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Outline

• Design of ADSs over the last 10 years
– MYRRHA – SCK/CEN´s project
– EU´s 5th Framework Programme (2001-2004)

• XADS - 3 concepts
– EU´s 6th Framework Programme EURATOM (2005-2009)

• XT-ADS – irradiation facility and
ADS technology demonstrator

• EFIT – transmutation in ADS at the industrial scale
– Several international & national R&D projects in support of ADS 

• Neutronics Issues (core design)

• Shielding Issues (accelerator and core)
– Radiation Protection of workers and members of the public
– Radiation damage of structural components

PDS-XADS
5th FWP



What is an ADS ?

• ADS - Accelerator Driven System

• Hybrid system consisting of:
• A proton beam (Ep ranges from 350 to 800 MeV) 
of high-intensity (several mA beam current)

• A high-density target (lead, lead-bismuth, …)
• A sub-critical core (keff=0.95-0.97),
• Neutrons are generated by spallation reactions induced 
by the proton beam in the high-density target  ⇒
external neutron source “drives” the core
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ADS ⇔ Multidisciplinarity

Cutting edge, multidisciplinary scientific, technological and engineering issues



XADS (EU 5th FP)
The reactor building



XADS (EU 5th FP) 
The sub-critical core

80 MW, Pb-Bi cooled 80 MW, Helium cooled



XADS (EU 5th FP) 
The target

Monte Carlo simulation
Energy deposition in the target

kW / cm3 / mA

Ep = 600 MeV,   IP = 6 mA,      Target: liquid mixture Pb-Bi
Pnúcleo = 80 MW,     Helium cooled



Neutronics Issues

(core design)



Physics of Transmutation
Fast neutron spectrum
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Feasibility of the transmutation
Neutron economy/balance

• DJ – neutron consumption/fission of isotope J

Number of neutrons needed to transform 

the nucleus into fission products

• εJ – fraction of transuranium J present in the fuel, e.g.

• G - neutron economy balance parameter

J JD > 0 - net "consumption"         D < 0 - net "production"
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If G > 0, the transmutation is feasible in the ADS system considered 

 ⇐ Salvatores et. al. (1994)



Importance function ( ϕ∗)
Source multiplication factor (ksrc)

• Spallation-generated versus fission-produced neutrons in the core

• Interplay between the different parameters of the system: 
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Pcore – the core power
keff – the effective multiplication factor

Ef - the mean energy released per fission in the fuel
ν - the mean number of fission produced neutrons

Z – the average number of neutrons produced per incident proton



XADS (EU 5th FP)
Core and fuel assemblies

Helium cooled Pb-Bi (LBE) cooled
180 cm330 cm

keff=0.97

Pcore= 80 MWth

Target



MYRRHA and XT-ADS 
Core design and system parameters



XT-ADS and EFIT (EU 6th FP)
Parameters



Shielding of the Accelerator and Core

For Radiation Protection purposes



Shielding of proton accelerators

Moyer model – Dose equivalent behind a shield
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Shielding of the proton accelerator
XADS

P. Berkvens et. al.

EP=600 MeV, normal beam loss rate = 1 nA m-1

Shielding: 60 cm concrete tunnel + earth

Residual dose 0.5  µSv h-1

Realistic earth profile

 ⇐ (beam loss rate: 100 nA m-1) !



Shielding of MYRRHA
Radial Dose assessment

Top shielding



Shielding of the structural components
(core vessel and support plate…)

To reduce the fast neutron induced radiation damage



Radiation damage (dpa) calculations
(XT-ADS)

• Constrains: 
– Keff = 0.95
– φfast ~ 2-3 x 1015 n cm-2 s-1

– Pcore = 57 MWth

– Ep = 600 MeV 
– IP = 2.33 mA
– Highly enriched MOX fuel (up to 35% Pu enrichment)

• Objective
– dpa (core vessel and grid plate): 0.1 dpa/year up to an 
cumulative value of 2 dpa !

• Solution (?): shield vessel with
– B4C assemblies
– Steel+LBE filled assemblies
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Computational results 
(XT-ADS, core barrel)

Preliminary results



XT-ADS 
Core Design (Option B) 

Core Design (Option B)

99 “fuel positions”

45 “outer” assemblies: B4C

39 assemblies filled with LBE

Goal: (core vessel)

Dpa/year ~ 0.1



Summary and Outlook

• ADS are a promising solution to perform the transmutation of long-lived
and highly radiotoxic nuclear waste

• They can contribute to a reduction of the burden (volume and heat load) on
the deep geological repositories, therefore contributing to the solution of
the problem of the sustainability of nuclear energy

• Different ADS concepts have been studied and designed in recent years in
the context of the EU 5th & 6th Framework Programmes

• Neutronics and shielding issues have been carefully investigated, radiation
damage of structural materials emerging as one of the key issues to which
particular attention has to be devoted

• No show-stoppers have been identified in the different design studies ⇒
time to start the construction and deployment of a prototype (XT-ADS) ?



The end

Thank you for your attention!



Transmutation rate
Minor Actinides
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PDS-XADS Concepts
5th FP



XADS (EU 5th FP)
The target

Monte Carlo simulation
Neutron (n) flux on target
n / cm2 / incident neutron

Monte Carlo simulation
Proton (p) flux on target
p / cm2 / incident proton

Power incident on target:Paccelerator= Ep IP = 600 MeV x 6 mA = 3.6 MW
Power deposited in the target (MC)  ≡ 2.323 MW (p) + 0.049 MW (n)



Computational results 
(XT-ADS, core mid-plane and vessel)

Preliminary results


