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Production Mode     grams CO2 /kWh

• Hydro-electricity 4

• Nuclear 6

• Wind 3-22

• Photovoltaic 60-150

• Combined-cycle gas turbine 427

• Natural gas direct-cycle 883

• Fuel 891

• Coal 978

Cumulated CO2 emissions
from different means of electricity production

Source: SFEN, ACV-DRD Study

Range reflects the
assumption on how the
large amount of energy
for making the systems
are generated!!
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• Geologic time storage of spent fuel is heavily debated
� leakage in the biosphère ?
� expensive (1000 €/kg), sites? (Yucca mountain would hold 0.07 Mio tons!!)
� public opposition

• Long term Energy Concerns
� availability of oil, gas, coal (and uranium!)
� global warming induced by fossile fuels

Nuclear Waste from
present LWR's
(Light Water Reactors)

� is highly radiotoxic
(108 Sv/ton)

� at the end of present-
type nuclear deployment
about 0.3 Mtons, or
3x1013 Sv, compare to
radiation workers
limiting dose of 20mSv

� the initial radiotoxicity
level of the mine is
reached after more
than 1 Mio years

� worldwide, at present
370 "1GWel equiv. LWR"
produce 16% of the
net electricity

Nuclear energy makes 880 TWh/y (35% of EU's electricity), but 
LWR produce important amounts of high level waste
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•• In the United States, the current plan is to send all spent nIn the United States, the current plan is to send all spent nuclear fuel to theuclear fuel to the
Yucca Mountain Repository.  The challenge they are faced witYucca Mountain Repository.  The challenge they are faced with is that newh is that new
repositories will be needed as nuclear energy continues or grepositories will be needed as nuclear energy continues or grows.rows.
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Neutron consumption per fission ("D-factor")
for thermal (red) and fast (blue) neutron spectra

Where should we buy the needed fast neutrons?
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ADS: ADS: AAccelerator ccelerator DDriven (riven (subcriticalsubcritical) ) SSysteystemm
for transmutationfor transmutation

Proton Beam

Spallation Target

accelerator

Both critical reactors and sub-critical Accelerator Driven Systems (ADS) are potential candidates
as dedicated transmutation systems. 
Critical reactors, however, loaded with fuel containing large amounts of MA pose safety problems
caused by unfavourable reactivity coefficients and small delayed neutron fraction.
ADS operates flexible and safe at high transmutation rate (sub-criticality not virtue but necessity!)
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�� The ADS is most efficient at Minor Actinide TransmutationThe ADS is most efficient at Minor Actinide Transmutation

MA Production Rate (grams / GWh)Pu Production Rate (grams / GWh)

Burning and breeding efficiency of different reactor types

Figures: 
M. Capiello

&  G. Imel (ANL)
(ICRS-10/RPS2004)
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FP5 PDSFP5 PDS--XADS*: XADS*: WorkingWorking Packages Packages 

WP 2 :Safety

WP 1

Global Coherency

WP 2.1

Safety Goals,

Bases and

Acceptance Criteria

WP 2.2

Safety Issues,

Phenomenology

and methodology

WP 2.3

Preliminary Safety

Analysis,

Assessment and

Management

Design of Main Components

WP 4.1 & 4.2

Core Design

WP 5.1 & 5.2

System Integration

WP 4.3

Target Unit System

Design

WP 3

Accelerator

WP 5.3

Small-Scale XADS

A collaboration between Industrial Partners
and Research Organisations

F: Framatome-F CNRS CEA 
I: Ansaldo INFN ENEA CRS4   
RFA: Framatome-D FZK FZJ UFra
Esp: CIEMAT Empresarios UPM  
B: SCK IBA Tractebel
UK: NNC BNFL
Pt: ITN 
S: KTH 
Sui: PSI  
Pl: UMM  
NL: NRJ  
Eur: JRC

coordinateur général : Framatome (B.Carluec, B.Giraud)
coordinateur accélérateurs: CNRS-IN2P3 (A.C. Mueller)

*Contract N° FIKW-CT-2001-00179 (2001-2004)
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TheThe PDSPDS--XADS XADS AcceleratorAccelerator Group (WP3)Group (WP3)

•• WP3 partnersWP3 partners
CoordinatorCoordinator:  :  CNRSCNRS--IN2P3 (IN2P3 (FF))

