14 Lorguud 515 m s/ &, - \';,
SANT VICENC DE CALDERS \ AT —— ok %
PROPUESTA ACTUACION - ! \\ e —
Km. 35+865 (Plana de Picamoigons-San Vicente de Calders) _14—‘ \ R
Km. 618+027 (Madrid-Barcelona) \ eV ainos

PARA CER: sR7
Km. 24+758 (Tarragona-Barcelona) \BARACERCMNSE

FGURE4A9 ST VICENC DEALDERS STATIQ41)

SPEEDAND TRAFFIC

The maximunspeedof this section is 140 km/h.
The following table summarizes the mean weekly traffic in this tracks classified by typology of train (2016) (2).

TABLEL7 REAL TRAFFIZ016(WEEKLY MEAN2)

Origin Destination Total .Long Regional Regular Freight | Service
distance local

St. Viceng Calders [ Q! Nb 2 ¢ 599 1 58 290 247 3
[ Q! ND 2 ¢ Vilafranca Penedéqd 680 1 2 429 247 2
Vilafranca Penedés S. Sadurni 750 1 2 498 245 4
S. Sadurni Aguja Km.70,5 751 1 2 498 246 4
Aguja Km.70,5 Aguja Km. 71,185 746 1 2 498 241 4
Aguja Km71,185 Martorell 820 1 2 498 315 5
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

MARTORELLI CASTELLBISBAL

This section is already constructed and has dowag track with mixed gauge.

! Tanel de Martorell
Y >y 2

Ambito de Proyecto]

7T
FIGURES0 STUATION OF THE SEGNMARTORELG CASTELLBISBAL2)

This sectiomeeds 95 switches and crossing devices, of which 6 have Iberian gauge and 89 mixed gauge.
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA

SCP35A2013605650
2016/11/30
STATIONS AND SIDINGS
——— Ancho ibérico Apartado 750m esténdar
——— Ancho estandar ) Mollet
—— Ancho mixto
Seat Martorell
Reus <—
\ Ambito de proyecto
Lleida €=
—>
s Barcelona
Sant Viceng =
4 " Puerto de
de Calders » Barcelona
FIGURES1 LAYOUT OF THE SECTIAR)
Now, all the stations are listed and sidings and switches and croskeiajted.
- Castellbisbal
o |
<= v MOLLET >
__ vial
LAV MADAID - BARCELONA - FRANCIA % 2 “g""°v"“&"§“°°
\\\ \\\ ﬁ @ HILOS EXISTENTE
i P ! o
Ak 4o ’\.f
Vi e i T

TRAVESIA
SIN UNIGN TRAVESIA
SIN UNION

R o ﬁ "“ Jl},.,‘j;’

\"LL

_ VIA% Longixg STOm

22 VIAZorghud 490 m
e

24 VIA 4 Longliud 350 m 83 61

INDIJSVRIALS A

|
Tind de Caslelidlshal
=877 m

GONVAUTO

A
<0L¥3Nd

FIGURES2 CASTELLBISBAL STATIAR)
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D5.3.2¢ Migration scenarios and paths

CAPACITY4RA

SCP35A2013605650
2016/11/30

- Martorell:

FACTORIA SEAT
Km, 734574

FHGURES3 MARTORELL STATIQH2)

SPEEDAND TRAFFIC

MARTORELL

SITUACION PROYECTADA

=
=

BARCELONA > ] [
[}

{ CASTELLBISBAL >

Tined s Castelllsbal
=377m

The following table summarizes the mean weekly traffic in this tcdassified by typology of train (2016) (2).

TABLEL8 REAL TRAFFIZ016(WEEKLY MEAN2)

- . Long : Regular . .
Origin Destination Total : Regional Freight | Service
distance local
Martorell Castellbisbal 1,460 1 2 1,125 326 6
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA

SCP35A2013605650
2016/11/30

CASTELLBISBAL- PORTBARCELONA

In this section the third rail is already implemented. Therefore, a double track with mixed gauge is used. The total
length of the section is 17.5 km and the trains can have a maximum length of 750 m.

