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MYRRHA: multipurpose irradiation facility 

Waste 

Fission GEN IV 
Fusion 

Fundamental 

research 

Silicon 

doping 

Radioisotopes 

F = 1 to 5.1014 n/cm².s 

(ppm He/dpa ~ 10)  

in medium-large volumes 
Material research 

FFast = 1 to 5.1014 n/cm².s 

(En>1 MeV) in large volumes 

Fuel research 

Φtot = 0.5 to 1.1015 n/cm².s  

Fth = 0.5 to 2.1015 n/cm².s  

(En<0.4 eV)  

Fth = 0.1 to 1.1014 n/cm².s  

(En<0.4 eV)  

High energy LINAC 

600 MeV – 1 GeV 

Long irradiation time 

50 to 100 MWth 

FFast = ~1015 n/cm².s  

(En>0.75 MeV) 

http://myrrha.sckcen.be/en/
MYRRHA/Applications 

http://myrrha.sckcen.be/en/MYRRHA/Applications
http://myrrha.sckcen.be/en/MYRRHA/Applications
http://myrrha.sckcen.be/en/MYRRHA/Applications
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MYRRHA: multipurpose irradiation facility 

Waste 
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Challenge Solution MYRRHA 

contribution 

Fission High radioactive 

level waste 

Transmutation ADS demo 

http://myrrha.sckcen.be/en/MYRRHA/Applications
http://myrrha.sckcen.be/en/MYRRHA/Applications
http://myrrha.sckcen.be/en/MYRRHA/Applications
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Fast neutrons are fundamental for transmutation 

 In order to be transmuted Minor Actinides (MAs) have to be fissioned 

 The ratio between fissions and captures is higher at high energy (fast 

spectrum) 

 Increase of fertile fissions: more neutrons available to transmutation 
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Critical and subcritical configuration 

Fourier’s serie 

Example 1: solution for a 

thermal neutron flux in an 

infinite absorbing slab  

(A. Gandini lectures) 

 The fission reaction chain can be obtained either in critical or subcritical 

configuration: 
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Critical and subcritical configuration 

Fourier’s serie 

K1 = 1 

CRITICAL 

CONFIGURATION 
Example 1: solution for a 

thermal neutron flux in an 

infinite absorbing slab  

(A. Gandini lectures) 

 The fission reaction chain can be obtained either in critical or subcritical 

configuration: 
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Critical and subcritical configuration 

Fourier’s serie 

K1 < 1, S > 0 

SUBCRITICAL 

CONFIGURATION 

Example 1: solution for a 

thermal neutron flux in an 

infinite absorbing slab  

(A. Gandini lectures) 

 The fission reaction chain can be obtained either in critical or subcritical 

configuration: 
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Intrinsic safety of the ADS 

Φ1: thermal neutron flux 

Φ2 : fast neutron flux 

source off reactor  off !! 

Example 2: Spherical reactor, two energetic groups 

of neutrons, static solution  

(A. Ottonello, Master  thesis) 
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 On the contrary a big load of MAs can jeopardize the control of a critical 

reactor because of: 

 

1) Reduced delayed neutron fractions, β (due also to the reduction of 238U) 

and reduced margin to prompt criticality (ρ = β) 

 

 

 

 

 

2) Doppler feedback reduced with increasing amount of MAs 

 

The ADS can transmute big loads of MAs without losing safety and this 

solution is needed for heavily MA loaded core (>10%) 

ADS reactor: rather a necessity than a virtue 

Characteristic period of the reactor 
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Spallation  

Incoming protons at 600 MeV 

Spallation target (HM) 

Spallation + Fission 

15 neutrons / proton 

Spectrum: conventional fast spectrum  

(Max energy at 2 MeV) + a 3% neutrons 

tail towards the impinging protons 

energy  

Neutron source by spallation reaction 
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Reactor design rationale 

Objectives Requirements Choices 

Flexible  

Fast Spectrum 

Irradiation 

facility 

•1.1015 n/cm²s (>0.75 MeV)  

in large volumes 

• small spallation target 
 

• LM cooling 

•availability (65%) 