Participants:  Participants:  AnsaldoAnsaldo (I)(I), CEA, CEA (F)(F), ENEA, ENEA (I)(I), FANP, FANP (F)(F), F GmbH, F GmbH (D)(D), , 

IBAIBA (B)(B), INFN, INFN (I)(I), ITN, ITN (P)(P), U. Frankfurt, U. Frankfurt (D)(D)

•• Main WP3 objectivesMain WP3 objectives
Investigation of Investigation of linaclinac and cyclotron types with the main emphasis on the and cyclotron types with the main emphasis on the 

XADS requirementsXADS requirements

Examination of the XADS accelerator characteristics: reliabilitExamination of the XADS accelerator characteristics: reliability, y, 
availability, stability, power control & maintainabilityavailability, stability, power control & maintainability

Definition of the R&D needsDefinition of the R&D needs

Choice of the reference accelerator type for XADS and for a lonChoice of the reference accelerator type for XADS and for a longg--term term 
extrapolated industrial extrapolated industrial transmutertransmuter

Definition of the road mapping of the ADSDefinition of the road mapping of the ADS--class acceleratorsclass accelerators

•• 6 Deliverables written6 Deliverables written
D9 D9 –– D47 D47 –– D48 D48 –– D57 D57 –– D63 D63 –– D80D80
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XADS XADS AcceleratorAccelerator RequirementsRequirements

•• Proton Proton BeamBeam SpecificationsSpecifications
DefinedDefined by WP1by WP1

600 MeV, 6 mA max600 MeV, 6 mA max. for . for 
operationoperation

10 mA for 10 mA for thethe
demonstrationdemonstration of conceptof concept

350 MeV for 350 MeV for thethe smallersmaller
scalescale XADS MYRRHA XADS MYRRHA 

HighHigh reliabilityreliability
requirementrequirement: : lessless thanthan 5 5 
beambeam trips > 1 sec trips > 1 sec perper yearyear

•• AdditionalAdditional requirementsrequirements
200 200 µµµµµµµµs s beambeam «« holesholes » for » for 

onon--line subline sub--criticalitycriticality
measurementsmeasurements

SafetySafety grade grade shutdownshutdown

200µµµµs
I

t

I0 200µµµµs 200µµµµs

1s 1s

0
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ChoiceChoice of of thethe GenericGeneric AcceleratorAccelerator Type Type 

•• Main technical answersMain technical answers
Superconducting Superconducting linaclinac
•• No limitation in energy & in intensityNo limitation in energy & in intensity

•• Highly modular and upgradeable (industrial Highly modular and upgradeable (industrial transmutertransmuter))

•• Excellent potential for reliability (faultExcellent potential for reliability (fault--tolerance)tolerance)

•• High efficiency (optimized operation cost)High efficiency (optimized operation cost)

Cyclotron Cyclotron 
•• Attractive (construction) costAttractive (construction) cost

•• Required parameters at limits of feasibility ("dream machine")Required parameters at limits of feasibility ("dream machine")

•• Compact, but therefore not modularCompact, but therefore not modular

•• In complete agreement with findings of the NEA report:In complete agreement with findings of the NEA report:
Cyclotrons of the PSI typeCyclotrons of the PSI type should be considered as the natural and should be considered as the natural and 

costcost--effective choice effective choice for preliminary low power experimentsfor preliminary low power experiments, where , where 
availability and reliability requirements are less stringent.availability and reliability requirements are less stringent.

CW linear accelerators must be chosen for demonstrators and fullCW linear accelerators must be chosen for demonstrators and full
scale plantsscale plants, because of their potentiality, once properly designed, in , because of their potentiality, once properly designed, in 
term of availability, reliability and power upgrading capabilityterm of availability, reliability and power upgrading capability..
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PDSPDS--XADS XADS ReferenceReference AcceleratorAccelerator LayoutLayout
(n.B. note (n.B. note similatitysimilatity to EURISOLto EURISOL--driver)driver)

StrongStrong R&D & construction R&D & construction programsprograms for LINACsfor LINACs

underwayunderway worldwideworldwide for for manymany applications applications 
(Spallation Sources for Neutron Science, Radioactive Ions & Neut(Spallation Sources for Neutron Science, Radioactive Ions & Neutrino rino BeamBeam FacilitiesFacilities, Irradiation , Irradiation FacilitiesFacilities))
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ReferenceReference AcceleratorAccelerator: : LowLow EnergyEnergy SectionSection

