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Securing the MYRRHA research facility 

an accelerator driven system 

cooled with liquid metal
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Belgian Nuclear Research Centre

Å One of largest research institutes Belgium
Å 700 employees, scientists and engineers from around world

Å Foundation of public utility

Å Renowned world-wide for nuclear expertise

Å Mission: research peaceful applications radioactivity 
Å Protection human and environment ionizing radiation

Å Safety nuclear installations

Å Management radioactive waste

Å Unique infrastructure: 
Å BR2: among most powerful and flexible RR in world; 

20-25% world production of medical radioisotopes 

Å Venus subcritical lead core reactor driven by accelerator

Å Specialized laboratories: nuclear and non-nuclear

Source:
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Nuclear basics: thermal vs fast reactor

Å Nuclear fission : fissile atom hit by neutron 
splits in pieces, releasing energy and neutrons

Å Emitted neutrons are òfastó æ 20000 km/s

Å After colliding with water they 
become òthermal ó æ 2 km/s

Å 5 and 0Õ fission probability higher 
with thermal neutrons

Å Using heavy coolant like liquid metal keeps neutrons òfastó
Å Can fission other heavy nuclei, including high -level nuclear waste

Å Can òbreedó fissile material via neutron absorption, eg: 5 Î 0Õ

Å Higher burnup nuclear fuel: better fuel economy, less waste

Source:
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Nuclear basics: critical vs subcritical reactor

Å keff = neutron multiplication factor 

Å keff < 1: subcritical , chain reaction dies out

Å keff = 1: critical , chain reaction stable

Å keff > 1: supercritical , chain reaction increases

Å Subcritical reactor operates with keff < 1 and adds

neutrons form external source for stable reaction

Å Spallation produces neutrons by hitting heavy nuclei with

high energy protons

Å More precise control reaction

Å Subcriticality: inherent safety

Source:
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Construction of an 

Accelerator -Driven 

System (ADS) 

consisting of

¸ A 600 MeV ð2,5 mA 

to 4,0 mA proton

linear accelerator

¸ A spallation

target/source

¸ A Lead-Bismuth 

Eutectic (LBE) cooled 

reactor able to 

operate in subcritical 

& critical mode

Source: SCKÅCENMYRRHAProject Team

Key technical objective of the MYRRHA-project: 

an Accelerator Driven System

Accelerator

particles protons

beam energy 600 MeV

beam current 2.4 to 4 mA

Reactor

power 65 to 100 MWth

keff 0,95

spectrum fast 

coolant LBE

Target

main reaction spallation

output 2ā1017 n/s

material LBE (coolant)
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Radio-isotopes

Fundamental 

research

Multipurpose

hYbrid

Research

Reactor for

High-tech

Applications

Fission GEN IV Fusion

Source: SCKÅCENMYRRHAProject Team, MYRRHABusiness Plan

SMR LFR

MYRRHA application portfolio

SNF*/ Waste

*SNF= Spent Nuclear Fuel
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Common needs

Reducing cost of

ultimate waste

Burning legacy

of the past

Better use of resources

Enhance Safety

Ê Korea Times

Source: SCKÅCENMYRRHAProject Team

Global challenges for nuclear energy today: 

Closing the fuel cycle is priority number one
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Minor Actinides

high radiotoxicity long lived waste

that are difficult to store due to:

Á Long lived (>1,000 years)

Á Highly radiotoxic

Á Heat emitting

U235

n

Pu Np Am Cm

Actinides Minor Actinides

Neutron

Uranium Fission

Fuel

U238

n

n

n

U235

U238

Plutonium Neptunium Americium Curium

Source: SCKÅCENMYRRHAProject Team

Fission generates High -Level Nuclear Waste



Copyright Ê 2017 SCKÅCEN

12

SCKÅCEN/26590406 ISC: Public

+300,000 year+10,000 year~300 year

Natural 

Uranium  1

no 

reprocessing

spent fuel

reprocessing
transmutation

of spent fuel

Duration Reduction

1.000x

Volume Reduction

100x

SNF1000

*SNF= Spent Nuclear Fuel

Source: European CommissionStrategyPaper on Partitioning & Transmutation (2005), SCKÅCENMYRRHAProject Team

Transmutation is the better solution for 

Spent Nuclear Fuel
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EU P&T Strategy 2005:òTheimplementation of P&T of a large part of the high-level nuclear

wastesin Europe needs the demonstration of its feasibility at an òengineeringólevel . Therespective

R&D activities could be arranged in four òbuildingblocksó:

Source: European CommissionStrategyPaper on Partitioning & Transmutation (2005)

P&T building blocks Description Name & Location

Partitioning

ÁDemonstrate capability to process a sizable amount of spent 

fuel from commercial Light Water Reactors to separate 

plutonium, uranium and minor actinides

Á Atalante (FR)

Fuel production

ÁDemonstrate the capability to fabricate at a semi-industrial 

level the dedicated fuel needed to load in a dedicated 

transmuter

Á JRC-ITU (EU)

Karlsruhe(DE)

Transmutation ÁDesign and construct one or more dedicated transmuters Á MYRRHA (BE)

Fuel unloading

ÁSpecific installation to process fuel unloaded from transmuter

ÁNot necessarily the same as type to process original spent 

fuel unloaded from commercial power plants

The European Commission contributes to the 4 building blocks and fosters the national programmes

towards this strategy for demonstration at engineering level .

1

2

3

4

European Strategy for P&T (2005 )

with objective of possible industrialisation from 2030 -35
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MYRRHAõsphased implementation strategy

70	kW	dump	#1 

Spoke	linac	352.2	MHz	48	cav.,	l=73	m	

80	�v 	100	MeV	17	MeV	5.9	MeV	1.5	MeV	0.03	MeV	

LEBT	
4-rod	RFQ	thermal	mockup	 SC-CH	cavity	

RT-CH	cavity	

LEBT	 RFQ	 RT-CH	sec on	 SC-CH	sec on	
MEBT	

SC-CH	cavity	

single	spoke	
cavity	

spoke	
cryomodule	

power	coupler	

#2	

cold	tuning	system	

5	element	ellip cal	cavity	

ellip cal	cavity	envelope	
with	cold	tuning	

mechanism	 design	of	the	test	cryomodule	for	the	
ellip cal	cavity	 700	MHz	Solid	State	RF	amplifier	

prototyping	

P
h
a

s
e
 1

 ð
1
0
0
 M

e
V

 

Source:SCKÅCENMYRRHAProject Team
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Benefits of 

phased 

approach:

ÅReducing 

technical risk

Å Spreading 

investment 

cost

Å First R&D 

facility 

available in 

Mol end of 

2024


