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The TWG European Roadmap 
towards Nuclear Waste 
Incineration by ADS

Table 2.3. T ime schedule and m ilestones  for  the development of ADS technology in E urope

            Year 2000+ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 25 30 40 50
Phase-1
XAD S/XADT
Basic R&D
Choices of Options
Prelim inary design
Design + Licensing
Cons truction
Low power testing
Full power testing
XAD S Operation
XAD T Conversion
XAD T Operation
Phase-2
Prototype ADT
Basic R&D
Cons tr ., Operation
Phase-3

Indus tr . Appl ication
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XADS (technology demonstrator) 
Roadmap as proposed by the TWG
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Year 2000 + 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
ACCELERATOR

- R&D
- Design
- Construction
 XADS Site and Infrastructures Preparation (1)

SPALLATION MODULE
 Prototypical Target - connection to accelerator
 Operation of  accelerator & target combined (2)

SUBCRITICAL SYSTEM
- Choice of Options (coolant and fuel) (3)
- Detailed Design and Licensing
- Construction
- Commissioning and operations

(1) Nuclear island foundations and infrastructures for accelerator complex
(2) Refer to figure 3.1 for plant configuration
(3) PDS-XADS activities within 5th FP
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Projects on ADvanced Options for 
Partitioning and Transmutation (ADOPTADOPT)

TRANSMUTATION (3.9 MEuro)
Fuels:

CONFIRM
THORIUM CYCLE

FUTURE

PARTITIONING (5 MEuro)
PYROREP
PARTNEW

CALIXPART

TRANSMUTATION (6.5 MEuro)
Basic Studies:

MUSE
HINDAS

N-TOF_ND_ADS

TRANSMUTATION (7.2 MEuro)
Technological Support:

SPIRE
TECLA

MEGAPIE - TEST

TRANSMUTATION (6 MEuro)
Preliminary Design Studies
for an Experimental ADS:

PDS-XADS



PDS - XADS
Work organisation 

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
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PDS-XADS WP1 (Global Coherency)
preliminary requirements (status 01/2002)

  Reference XADS requirements
 Accelerator requirements

 Max. Beam Intensity  5 to 10 mA
 Proton Energy  600 to 800 MeV

 Beam focalisation
stability

 + 5 to 10 %

 Intensity Beam stability  + 2 to 4 %
 Beam entry  To be defined

 Beam trip number  Less than 10 per year
 Beam type  CW, Pulsed

 Target requirements
 Target Life time  1 year of operation
 Target Material  LBE

 Target Diameter  30 to 40 cm
 Target Power  2 to 5 MW

 Sub critical core requirements
 Power  60 to 100 MWTh

 Min. Core volume  500 liters
 Max. Core volume  1500 liters

 Vol. Power  80 à 200 W/cm3
 Pu  Less than 30 %

 ∆ρ/ρ BU  between -10 and –15 pcm/efpd
 Cycle length  Larger than 100 efpd

 DPA max  0.15 dpa/efpd
 Max Flux  3 1015 n cm-3s-1

 H.N. Inventory ≈ 1000 / 2500 kg

• 600 - 800 MeV
• 10 mA
• less than 10 trips
per year

• stability +/- 2%
• CW (with pulsing
capability)
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Arguments for LINAC-based
ADS from the roadmap

• The "Front end"
• impressive R&D efforts (LEDA, IPHI, TRASCO, SNS, ISIS, ESS)
• sophisticated beam dynamics simulations
• first experimental demonstration by LEDA 7 MeV, 100mA
• the halo problem and hence activation are under control
• designs integrate reliability aspects from the intitial phase on (important

safety margins), specific tests and improvements (e.g. SILHI)

• The high-energy linac
• beam losses below 1nA/m for hands-on maintenance
• impressive R&D efforts for SC cavities

• important potential for cost reduction réduction/decrease of
accelerator length and/or reliability (franco-italien strategy)

• decision SC/nSC at the 2MW frontier (cf. SNS) 
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Linac "design philosophy" aspects
(Transparency G. Lawrence 1999 HPPA-Workshop, Aix en Provence)

Alex C. Mueller, 4 February 2002, ESRF Grenoble         - 8 -



Linac "design philosophy" aspects
(Transparency G. Lawrence 1999 HPPA-Workshop, Aix en Provence)
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The European projectsThe European projects: EURISOL & XADS: EURISOL & XADS

⇒⇒ DevelopmentDevelopment of ADS forof ADS for Nuclear WasteNuclear Waste TransmutationTransmutation

PartnersPartners:: AustriaAustria,, BelgiumBelgium,, FinlandFinland, France,, France, GermanyGermany,, ItalyItaly, Portugal,, Portugal, SpainSpain,, SwedenSweden