•• R&D on R&D on thethe injectorinjector partpart
by by thethe WP3 WP3 partnerspartners

«« IPHIIPHI » ECR Source & » ECR Source & 
Normal Normal ConductingConducting RFQ RFQ 
(CEA(CEA--CNRS)CNRS)

«« TRASCOTRASCO » ECR Source » ECR Source 
& Normal & Normal ConductingConducting RFQ RFQ 
(INFN)(INFN)

Normal Normal ConductingConducting IHIH--
DTL Structure (IBA) DTL Structure (IBA) 

SuperconductingSuperconducting CHCH--DTL DTL 
Structure  (U. Frankfurt)Structure  (U. Frankfurt)
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ReferenceReference AcceleratorAccelerator: : HighHigh EnergyEnergy SectionSection

•• R&D on R&D on SC SC prototypicalprototypical cavitiescavities by by thethe WP3 WP3 partnerspartners

Spoke Spoke cavitiescavities ββββββββ = 0.15 & = 0.15 & ββββββββ = 0.35 = 0.35 (CNRS)(CNRS)

EllipticalElliptical cavitiescavities ββββββββ = 0.5 & = 0.5 & ββββββββ = 0.65 = 0.65 (CEA(CEA--CNRSCNRS--INFN)INFN)

Test @ 2 K (april 2004)

1E+08

1E+09

1E+10

0 2 4 6 8 10 12 14 16 18
Eacc (MV/m)

Qo

Eacc max=16.2 MV/m
RF power limitation

No quench

XADS Goal

Helium processing
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ReferenceReference AcceleratorAccelerator: : BeamBeam Line TransportLine Transport

•• TheThe doublydoubly achromaticachromatic beambeam lineline
concept + concept + beambeam scanning scanning methodmethod
meetsmeets thethe specificationsspecifications: : 

of of thethe GasGas--cooledcooled XADS XADS 
((circularcircular footprintfootprint, , ∅∅160)160)

of of thethe LBELBE--cooledcooled XADS XADS 
((rectangularrectangular footprintfootprint, 10, 10××80)80)

of MYRRHA of MYRRHA 
(quasi(quasi--circularcircular footprintfootprint, , ∅∅72)72)
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ReliabilityReliability AnalysisAnalysis

•• AssessmentsAssessments usingusing thethe
«« FailureFailure Modes Modes andand EffectsEffects
AnalysisAnalysis » (FMEA) » (FMEA) methodmethod

•• Reliability engineering is a Reliability engineering is a 
discipline for discipline for estimating, estimating, 

predicting and controllingpredicting and controlling the the 
probability of occurrence of probability of occurrence of 

system faultssystem faults

Technical design 

Reliability studies: 
MTBF, MTTR, A, R, etc. 

System design  
Design Review 

Data sources  
(MTBF, MTTR) 

 Benchmarks based on other experiences  
 

ITERATIVE 

PROCESS 

 

Reliability Block 
Diagram (RBD) 

Failure Modes and Effects 
Analysis (FMEA / FMECA) 
Fault Tree Analysis (FTA) 



1818Alex C. MUELLERAlex C. MUELLER
IAEA Symposium on Utilization of Accelerators, 
Dubrovnik, Croatia, June 5-9  2005

Main Conclusions on Main Conclusions on ReliabilityReliability

•• TheThe cyclotron optioncyclotron option for PDSfor PDS--XADS does not seem to offer a XADS does not seem to offer a 
sufficient perspective of reaching the requested reliability levsufficient perspective of reaching the requested reliability levelel

•• No showstopperNo showstopper to reach high availability & high reliability with to reach high availability & high reliability with 
the XADS reference linac if the XADS reference linac if overover--designdesign & & redundancyredundancy are used are used 

•• Fault toleranceFault tolerance has been identified as key element in order to has been identified as key element in order to 
guarantee reliability by design and operation guarantee reliability by design and operation 

Identification of the main component faults & estimate of theirIdentification of the main component faults & estimate of their effect effect 
on the beam (not always straightforward)on the beam (not always straightforward)

Identification of strategies (and proper hardware systems) to dIdentification of strategies (and proper hardware systems) to deal with eal with 
faultsfaults

Plans for the accelerator commissioning and maintenancePlans for the accelerator commissioning and maintenance

Reliability/availability allocation need to be examined with thReliability/availability allocation need to be examined with the e 
constraints of legislation (safety aspects) & radioprotectionconstraints of legislation (safety aspects) & radioprotection
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Fault tolerance in the independently phased SC sections is a crucial 
point because a few tens of RF systems failures are foreseen per year.