, 246
§ <
& Km 20,477 <
| o i > 222 | 222§
Sant Vicwg O Calows v - o
L ospaalet de Liogeegat o Towde Oandn o
Moctass . 3
23
246
CRANOLLIRS

Mo
S FOST it

IREIXAC  conies l U
270 0 o2 segwa 270

=
LA LLAGOSEA
276
« W Tdveye 7 2070
ESIACIO
) ENLACES DE BARCELONA
FIGURES4 LAYOUT OF LINES ANDATIONY13)
TERMINAL DE MORROT
PK 22+446
>
2
4
J

FGURES5 TERMINAL DIMORROT LAYOUTL4)
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
SCP35A2013605650
2016/11/30

FGURES6 CAN TUNIS STATION

e INCIOAVBITO PROYECTO (Conesitn
~\w\\¢mm « moliet)

P 0+000

LEYENDA
Ancho mixto
/’ Ancho Ibérico
; Ancho UIC
PR 3va00 \l e posicién del tercer carri
/ | cambio de mano

SPEEDAND TRAFFIC

The maximunspeedof this section is 140 km/h.

The following table summizes the mean weekly traffic in this tracks classified by typology of train (2016) (2).
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D5.3.2¢ Migration scenarios and paths CAPACITY4R#
SCP35A2013605650
2016/11/30
TABLEL9 REAL TRAFFIZO16(WEEKLY MEAN2)
Origin Destination Total dils_toannie Regional Rlii::ar Freight | Service
Castellbisbal Castc AGS Rubi | 1,450 1 2 1,126 316 6
Castc AGS Rubi Cast¢ AGS Molins | 1,136 1 2 901 228 4
Cast¢ AGS Molins Riu Llobregat 287 22 - - 262 3
Riu Llobregat Barnag Can Tunis | 286 22 - - 262 3
Barnag¢ Can Tunis Barna- Morrot 66 - - - 66 0
The statistic® F I NOStE2yF Q&8 KFENDB2NJ adzYYIENRT S GKS G20a1 ¢

the monthly evolution of the railway traffic is also detailed in the following tables. (15)

TABLE20 TRAFFIC CIRCULATIONS)

% over the
Gawe 2015 2016 %

total 2016

Iberian (1.6678 m) 6,321 6,459 2.2% 72.1%

UIC (1.435 m) 304 253 -16.8% 2.8%

FGC (1.000 m) 2,582 2,250 -12.9% 25.1%

TOTAL 9,207 8,962 -2.7% 100%

TABLE21 MONTHLY EVOLUTION DIE RAILWAY TRAFKLS)
T Toneladas 2015 Toneladas 2016 %

ferroviario mensual Sélidos Liquides Total Solidos Liquidos Total mensual
Enera 34.602 10.868 45.470 35.415 12324 47.739 5,0%
Febrero 46.906 9.523 56.429 33.021 8.300 41301 -26,8%
Marzo 48.552 12,053 60.605 36.762 4.688 41.450 -31,6%
Abril 44.081 11.567 55.648 36.879 7.604 44.483 -20,1%
Mayo 38.534 5.828 44362 38.841 4.951 43.792 -1,3%
Tunio 42531 9319 51.850 37.449 5.245 42.694 -17,7%
Julio 39.823 12.836 52.659 26.574 7.039 33.613 -36,2%
Agosto 40.427 4.126 44.553 29.677 6.345 36.022 -19,1%
Septiembre 40.176 7.505 47.681 32.986 6.248 39.234 -17,7%
Octubre 42289 5396 47.685 36.127 5359 41.486 -13,0%
Noviembre 42.159 6.002 48.161 36.845 4.842 41.687 -13,4%
Diciembre 34.565 5.948 40513 36.297 4.974 41.271 1,9%

Total 494.645 100.971 595.616 416.873 77.919 494.792
CAPACITY4RAIL PUBLIC
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D5.3.2¢ Migration scenarios and paths CAPACITY4RA
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CASTELLBISBAL MOLLET
Nowadays, this section hasubletrack with third rail implemented(Between PK 25+915 and PK67+345)

e ANCHO MIXTO
s ANCHO IBERICO
ANCHO IN

SITUACION FUTURA

FIGURES7 STUATION OF THE SEQN CASTELLBISBALMOLLET(16)

The section needs 30 switches and crossing devices, of which 7 are in Rubi station, 4 in Sant Cugat, 11 in
Cerdanyola, 4 in Rubi siding and 4 in St. Perpetua siding. (16)

RAILWAY STATIONS ANDSIDINGS

- Rubi siding750 m of useful length (P&+464.73 to PK 7+440.95 + 25 m in each side)

|Ap_g | APARTADERO DE RUBI [ap7 |

PAPIOL/
CASTELLBISBAL ;