⇒⇒ DesignDesign studystudy ofof the nextthe next--generation Europeangeneration European ISOL RNBISOL RNB facilityfacility

«« DriverDriver AcceleratorAccelerator GroupGroup »» = CEA Saclay, CERN, GANIL, INFN LNL, IPN Orsay= CEA Saclay, CERN, GANIL, INFN LNL, IPN Orsay

«« eXperimental Accelerator DriveneXperimental Accelerator Driven SystemSystem »»

«« EURopean IsotopeEURopean Isotope SeparationSeparation OnOn--LineLine »»

CWCW600 MeV600 MeV ((→→ 11
GeVGeV))

20 mA20 mA ((→→ 40 40 
mA)mA)

XADSXADS

CWCW

BeamBeam
structurestructure

11 GeVGeV ((→→ 22 GeVGeV))5 mA 5 mA (& 0.5 mA)(& 0.5 mA)EURISOLEURISOL

MaximumMaximum EnergyEnergyNominalNominal
currentcurrent

PROTON BEAM 

PROTON BEAM 

REQUIRED

REQUIRED

EURISOLEURISOL

RadioactiveRadioactive Nuclear Nuclear 
Beam FacilityBeam Facility

http://http://wwwwww..ganilganil..frfr//eurisoleurisol

XADSXADS

http://http://itumagillitumagill..fzkfzk.de/ADS.de/ADS
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LOW ENERGYLOW ENERGY
SectionSection

HIGH ENERGYHIGH ENERGY
SectionSection

LayLay--out of aout of a HighHigh Power Proton Power Proton LinacLinac
à la EURISOL / XADSà la EURISOL / XADS

INTERMEDIATEINTERMEDIATE
SectionSection

TargetTarget

5 MeV100 keV

RFQRFQ

So
ur

ce
So

ur
ce

~ 500 MeV~ 100 MeV ~ 200 MeV

β = 0.65β = 0.47 β = 0.85

1 GeV or +

InjectorInjector EllipticalElliptical SCSC CavitiesCavitiesDTL or SCDTL or SC CavitiesCavities

(QWR, Spoke,(QWR, Spoke, reentrantreentrant…)…)
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A superconductingA superconducting intermediateintermediate section ?section ?

Design of a SC linacDesign of a SC linac
fromfrom 12 MeV to 112 MeV to 1 GeVGeV

(I=20 mA CW)(I=20 mA CW)

TheThe «« very lowvery low ββ SCSC cavitycavity »» solutionsolution compared withcompared with a DTL solutiona DTL solution
(5 (5 –– 85 MeV, 20 mA CW)85 MeV, 20 mA CW)

1.1. Same investment costSame investment cost: : 20 to 25 M20 to 25 M€€ -- notnot includingincluding infrastructuresinfrastructures

Same lengthSame length: : 60 to 8060 to 80 metresmetres

2.2. Better efficiencyBetter efficiency: 8 MW AC = : 8 MW AC = 3 M3 M€€//yearyear areare savedsaved
Larger beamLarger beam apertures (apertures (××3):3): safetysafety ←← no structure activationno structure activation

IndependantIndependant RF structures:RF structures: reliabilityreliability ←← lowlow power sourcespower sources

++ flexibilityflexibility (power(power adjustmentsadjustments,, heavyheavy ionion capabilitycapability))

3.3. Beam matching after theBeam matching after the RFQ (5 MeV)RFQ (5 MeV) is is difficultdifficult ←← longlong focusing lengthfocusing length
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ChoiceChoice ofof the acceleratingthe accelerating structuresstructures

Main goals:Main goals:

1.1. Maximize Maximize thethe acceleratingaccelerating
fieldsfields ⇔⇔ minimize the minimize the linac linac 
lengthlength

2.2. KeepKeep some safety marginssome safety margins on on 
peak peak surface surface fieldsfields::
BpkBpk<50mT,<50mT, EpkEpk<25MV/m<25MV/m

3.3. Minimize the Minimize the RF RF losseslosses

4.4. MinimizeMinimize the number the number of of 
different different structuresstructures

5.5. ProvideProvide acceptable acceptable beam beam 
dynamics dynamics 

6.6. Check Check the mechanical the mechanical 
feasability feasability of of the the structuresstructures

22--gaps spoke gaps spoke cavitiescavities ββ=0.18 & =0.18 & ββ=0.35 =0.35 
@ 352.2 MHz, 2K (or 4K)@ 352.2 MHz, 2K (or 4K)

55--cells elliptical cavitiescells elliptical cavities ββ=0.47, =0.47, ββ=0.65 & =0.65 & ββ=0.85 =0.85 
@ 704.4 MHz, 2K@ 704.4 MHz, 2K
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CavityCavity design & optimisationdesign & optimisation

