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Reactor 
Subcritical or Critical modes 

65 to 100 MWth 

Accelerator 
600 MeV 

4 mA proton CW 

Fast 
Neutron 
Source 

Spallation Source 

Lead-Bismuth 
coolant 

Multipurpose 
Flexible 

Irradiation 
Facility 

MYRRHA 
Accelerator Driven System 

Innovative & Unique 
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ISOL@MYRRHA 
fundamental research 

Pure and intense RIBs  

of ~50-60 keV 

Low-resolution 
mass separator 

RFQ cooler and 
buncher 

High-resolution mass 
separator 

Beam 
splitter  

Ruggedized target:  
e.g. Ta, UC/C 

Sustainable 1+ ion 
source: 

ISOL@MYRRHA 

protons: 2-4 mA, CW, 600 MeV 

~ 100-200 µA, 

 ~DC 

MYRRHA 
5 cell Elliptical 
704 MHz 

2 gap Spoke 
352 MHz 

100 
MeV 

200 
MeV 

17 MeV 600 
MeV 
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MYRRHA Genesis & History 

Post BR2 

1994 

ADONIS 

1994-96 

Transmutation Non Energy 
Applications 

1995 1994 RI 
1995 H2 

MYRRHA Project (1998-2004) 
Gen.IV LFR 

2002 GIF 
XT-ADS in EUROTRANS  

from 2005 

current MYRRHA Project (2010) 
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Decision of Belgian Government 
05.03.2010 

l  Strongly supporting the project 
l  Special endowment of 60 MEUR for 2010-2014 
l  Milestones to reach in 2014 for continuation of the project 

1)  Completion of the engineering design 
2)  Obtaining licencing permit 
3)  International consortium formed (additional 40% financing) 

l  Govt follow-up committee: MYRRHA Ad Hoc Group 
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European context: 
At the crossroads of ESFRI and SET Plan 

Energy 
Independence 

Knowledge 
Economy ESFRI 

European 
Strategic 
Forum for 
Research 
Infrastructure 

SET Plan 
European 
Strategic 
Energy 
Plan 

The only 
ESFRI project  
for Belgium 

27.11.2010 
Confirmed on ESFRI 
priority list projects 

15.11.2010 
 in ESNII 

(SNETP goals) 

MYRRHA key 
milestones achieved 

in 2010 
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ALLEGRO 
Experimental reactor 

(GFR) 

ASTRID 
Prototype 

(SFR) 

2008 2012 2020 

SFR 

Supporting infrastructures, research facilities 

MYRRHA 
ETPP European 

demonstration reactor 
(LFR) 

Reference 
technology 

Alternative technology 

LFR 

GFR 

SNETP Gen. IV Systems 
European Sustainable Nuclear Industrial Initiative  

MYRRHA 
Fast spectrum 

irradiation facility 



 
SCK�CEN Context 

MYRRHA replaces BR2 

Material 
Testing Reactor 

(fission) 

Fuel testing 
for LWR & 

GEN II/GEN III 

Irradiation 
Services: 

-  Medical RI 
-  Silicium Doping 
-  Others 

Fast Neutron 
Material 

Testing Reactor 
(fission + fusion) 

ADS-Demo 
+ 

P&T Testing 
(Partitioning & 
Transmutation) 

Irradiation 
Services: 

-  Medical RI 
-  Silicium Doping 
-  Others 

Fuel testing for 
LFT GEN IV 

LFR European Technology Pilot Plant (ETPP) 

1962 
 

BR2 

2023 
 

MYRRHA 
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MYRRHA’s contribution 

Challenge Solution MYRRHA 
contribution 

Fission High radiotoxic  
level waste 

Transmutation ADS demo 

Fission 
GEN IV 

Demonstrate 
concept 

Build  
demonstrators 

LFR technology demo 
Fast  spectrum 

irradiation facility 

Fusion Extreme operating 
conditions 

Material  testing 
& development 

Fast spectrum 
irradiation facility 

Fundamental 
research 

Pushing the limits  
of knowledge 

Access to 
proton beam 

Long term experiments with 
radioactive ion beams (RIB) 

Renewable 
energies 

Efficient power 
electronics 

High efficiency 
transistors 
(NTD-Si) 

Securing 
NTD-Silicon production 

Healthcare Ageing  
population 

A long term source  
of medical 

radioisotopes 

Securing 
radioisotopes production  
(existing and new ones) 

  Multipurpose 
hYbrid 
  Research 
  Reactor for 
  High-tech 
  Applications 
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spent fuel 
reprocessing 

no 
reprocessing 

Uranium 
naturel  

Time (years) 

R
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transmutation 
of spent fuel 

Duration Reduction 
1.000x 

Volume Reduction 
100x 

Motivation for transmutation 
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Program Timeline 