-

MOLLET

Ancho Ibénco mramn
Ancho Madn umunm
Ancho imemacionad I

FGURES8 RuBI SIDING16)
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- Rubi station:

ESTACION DE RUBI

Anchio Idees e
Ancho Mich B
Ancho intemacond  JIRTIEIN

FIGURES9 RuBI STATIONL6)

- Sant Cugat:

Ancho Ibésko i

Archo Medo i

Areho inmaconat TSI APEADERO DE SANT
: CUGAT DEL VALLES

(APD.)
PAPIOL/
CASTELLBISBAL

-~ =» MOLLET

FIGURES0 ST. CUGAT DEVALLES SIDINEL6)

- Cerdanyola:

CERDANYOLA Ancho Ibasco Rilsitin]
UNIVERSITAT Ancho Mad piisituii]

FHGUREG1 CERDANYOLA STATIGH6)
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- Santa Perpetua siding50 m of useful length (PK 21+240.71 of track 2 to PK 22+217.66 + 25 m in each side)

APARTADERO DE
SANTA PERPETUA

PAPIOL/
CASTELLBISBAL

Archo Iinco mmunn
Ancho Vado prirainieia}
Ancho insomacional  STIRINITT

FGUREG2 SANTAPERPETUA SIDINAG)

- Santa Perpetua:

| Ancho tbénco wmnnn |

| Ache Mists ez APEADERO DE
1 Ancho intemacionst  JHIENEI SANTA PERPETUA DE MOGODA
PAPIOL/
CASTELLBISBAL
& -» MOLLET

xmmxnmnnnmmmmmmumnmmxwmwmwmmmmmnuntx:xmn

FGUREG3 SANTAPERPETUA STATIGW6)

SPEEDAND TRAFFIC

The following table summarizes the mean weekly traffic in this tracks classified by typology of train (2016)(2).

TABLE22 REAL TRAFFIZO16(WEEKLY MEAN2)

- . Long : Regular . .
Origin Destination Total : Regional Freight | Service
distance local

Castellbisbal Castc AGS Rubi | 1,450 1 2 1,126 316 6
Cast¢ AGS Rubi | Cast¢ AGS Llobreg| 320 0 0 228 88 4
Cast¢ AGS Llobreg| Cerdanyola Univ. | 376 21 0 228 121 5
Cerdanyola Univ. Bif. Nudo Mollet 326 - 0 212 111 2
Bif. Nudo Mollet Mollet ¢ Sant Frost| 292 - 0 212 78 2
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MOLLETT GIRONA T FIGUERES T FRENCH BORDER (HS LINE, INTERNATIONAL
GAUGH

The high speed line between Mollahd Figueres started their operations in 2013 with a dowisy track and
UIC gauge. It is a mixed line with passengers and freight traffic.

MOLLET- FIGUERES

NUDO DE RIELS GIRONA-MERC,
MOLLET MONTMELD LLINARS 767 m VILOBI D'ONYAR
l | — R L B 57 48 - ! l
76T m 812 m
GIRONA-MERC. VILAMALLA (FIGUERAS AV)

GIRONA RIU TER RIU FLUMA h
R  — /[Be=7"

s \lia ancho Ibérico esesee Via tercer carril wn \Jia ancho VIC

FGUREG4 MOLLEF FIGUERES LAYOUT

Maximum speed ofhe section i200¢ 250 km/h.hy t @ G KS LI daSy3asSNnRa G(GN» Aya
trains can follow a different path without visiting Girona station.

In the following tables are detailed the main design parameters of the line.
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LINEA DE ALTA VELOCIDAD. PARAMETROS TRAZADO EN PLANTA