1. Consequences of the failure of a 
superconducting RF cavity

→ A RF system failure induces phase slip (non
relativistic beam)

→ If nothing is done, the beam is always LOST

2. Linac retuning after the failure of a RF cavity or of a quadrupole

→ Local compensation philosophy is used
→ In every case, the beam can be transported up to the high energy end without beam loss

FaultFault scenariosscenarios andand recoveryrecovery seesee talktalk LucijaLucija LukovacLukovac
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ReliabilityReliability, Feedback , Feedback SystemsSystems & Maintenance& Maintenance

•• The The feedback systemsfeedback systems has to provide the necessary energy has to provide the necessary energy 
stability, dealing with faults in order to reach the project goastability, dealing with faults in order to reach the project goals ls 
(less than 5 beam trips per year)(less than 5 beam trips per year)

•• TheThe maintenance maintenance strategystrategy has to has to guaranteeguarantee thethe reliabilityreliability of of thethe
machine for more machine for more thanthan 20 20 yearsyears

It should guarantee theIt should guarantee the longlong--termterm validityvalidity of the of the linaclinac prime criteria:prime criteria:
•• OverOver--Design / Redundancy / Fault ToleranceDesign / Redundancy / Fault Tolerance

Need for an expert systemNeed for an expert system ::
•• DetectDetectinging faulty or outfaulty or out--ofof--order equipmentorder equipment

•• PlanPlanningning ofof subsequentsubsequent maintenance & maintenance & managmanagementement ofof the intervention time the intervention time 
according to radioprotectionaccording to radioprotection

Fast digital RF systemFast digital RF system can can 
implement fault tolerance with implement fault tolerance with 
respect to cavity fault by dealing respect to cavity fault by dealing 
fault set tablesfault set tables

Beam diagnosticsBeam diagnostics is also an area is also an area 
of prime importanceof prime importance
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ReliabilityReliability & Maintenance& Maintenance

•• The maintenance strategy is presently under investigation, The maintenance strategy is presently under investigation, 
assuming assuming 3 months of operation / 1 month of maintenance3 months of operation / 1 month of maintenance
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XADS: XADS: SafetySafety Aspects & Radioprotection*Aspects & Radioprotection*

•• LegalLegal frameworkframework
RecommendationsRecommendations: ICRP publication 60: ICRP publication 60

EuropeanEuropean Directive 96/29/EuratomDirective 96/29/Euratom

EuropeanEuropean Union: Union: analysisanalysis of national of national legislationslegislations
•• BelgiumBelgium

•• FranceFrance

•• GermanyGermany

VeryVery similarsimilar requirementsrequirements fromfrom national national legislationslegislations for an XADS for an XADS 
facilityfacility, in , in particularparticular::

•• Public Public enquiryenquiry

•• DecommissioningDecommissioning planplan

BelgiumBelgium: more restrictive : more restrictive definitiondefinition of «of « radiation radiation workerworker »»

•• AcceleratorAccelerator shieldingshielding philosophyphilosophy basedbased on on thethe ALARA ALARA principleprinciple
AAs s LLowow AAs s RReasonablyeasonably AAchievablechievable

*study performed within "Deliverable D48" by Paul Berkvens and S.Palanque
relying on Moyer's model
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XADSXADS--AcceleratorAccelerator ShieldingShielding DesignDesign

•• Conservative Conservative beambeam losseslosses
assumptionsassumptions

Normal beam lossesNormal beam losses
•• RFQ: 3%RFQ: 3%

•• Intermediate energy: 10 Intermediate energy: 10 nA/mnA/m

•• High energy: 1 High energy: 1 nA/mnA/m

Unwanted beam tripsUnwanted beam trips
• P > 1. 10-2 year-1 � included in 

the normal beam losses
• P < 1. 10-2 year-1 � “accidental 

beam losses” case

ββββ = 0.47 ββββ = 0.85ββββ = 0.65ββββ = 0.35

RFQso
ur
ce

RFQ

so
ur
ce

1 nA.m-110 nA.m-13 %

300 cm

150 cm

250 cm

200 cm

AA

BB

CC

ground level

beam

Accelerator Tunnel 
Cross Section 

concrete 

•• ALARA ALARA shieldingshielding design design criteriacriteria
< 1 < 1 mSvmSv/year/year