2010-2014 
- R&D 

- Front End 
Engineering 

Design  

2019 
On site 

    assembly 

2016-2018 
Construction of 
components & 

civil engineering 

2015 
  Tendering & 

   Procurement 

  2020-2022 
      Commissioning 

 

2023 
Progressive 

start-up 

2024- 
Full 

    exploitation 

FEED 
(Front End  

Engineering 
Design) 

Minimise 
technological 

risks 

Secure 
the licensing 

Secure a 
sound  

management 
and 

investment 
structure 

PDP 
preliminary  
dismantling 

plan 

PSAR 
preliminary  

safety  
assesment 

EIAR 
environmental 

impact  
assesment 

Central 
Project 
Team 

Owner 
Engineering 

Team 

Owner 
Consortium 

Group 
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Program Budget 

Belgium 60 M€ 
(12 M€/y x 5 y) 

2nd phase (11 y) 
 others 576 M€ 

Belgium 324 M€ 
(36 M€/y x 9 y) 

Consortium 



International Members 
Consortium 

BE 

EU countries 

Asian country 

EU 

ROW 

SCK•CEN 
 

(on behalf of 
Belgian 
Federal 

Government) 

EU country 
Public 

foundation 

Asian country 

EU participation 

ROW participation 

Belgian Federal Ministry 
of Energy 

(50%) 

Belgian Federal Ministry 
of Science Policy (50%) 

40 % 

Major European partners 
 

A major Asian partner 

EU FP7 (RTD) / SET-Plan (Energy) 

ROW 

(*) European Research 
Infrastructure Consortium 

«ERIC» (*) Contribution to 
investment 

capital  
(960 M€’09) 

 

Participation vehicle 
(Consortium members) 

Primary 
«investors» IPR  

management 
rules tbd 
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First ADS – GUINEVERE 



MLA Specifications 

fundamental characteristics (ADS) 
beam energy 600 MeV 
beam current 4 mA 
mode CW 
MTBF > 250 h 

implementation and design guidelines 
SC Linac 

frequency 176.1 / 352.2 / 704.4 MHz 
reliability = redundancy dual injector 

fault tolerance 

failure = beam trip > 3 s 



17	  

Layout of the MYRRHA linac 

J-‐Luc	  Biarro.e,	  EuCARD	  3rd	  annual	  mee;ng,	  Warsaw,	  April	  26th,	  2012	  
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R&D Program 

18 

today 

RFQ@UCL 
Phase 1 

Cryomodule prototypes  

end 2014 

INJ@UCL 
Phase 2 
RT-CH 

 
RAFI 
FP8 

•  engineering 
•  construction 
•  test 

end 2016 

end 2018 

SC-CH spoke 

INJ@UCL 
Phase 3 
SC-CH 

elliptic 
Prod 

Prod 

elliptic 

MAX 
FP7 

Prod 



R&D Program 

FP7 - MAX 
3 years coordinated by IPNO 

Goal coherent concept of the 
Myrrha accelerator 

Technical WP’s 1.  Global coherence 
2.  Injector 
3.  Main linac 
4.  System optimisation 

Outstanding topics: 
•  simulations (beam and reliability) 
•  injector 
•  design of spoke cryomodule 
•  tests with legacy elliptical 

cryomodule 
•  perspectives for 704 MHz SS ampl. 

Principal partners: 
•  IN2P3 - IPN Orsay 
•  IAP Frankfurt 
•  INFN Milano 
•  CEA 
•  SCK•CEN 

19 



R&D Program 

RFQ@UCL 
 Up to 2014 and beyond led by SCK•CEN 

Goals •  address 4-rod RFQ  
•  tool for relevant reliability 

oriented experiments 
•  experience – education 

Outstanding topics: 
•  source, LEBT, RFQ 
•  RF amplifier 
•  diagnostics 
•  relevant control system 
•  possible extension (CH) 

Principal present partners: 
•  IAP Frankfurt 
•  IN2P3 
•  UCL/CRC 
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Injector@UCL 

Phase 1 at 
UCL/CRC 

Phase 2 at 
UCL/CRC 

Phase 3 at UCL/
CRC 

To be decided 
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RFQ@UCL 

22 



Present Status 
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item actor concept design engineering construction installation acceptance 