VELOCIDAD MAXIMA DE PROYECTO: 200 < Vmex (km/h) < 250
TRAZADO EN PLANTA - IGP-2004 Normal Excepc.
PERALTE MAXIMO Dhsax (Mm) 140 160
MAXIMA INSUFICIENCIA DEL PERALTE Insax (mm) 80 100
MAXIMA ACELERACION SIN COMPENSAR aqus (Mis™) | 0,52 065
MAXIMO EXCESO DE PERALTE (Vi DE TRENES LENTOS) Emax (MM} 80 100
MAXIMA VAR. DEL PERALTE CON EL TIEMPO [dD/dt] gz (MMIs) 40 60
MAXIMA VAR. DEL ANGULD DE GIRO DE LA Via [deidi] way (rad’s) | 0,027 0,040
MAXIMA VAR. DE LA INSUFICIENCIA CON EL TIEMPO [dl/d] ya (MIMVS) 50 75
MAXIMA VAR. DE AC. NO COMPENSADA CON EL TIEMPO [dagfdt] ya (MiS) | 0,33 0,49
MAXIMA VARIACION DE PERALTE RESPECTO DE LA LONGITUD [AD/dll] wax (MMM} 0.7 20
(Pendiente del diagrama d peraltes)
CURVA CIRCULAR > Wyl 2
LONGITUD MINIMA DE ALINEACIONES DE CURVATURA | RECTA ENTRE CURVAS DE IGUAL > Vigs ] 2
CONSTANTE (M) SIGND DE CURVATURA
BISTINT SIGN DE CURVATURA 2Vmsx /2 6 0
FGURES5 DESIGN PARAMETERBOLLEF FIGUERE$HSLING (17)
LINEA DE ALTA VELOCIDAD. PARAMETROS TRAZADO EN ALZADO:
VELOCIDAD MAXIMA DE PROYECTO: 200 < Vs, (km/h) < 250
TRAZADO EN ALZADO - IGP-2004 Normal Excepec.
MAXIMA ACELERACION VERTICAL aymuw(mis) | 0,22 0,35
En via general con trafico de viajeros 25 30
PENDIENTE LONGITUDINAL MAXIMA IM&X (%) En via general con trifico mixto 15 18
En apartaderos 2 2
MAXIMA ACELERACION VERTICAL ayma(mis’) | 0,22 0,35
PENDIENTE LONG. MINIMA EN TUNELES Y TRINCHERAS Inin (%e) 5 2
LONGITUD MiNIMA DE ACUERDOS VERTICALES (m}) 2Vial 2
LONGITUD MiNIMA DE RASANTE UNIFORME ENTRE ACUERDOS {m) =2 Vial 2
LONGITUD MAXIMA DE RASANTE CON LA PENDIENTE MAXIMA (%) {(m) 3000
*) F':gra pendientes infn'eriores a la maxima admisible justificar que la pérdida de velocidad supera el 10% de las velocidades maxima y
minima de circulacion

FIGUREG6 DESIGN PARAMETERBOLLEF FIGUERE$HSLING (17)

The number of switches and crossing are:

- La RocaRiudellots: 27 devices

- Girona- Figueres: 27 devices

CAPACITY4RAIL

PUBLIC
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FIGUERES FRENCH BORDER

This section is nreaged by THerro withdoubleway track with international gaugét is useddr high speed
passenger trains and freight trains.

The maximum lengtbf the trains is

- Freight trains: 750 mA pilot test was pdormed and determined the possibility of having 850 meters trains if
needed.

- Passenger traingl00 m

The capacity of the line &ightly superior to 100 trains per day

LAY Perpignan - Figueres

Longitud 44,4 km (26,4 km en Francia v 19,8 km en Espafia)
Via [ ancho Via doble en ancho UIC
Electrificacion 25ky CA

Sistema de Comunicaciones | GSMR

Sistemia de Sefializacion | ETCS

Blogueo de control auvtomatico (blogueo automatcoo
banalizado especfico de las LAV)

Sistema de Bloqueo

Tipo de traficos Linea disafiada para trafico mixto,
Rampa caracteristica 1B%.
Velocidad maxima 350 kmifh

FIGUREG7 PARAMETERBIGUERES FRENCHBORDERHS)
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MOLLETT GIRONA T FIGUERES I PORTBOU - CERBERE (CONVENTIONAL LINE
IBERIAN GAUGE

This sectionis a double track in Iberian gauge and run approximapelsallel to the International gauge track
from Mollet to Girona. The section Girongigueres is longer than the AVE track due to the large number of
stations it serves. In the last section, between Figueres and the French border, the track reachessttendo
goes to Portbou and Cerbére.

The maximum length of the trains is 500 m and mixed traffic is running through this line.

The section between Girona and Figueres has implemented third rail. The implementation in the rest of the line

is not yet foregen, as there is UIC gauge between Mollet and France by HS Line. Actually, the third rail was
implemented between Girona and Figueres as a demand of TPFerro when the HS line was constructed from
Barcelona to Girona and not yet to Figueres.

STATIONS AND SIDNGS

- Granollers:

FGUREG8 GRANOLLERS STATION
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