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MINERVA

• Belgium nuclear research center established 1952
• 850+ staff members
• Currently operating 2 nuclear reactors for research and e.g. production of radio pharmaceuticals
• 25% directly funded by the Belgium state and 70% from contract work
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600 MEV, 4MA, CW, PROTON LINAC

The MYRRHA project

Accelerator Driven System at pre-industrial scale
Transmutation demonstration
Flexible irradiation facility

SUBCRITICAL REACTOR (≈70MWTH)
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Reliability requirements

Beam trips 
 imposing severe thermal stress on the reactor materials/components limiting its 

lifetime.
 lead to a time-consuming restart of the reactor limiting its availability.

 Beam trips must be resolved within 3 seconds to be transparent to the 
reactor
 Max 10 beam trips > 3s within 90 day operational run
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The stages of the MYRRHA project

600 MeV

PHASE 1
100 MeV

PHASE 2

PHASE 3

 100 MeV, 4mA CW, super-conducting proton linac available in Mol at the end of 2027

 ‘Application Centers’: 
 ISOL system (PTF): 100 MeV, 0.2 to 0.5 mA of beam
 Full power Facility (FPF): Fusion material research, 400 kW

 Spreading the investment costs
 Phase 1 fully funded (since 2018)
 Funds for R&D for phase 2 & 3 available
 Implementation of phase 2 & 3 subject to international funding

REACTOR
SUB-CRITICAL
LEAD-BISMUTH COOLED

MINERVA facility

PTF &
FPF
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ACCELERATOR
a 100 MeV, superconducting proton linac
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Linac layout
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(2)

(1)

(1) 17MeV normal conducting Injector (CH-cavities, 176.1 MHz)
(2) Injector beam dump
(3) 30 cryomodules with 2 single spoke each, 352.2 MHz
(4) 100 MeV distribution lines

1.5 MeV
β=0.056

16.6 MeV
β=0.186 100 MeV

β=0.4282

(3)

(4)

Future 
extension 
to 
600MeV
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Fast target switching
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Fast switching between the target facilities: Two targets can be served within 4ms cycle
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Injector Test Stand
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Example: CRYOMODULE prototype

Series production: 30 cryomodules hosting 60 SC cavities, first series cavity expected this October

In collaboration with/at IJCLab
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Fault tolerance
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• Minimal beam trips of highest 
importance

• Parallel redundancy of injector
• Serial redundancy in SC-linac
• Failure detection, reconfiguration and 

full beam power ramp up within 3 
seconds

• For RF-trips: Local and global 
compensation schemes being studied
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Proton Target Facility (PTF)
a 100 MeV proton driver high power ISOL facility
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The ISOL facility 

 Production, extraction and mass separation of radio-isotopes 
= Isotope Separation On-Line (ISOL)

 100 MeV proton, 0.2 up to 0.5 mA average currents on 
production targets

 High-power ISOL facility, compared to existing ISOL facilities

production 
target assembly

production target + 
radio-isotope transfer line

60 keV beam of
radioisotopes

100 MeV protons
Production rates in 

ThC target

Based on the design of / thanks to the 
collaboration with the TRIUMF



SCK CEN/50747476
ISC: Restricted

14

The ISOL facility layout
 Collection of medical isotopes in 

dedicated collector station

 3 fundamental physics stations

 High resolution mass separator

 Selective laser ionization of 
radioisotopes

~15 m

Based on the design of / thanks to the 
collaboration with the TRIUMF
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Full Power Facility (FPF)
Fusion material research station

- also acting as full power beam dump for reliability studies
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FPF (Full Power Facility)

Dual purpose:
• Full power beam dump 400 kW nominal 4 mA 100 MeV 

(2027) for reliability studies
• Fusion material Research (2027+)

16
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Neutron irradiation Proton irradiation
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Fusion applications 100 MeV protons

100 MeV
Proton

Proton 
degrader

28 MeV
Proton 

Sample 
(limited depth 
about 2 mm)

100 MeV
Proton

Neutron 
converter

Spallation
Neutrons sample

About 11 appmHe/DPA , 0,4 DPA / 200 days @ 100 mA/m² 
useful volume for experiments about 10 L

5 DPA / 200 days @ 100 mA/m²  400cm²
(some cases even 50 DPA / 200 days (40 cm²)) 
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Please find more details in:

18



SCK CEN/50747476
ISC: Restricted

FPF implementation 
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CANDUCANDU

4 mA 100 MeV
Proton beam

Hot cell

Shielding 
(≈ 1 m iron + 3-4 m concrete)

Irradiation
volume

>400 cm² x  
≈30 cm

Cooling 
water   

10 kg/s

Beam dump rig or 
experiment

Hydraulic transfer channel
Ø ≈ 500 mm
height ≈ 9 m

Window 

Spread proton beam to 
area of about 400 cm²                          

(4 mA 100 mA/m²)

Rastering
magnets
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FPF design / integration

2020
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Principle of irradiation rigs
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Low temperature experiment (sample in direct contact 
with primary water)  irradiation temp about 120°C

High temperature experiment (in helium filled 
capsule (Al, stainless steel) thermal gradient over the 
helium)

High temperature controlled experiment( 
variable pressure capsule in water) boiling 
regime temperature control. 

Neutron irradiation volume for various experiments  
(temperature control by use of heaters)

Proton 

Neutron
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• Beam window
 Inconel prototype manufactured and measured
 Ready for cold tests

• Irradiation rig clamp
 1st prototype proves concept
 Refining design
 Looking for alternatives on the market 

22

FPF prototyping activities
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towards MYRRHA … MINERVA
23
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Copyright © SCK CEN

All property rights and copyright are reserved.

This presentation contains data, information and formats for dedicated use only and may not be communicated, copied, reproduced, distributed or 
cited without the explicit written permission of SCK CEN.

If this explicit written permission has been obtained, please reference the author, followed by ‘by courtesy of SCK CEN’.

Any infringement to this rule is illegal and entitles to claim damages from the infringer, without prejudice to any other right in case of granting a 
patent or registration in the field of intellectual property.

SCK CEN
Belgian Nuclear Research Centre

Studiecentrum voor Kernenergie
Centre d'Etude de l'Energie Nucléaire

Foundation of Public Utility
Stichting van Openbaar Nut 
Fondation d'Utilité Publique

Registered Office:
Avenue Herrmann-Debrouxlaan 40 - 1160 BRUSSELS - Belgium

Research Centres:
Boeretang 200 - 2400 MOL - Belgium

Chemin du Cyclotron 6 - 1348 Ottignies-Louvain-la-Neuve - Belgium
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