I.e. I.e. < < 0.5 0.5 µµµµµµµµSv/hSv/h (2000 h/year)(2000 h/year)

Occupancy factor = 1Occupancy factor = 1
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600 600 MeVMeV XADS: XADS: 
ShieldingShielding for Normal for Normal OperationOperation andand for for CommissioningCommissioning
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Radioactivity produced per meter along the high-
energy part of the accelerator for a 1 nA.m-1

beam loss, as a function of the decay time, for 4 
different values of the irradiation time.

BeamBeam Stop Stop andand AcceleratorAccelerator ActivationActivation

time (d)

Dose rates at 50 cm from the beam axis, along the 
high-energy part of the accelerator for a 1 nA.m-1

beam loss, as a function of the decay time, for
4 different values of the irradiation time.

Dose Rate
((((µµµµSv/h)

Iron shielding for a 600 MeV beam dump as a function of the beam 
power,required to reduce the dose rate outside a 60 cm concrete 
building, covered with 550cm of earth, below 0.5 µSv.h-1.



2626Alex C. MUELLERAlex C. MUELLER
IAEA Symposium on Utilization of Accelerators, 
Dubrovnik, Croatia, June 5-9  2005

SafetySafety Aspects: Application to MYRRHA @ MolAspects: Application to MYRRHA @ Mol

•• TheThe 350 MeV 350 MeV 
MYRRHA machineMYRRHA machine

Location on Location on thethe
SCKSCK••••••••CEN site, CEN site, 
Mol, Mol, BelgiumBelgium
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•• Tunnel design for a Tunnel design for a 
350 MeV XADS linac 350 MeV XADS linac 

ShieldingShielding calculationscalculations
@ 350 MeV@ 350 MeV, 1 nA/m,   , 1 nA/m,   
0.5 0.5 µµµµµµµµSvSv/h/h

Chicane Chicane accessaccess designdesign

ShieldingShielding for normal for normal 
losseslosses alsoalso copescopes withwith
«« accidentalaccidental losseslosses »»

CalculationsCalculations by by 

P. P. BerkvensBerkvens & S. Palanque& S. Palanque
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XADS Accelerator RoadmapXADS Accelerator Roadmap
and advanced technology and advanced technology programmeprogramme

LongLong--termterm operationoperation ofof thethe injectorinjector

Construction & test Construction & test ofof intermediateintermediate energyenergy cavitiescavities

Full Full demonstrationdemonstration ofof thethe highhigh energyenergy section section cryomodulecryomodule

FaultFault tolerancetolerance: : numericalnumerical simulationsimulation code & code & digitaldigital RF control RF control systemsystem designdesign
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Recycling in
Thermal reactors

Burndown using
fast spectrum

burners
Generation IV
Equilibrium

Once-through cycle

LWR
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Figure: 
M. Capiello

&  G. Imel (ANL)
(ICRS-10/RPS2004)

A possible Scenario using ADS to support Generation-III
(and even Gen-IV ! ) reactors

2020           2030          2040         2050          2060

(only certain countries
e.g. US)
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From FP5 From FP5 PDSPDS--XADSXADS to FP6 to FP6 EUROTRANSEUROTRANS
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The accelerator within EUROTRANSThe accelerator within EUROTRANS--DM1 DM1 

WP1.3: ACCELERATOR

GOAL:

HPPA development, and in 

particular, qualification of the 

reliability of the prototypical 

components

CO-ORDINATING 

CONTRACTOR:

CNRS (F) – Alex C. Mueller
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Injector ReliabilityInjector Reliability

GOAL:

The injector IPHI, developed by CEA and 

CNRS, will be used for a long run test to 

demonstrate on a real scale the reliability of 

the injector part.