•flexibility 

• pool-type 

• in-vessel storage 

• FA manipulation beneath core 

• in-vessel inspection & repair 

• IPS manipulation above core 

• Replaceability 

• HLM cooling  

 

• no high temperatures 

required  
• LBE cooling (Tm = 123 °C) 
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Design History of the MYRRHA reactor 

Draft 2 

2005 
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Design History of the MYRRHA reactor 

Draft 2 

2005 
   

XT-ADS 

2009 
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Design History of the MYRRHA reactor 

Draft 2 

2005 
   

XT-ADS 

2009 

FASTEF 

(CDT Result) 
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Design History of the MYRRHA reactor 

Draft 2 

2005 
   

XT-ADS 

2009 

FASTEF 

(CDT Result) 

2012 

Rev. 1.6 

2014 
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 Reactor Cover 
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 Core Support Plate 
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Reactor Design 
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Spallation target window in the reactor core 

 Produces about 1017 neutrons/s at the reactor 

mid-plane to feed subcritical core 

 Fits into a central hole in core  
 Compact target 

 Remove produced heat 

 Accepts megawatt proton beam 
 600 MeV, 3.5 mA  ~2.1 MW heat 

 Cooling of window is feasible 

 Material challenges  
 Preferential working temperature: 450 – 500°C 

 Service life of at least 3 full power months (1 

cycle) is achievable 
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Core and fuel 

IPS 

 151 positions 

 37 multifunctional plugs 

Spallation target 

Fuel 

Assemblies 

Both critical and subcritical configuration: 

• Critical: 100 MWth 

• Subcritical 85 MWth (keff ~ 0.96) 

Beam tube 
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 IPS: Material Irradiation Performances for FR Reactors 

Subcritical 

IPS Total flux, 

n/(cm2s) 

Fast flux   (> 0.75MeV),     

n/(cm2s) 

Radiation damage, 

DPA/FPY 

1 2.64×1015 4.20×1014 22.3 

2 2.72×1015 4.29×1014 23.0 

3 2.75×1015 4.29×1014 23.1 

4 2.72×1015 4.18×1014 22.5 

5 2.70×1015 4.35×1014 22.7 

6 2.68×1015 4.23×1014 22.8 

Critical 

IPS in Chan [0 0 0] IPS in Chan [2 0 0] 

Sample n° dpa/EFPY Φtot (n/cm2s) dpa/EFPY Φtot (n/cm2s) 

8 18.1 2.38E+15 16.2 2.12E+15 

7 23.0 2.85E+15 20.7 2.54E+15 

6 25.9 3.19E+15 23.3 2.85E+15 

5 27.5 3.37E+15 24.5 3.02E+15 

4 27.2 3.39E+15 24.5 3.03E+15 

3 25.7 3.23E+15 22.9 2.89E+15 

2 22.3 2.92E+15 19.9 2.62E+15 

1 17.3 2.50E+15 15.5 2.23E+15 

IPS 

FAs 

IPS 

Beam 

tube  
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MYRRHA-IFMIF for fusion materials 

 In sub-critical ADS-mode: 

     high appmHe/dpa ratio,  

   close to the target window  

 Volume of 1 lt  with 

appmHe/dpa (Fe) ~ 12 , 

close to the spallation target 

 Useful volume 

30 lt with range from 5 to 20 

appmHe/dpa 

 (Pre-)selection of materials for 

fusion application 

Estimated damage induced in DEMO and proposed  

irradiation conditions in IFMIF and MYRRHA-IFMIF 
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Irradiation at low energy neutron flux: Silicon Doping 

 Production:  n (thermal) + Si --> P doped silicon (N-type)  

 Silicon ingots are:  

Huge: 8” in diameter 

High: 200/250 mm  

Massive: 10 to 35 Kg per ingot 

 Raw material: Si (monocrystalline) 
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Radioisotope (Mo-99) production capability 
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