Main goals: Main goals: 

1.1. MinimizeMinimize EpkEpk/Eacc /Eacc andand
BpkBpk/Eacc/Eacc

2.2. MinimizeMinimize thethe RF RF losses losses on on the the 
cavity wallscavity walls

3.3. Keep Keep large bore radiuslarge bore radius

4.4. ProvideProvide a a good mechanical good mechanical 
stabilitystability

SimulationsSimulations withwith::
-- RF RF calculationscalculations:: SuperfishSuperfish,, BuildCavBuildCav, Mafia , Mafia 
-- Mechanical calculationsMechanical calculations:: CastemCastem,, AnsysAnsys,, AcordAcord

Elliptical cavityElliptical cavity, 704.4 MHz, , 704.4 MHz, ββ=0.65=0.65

SpokeSpoke cavitycavity, 352.2 MHz, , 352.2 MHz, ββ=0.35=0.35
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Beam dynamics studiesBeam dynamics studies

ChoicesChoices: : 

1.1. Focusing Focusing by by quadrupole quadrupole doublets doublets 

2.2. SmoothSmooth growthgrowth of of thethe focusingfocusing lattice  lattice  
(1m to 8.1m)(1m to 8.1m)

3.3. SynchronousSynchronous phase phase --30° & 30° & --25°25°

4.4. Beam matching at each Beam matching at each transitiontransition

Simulations Simulations with GenLinwith GenLin,, TraceWinTraceWin,, PartranPartran, , 
codes codes developed atdeveloped at CEA Saclay by N.CEA Saclay by N.PichoffPichoff & D.& D.UriotUriot

Main goal:Main goal:

ProvideProvide a a goodgood longitudinal longitudinal andand transverse transverse 
beambeam stabilitystability: : σσ00<90°/<90°/latticelattice, , σσ00/L as /L as 
continuouscontinuous as possible, as possible, σσ0T0T≠σ≠σ0L0L
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12 MeV 12 MeV –– 1 1 GeV GeV SC linac SC linac characteristicscharacteristics

113.4113.496.196.165.665.643.243.221.821.8LengthLength (m)(m)

56565151323248482626Number Number of of cavcav..

4.624.623.133.131.651.651.181.180.640.64Gradient Gradient 
(MeV/m)(MeV/m)

8.18.15.655.654.14.12.72.71.0 à 1.91.0 à 1.9L L latticelattice (m)(m)

4433223322CavCav././latticelattice

7.1 à 10.37.1 à 10.33.2 à 6.83.2 à 6.81.4 à 4.21.4 à 4.20.45 à 1.40.45 à 1.40.35 à 0.35 à 
0.600.60

Gain/Gain/cavcav. (MeV). (MeV)

486 486 --
10101010

185 185 -- 48648677 77 -- 18518526 26 -- 777712 12 -- 2626EnergyEnergy (MeV)(MeV)

55--cellscells
 β β==0.850.85

55--cellscells
 β β==0.650.65

55--cellscells
 β β==0.470.47

Spoke 2Spoke 2--
gaps gaps 

 β β==0.350.35

Spoke 2Spoke 2--
gaps gaps 

 β β==0.180.18

TOTALTOTAL

350 350 metresmetres

213 213 cavitiescavities

5.0 M€/y5.0 M€/y110 M€110 M€13.0 MW13.0 MW5 MW5 MW5 mA5 mA

16.5 M€/y16.5 M€/y150 M€150 M€42.5 MW42.5 MW20 MW20 MW20 mA20 mA

ElectElect. . costcostInvestInvest. . cost cost AC powerAC powerBeam Beam powerpowerBeam Beam 
currentcurrent
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Conclusion & Perspectives (1)Conclusion & Perspectives (1)

1.1. TheThe use of use of superconducting superconducting cavitiescavities cancan bebe envisagedenvisaged fromfrom thethe injectorinjector up to up to 
thethe highhigh energyenergy end, end, providingproviding allall thethe advantagesadvantages inherentinherent to to superconductivitysuperconductivity

2.2. A A preliminarypreliminary design of adesign of a 12 MeV 12 MeV –– 11 GeVGeV SCSC linac linac has been has been achievedachieved, , 
showing the feasibilityshowing the feasibility of of such such a solutiona solution

3.3. WorkWork in in progressprogress: design of a 5 MeV : design of a 5 MeV –– 11 GeV GeV SC linac, SC linac, detailed detailed comparative comparative 
study between study between «« warmwarm »» and and «« coldcold »» options in options in the intermediate the intermediate part, etc..part, etc..