bunker SCK�CEN ✓
 - - III-12 - 

elec SCK�CEN ✓
 ✓
 III-12 IV-12 I-13 

cooling SCK�CEN ✓
 ✓
 III-12 IV-12 - 

ECR Pantechnik ✓
 ✓
 II-12 IV-12 I-13 I-13 

ε-meter Pantechnik ✓
 ✓
 III-12 IV-12 - 

LEBT + diag LPSC, IPN, 
SCK�CEN ✓ 
 III-12 III-13 IV-13 I-14 

chopper LPSC, IPN, 
SCK�CEN ✓
 III-13 IV-13 II-14 III-14 

RFQ IAP à NTG ✓
 ✓
 II-13 I-14 III-14 IV-14 

diag after RFQ LPSC?, LPC?, 
IPN, SCK ✓
 IV-13 III-14 IV-14 

dump 35 kW SCK�CEN ✓
 III-13 IV-13 II-14 III-14 

RF tbd ✓
 (✓)
 III-12 I-13 II-13 

LLRF tbd ✓
 (✓)
 III-12 I-13 II-13 

controls tbd ✓
 III-12 continuous à IV-14 



R&D program 

Cryomodules 
Up to 2014 and beyond coordinated by SCK•CEN 

executed by “principal architects” 
Goals 3 prototype cryomodules 

•  engineering design 
•  construction 
•  tests 
•  feedback to design 

Outstanding topics: 
•  innovation 
•  reduction of He 

consumption 
•  industry mindedness 

Principal potential partners: 
•  IPNO 
•  JLab 
•  AMOS 
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Vision 
Where are we going?  

 
Vision 2014 

 

RFQ@UCL delivering “some” 1.5MeV protons 
 

 
 

Vision 2023 
 

MLA@SCK�CEN delivering reliably 600MeV protons to  
MYRRHA facility 

25 



Mission 
Why are we here? 

Mission 2014 
 

Build Accelerator Know-How for SCK�CEN 
Resolve technological issues 

Create a platform for improvement and education 
Convince that we can do it     

 
Mission 2023 

 

ACCELERATOR Driven System 
Build a highly skilled Operations, Maintenance and Training 

Accelerator Team to ensure reliable beam delivery and 
continuous improvement 

 26 
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Accelerator Group 
2011 - 2014 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2011 2012 2013 2014 

Cryogenics Engineer 

Technician 2 

Technician 1 

Control System 
Engineer 
RF Engineer 

System Engineer 

Accelerator Physicist 

Program Manager 

Head of ADT 



Signed Collaboration agreement 
CNRS – IN2P3 
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Institute Foreseen projects Estimated Period 

IPN Orsay Spoke cryomodules  
(engin., manufac. and tests) 

2012 – 2016 
 

Subatech Nantes Full power beam-dump 
(design) 

2012 – 2013 

LPSC Grenoble LEBT  
(engin., manufac. and tests) 

2012 – 2014 

IPHC Strasbourg High power Emittancemeter 
(engin., manufac. and tests) 

2013 – 2014 



Collaboration agreements 
in preparation 

•  CERN 
Ø  Various accelerator topics and RIB targets 
 

•  Ganil / SPIRAL2 
Ø  Accelerator development and building needs 

•  JLAB 
Ø  Several interesting subjects around SCRF 
Ø  Outstanding topic: High Q cavities 
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Collaborations to envisage… 

•  ESS 
Ø  Cryomodule co-developments 
Ø  Control system 

•  SNS 
Ø  Machine operation and optimization (reliability) 
Ø  Auto retune 

•  PSI 
Ø  Machine protection 
Ø  HP beam-dump 
Ø  Beam Window 
Ø  HP CW beam handling 

30 



Belgian Industries  
Collaborations in discussion 

•  AMOS 
Ø  Cryomodule design, engineering and manufacturing 

 
•  IBA 

Ø  General accelerator engineering 
Ø  RFQ@UCL 

31 
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MYRRHA @SCK•CEN, Mol  

BR2 
reactor 

(existing) 

MYRRHA 
reactor 
building 

MYRRHA 
accelerator 

(LINAC) 
high 

energy 
tunnel 

Building 
for proton 
source for 
MYRRHA  

accelerator 
(low 

energy) 

Utilities 
buildings 



MYRRHA 
Look into the future… 

33 



SLHiPP-2 
MYRRHA Accelerator talks 

•  Spoke Cryomodule conceptual design for ESS and 
MYRRHA, Hervé Saugnac 

•  Cryogenic installation for MYRRHA, Nicolas 
Chevalier 

•  Reliability oriented activities around the 700MHz 
horizontal cryomodule, Frédéric Bouly 

•  MYRRHA injector design and related R&D, Holger 
Podlech 

•  Design of the MYRRHA superconducting linac and 
beam delivery, Jean-Luc Biarrotte 

 34 
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§  Time horizon: full operation ~ 2023  
§  Costs: ~ EUR 960 million 

MYRRHA: EXPERIMENTAL ACCELERATOR DRIVEN SYSTEM 
     

A pan-European, innovative and unique facility 
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Copyright notice  

Copyright © 2012 - SCKCEN 
 
All property rights and copyright are reserved.  
Any communication or reproduction of this document, and any 
communication or use of its content without explicit authorization is 
prohibited. 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. 
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Stichting van Openbaar Nut  
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Foundation of Public Utility 
 
Registered Office: Avenue Herrmann-Debrouxlaan 40 – BE-1160 BRUSSEL 
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