CO-ORDINATING CONTRACTOR:

CEA (F) – Raphaël Gobin

MILESTONES:

M1.3.1:  Specifications for the long test run  (+9)

M1.3.2:  Injector operational for test (+18)

M1.3.3:  Experimental tests accomplished (+36)

M1.3.4:  Final report: results and analysis (+39)

DELIVERABLES:

D1.3.1: Preliminary short report. 
Specifications of the long test runs 
(CEA, +9)

D1.3.2: Intermediate progress report 
on injector status and proposed test 
schedule (CEA, +18)

D1.3.3: Final report on results and 
analysis (CEA, +39)

TASK 
1.3.1
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IntermediateIntermediate--energy Sectionenergy Section

GOAL:

Evaluation of room-temperature cavities and

superconducting cavities performances, reliability and

cost. Determination of the energy transition from where

on doubling of the injector is no longer required for 

reliability.

CO-ORDINATING CONTRACTOR:

CNRS (F) – Tomas Junquera

MILESTONES:

M1.3.5:   Specifications for prototypes (+6) 

M1.3.6:  Prototypes ready for test (+27)

M1.3.7:  Experimental results of prototypes performances (+39)

M1.3.8:  Final report: synthesis and design proposals (+42)

DELIVERABLES:

D1.3.4: Preliminary report. Specifications of 
the prototypes (IAP_FU, +6)

D1.3.5: Intermediate report on prototype test 
schedules (IBA, +18)

D1.3.6: Final report: tests results, synthesis
and design proposals (CNRS, +42)

TASK 1.3.2
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HighHigh--energy Sectionenergy Section

GOAL:

Design, construction and test of a full prototypical

cryomodule of the high energy section of the proton 

linac.

CO-ORDINATING CONTRACTOR:

INFN (I) – Paolo Pierini

MILESTONES:

M1.3.9:   Preliminary cryomodule specifications (+9)

M1.3.10:  Cryomodule design finalized (+15) 

M1.3.11: Cryomodule is ready for test (+30)

M1.3.12: Exptl. results of cryomodule performances (+39)

M1.3.13:  Final report: synthesis and design proposals (+42)

DELIVERABLES:

D1.3.7: Preliminary report:  specifications for
the cryomodule (INFN, +9)

D1.3.8: Report on cryomodule design and 
schedule (CNRS, +15)

D1.3.9: Final report: test results, synthesis
and design proposals (INFN, +42)

TASK 1.3.3
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Digital RF ControlDigital RF Control

GOAL:

Modelling and VHDL analysis of a digital RF control 

system for fault tolerant operation of the linear

accelerator. (Prototyping of an RF control unit is strongly

recommended)

CO-ORDINATING CONTRACTOR:

CEA (F) – Michel Luong

MILESTONES:

M1.3.14:  Preliminary RF control system specifications (+6)

M1.3.15:  RF control system modelling (+24)

M1.3.16:  Final report: VHDL architecture and synthesis (+42)

DELIVERABLES:

D1.3.10: Preliminary specifications of the RF 
control system (CEA, +6)

D1.3.11: Report on RF control system modelling
(CEA, +24)

D1.3.12: Final report: VHDL architectures and 
synthesis (CEA, +42)

TASK 1.3.4
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Beam Dynamics and Overall CoherenceBeam Dynamics and Overall Coherence

GOAL:

Overall coherence of the accelerator design, 

including beam dynamics simulations, 

integrated reliability analysis, and cost

estimation.

CO-ORDINATING CONTRACTOR:

CNRS (F) – Jean-Luc Biarrotte

MILESTONES:

M1.3.17:   General specifications (+6)

M1.3.18:   WP1.3 overall task review (+18)

M1.3.19:  Results of beam dynamic simulations (+30)

M1.3.20:  Reliability study experimental results (+39)

M1.3.21:  Integrated reliability analysis (+45)

M1.3.22:  Cost Analysis (+45)

M1.3.23:  Final report (+48)

DELIVERABLES:

D1.3.13: General specifications for all the tasks

(CNRS, +6)

D1.3.14: Beam dynamics simulations for fault 

tolerance (CNRS, +30)

D1.3.15: Report on integrated reliability analysis of 

the accelerator (INFN, +48)

D1.3.16: Final report: accelerator design, 

performances, costs for XT-ADS and EFIT and 

associated road map (CNRS, +48)

TASK 1.3.5
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CONCLUSION CONCLUSION 

With the With the reliabilityreliability--focusedfocused R&D R&D 
programmeprogramme within the within the EUROTRANSEUROTRANS
project, project, 

the the AcceleratorAccelerator for a EUROPEAN for a EUROPEAN 
ADS Demonstrator ADS Demonstrator XTXT--ADSADS is on is on 
the projected the projected roadmaproadmap
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