4.4. Active Active R&DR&D programsprograms on SC on SC linacslinacs are are goinggoing on, on, especiallyespecially in in the European the European 
contextcontext (5th & 6th PCRD)(5th & 6th PCRD)

R&D SpokeR&D Spoke CavitiesCavities

2002 : Cold test of2002 : Cold test of the firstthe first prototypesprototypes

2005 : Fabrication of a2005 : Fabrication of a completecomplete
cryomodule tocryomodule to be tested with beambe tested with beam
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Conclusion & Perspectives (2)Conclusion & Perspectives (2)

R&D 700 MHzR&D 700 MHz CavitiesCavities

Very goodVery good testtest resultsresults on prototypeson prototypes sincesince 1998 1998 
Collaboration Collaboration 
CEA Saclay CEA Saclay 

INFNINFN MilanoMilano
IPN OrsayIPN Orsay

2002: Test of2002: Test of the firstthe first 55--cells cavitycells cavity inin CryHoLabCryHoLab
((with Hewith He tank +tank + tuningtuning system + IOT 80 kW)system + IOT 80 kW)
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TheThe linaclinac basebase--line optionsline options
for an XADS for an XADS 

•• The injector The injector section section is is an an easy easy 
extrapolation extrapolation from projects presently from projects presently 
under under construction in Europeconstruction in Europe

•• The highThe high--energy energy section uses structures section uses structures 
that that are are within the present within the present mainmain--stream stream 
developments developments of of lowlow--ββ elliptical elliptical SCRF SCRF 
cavitiescavities

•• The intermediate The intermediate section section will will use, a use, a 
priori, priori, independentlyindependently--phased phased SCRF SCRF cavitiescavities
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Facts Facts & & recommendationsrecommendations (1)(1)
from from the EURISOL the EURISOL studystudy

•• The EURISOL baseThe EURISOL base--line driver accelerator, a 1 line driver accelerator, a 1 GeVGeV, 5 MW CW proton , 5 MW CW proton 
facility, with a possible upgrade to 2 facility, with a possible upgrade to 2 GeVGeV, has , has remarkable synergiesremarkable synergies in in 
components and R&D needs with other highcomponents and R&D needs with other high--intensity projects. The intensity projects. The 
proposed solution is thus in the mainstream of today's acceleratproposed solution is thus in the mainstream of today's accelerator or 
development.development.

•• The The demonstration of the injector acceleratordemonstration of the injector accelerator, up to about 10, up to about 10 MeVMeV, , 
relies on existing projects like IPHI or the TRASCO injector. Threlies on existing projects like IPHI or the TRASCO injector. Therefore, erefore, 
it is important that full funding for these R&D projects is ensuit is important that full funding for these R&D projects is ensured.red.

•• Two items have Two items have high R&D priorityhigh R&D priority: (a) construction of complete prototype : (a) construction of complete prototype 
accelerator sections for lowaccelerator sections for low--ββ elliptical SCRF cavities; (b) development of elliptical SCRF cavities; (b) development of 
prototypical spoke, quarterprototypical spoke, quarter--wave and rewave and re--entrant cavities with associated entrant cavities with associated 
auxiliary RF components, to be tested with beam from existing faauxiliary RF components, to be tested with beam from existing facilities.cilities.
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Facts Facts & & recommendationsrecommendations (2)(2)

••The The funding for these identified R&Dfunding for these identified R&D needs for the EURISOL driver needs for the EURISOL driver 
accelerator should be proposed, within the frame of the 6accelerator should be proposed, within the frame of the 6thth PCRD, in a coPCRD, in a co--
ordinatedordinated manner with other projects, where applicable.manner with other projects, where applicable.

••Assuming that it is possible to establish common R&D programmes Assuming that it is possible to establish common R&D programmes with with 
other projects, it should be investigated whether other projects, it should be investigated whether common designscommon designs could could 
be adopted. Important cost saving can be anticipated from this abe adopted. Important cost saving can be anticipated from this action.ction.

••Such a common and Such a common and ““synergisticsynergistic”” R&D programme should also provide the R&D programme should also provide the 
opportunity to investigate whether additional saving can be achiopportunity to investigate whether additional saving can be achieved by eved by 
sharing the driver accelerator. From the technical point of viewsharing the driver accelerator. From the technical point of view, pulsed , pulsed 
driver accelerators provide a priori sufficient beam power for tdriver accelerators provide a priori sufficient beam power for timeime--
sharing the beam between two or even more users. But at present sharing the beam between two or even more users. But at present stage, stage, 
it is it is too early to draw conclusionstoo early to draw conclusions about the opportunities for such an about the opportunities for such an 
approach.approach.

Facts Facts & & recommendationsrecommendations (2)(2)
from from the EURISOL the EURISOL studystudy
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