


Belgian Government decision of 7 September 2018

Non-Profit
Organization

A
Decision to build Belgium allocates € 558 m for Establishment of Government
MYRRHA as large 2019-2038 international support for
new research - € 287 m for 2019-2026: construction of non-profit establishing
infrastructure in MINERVA (linac 100 MeV + PTF & FTS) organisation MYRRHA
Mol, Belgium « € 115 m for 2019-2026: design, R&D and partnerships
licensing for Phases 2 (extended linac 600 MYRRHA
MeV) & 3 (reactor) AISBL/IVZW Belgium appoints
- € 156 m for 2027-2038: MINERVA cabinet m'(;"-“ters to
operations (linac 100 MeV) prompte an 'negotlate
international
partnerships
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MYRRHA = Accelerator Driven System (ADS)

Construction of
Accelerator-Driven
System (ADS)
consisting of

® A600MeV-25mAto
4,0 mA proton linear
accelerator

® Aspallation
target/source

® A Lead-Bismuth Eutectic
(LBE) cooled reactor
able to operate in
subcritical & critical
mode

Source: SCK CEN MYRRHA Project Team

particles protons main reaction  spallation
beam energy 600 MeV output 2:10" n/s
beam current 2.4 to 4 mA material LBE (coolant)
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power 65 to 100 MWy,
Ko 0.95
spectrum  fast
coolant LBE
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MYRRHA application portfolio

Fission GEN IV

Multipurpose
hYbrid

Research
Reactor for
High-tech
Applications

Fundamental
research

Spent
Nuclear Fuel

Small Modular
Reactor

Radio-isotopes

' ; SCK CEN/41812214 4
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Transmutation: Spent Nuclear Fuel solution E

A Nuclear Fuel Nuclear Fuel Nuclear Fuel

Transmutation Reprocessing No reprocessing

Spent 1,000
Nuclear Fuel

+10,000 year +300,000 year

~300 year
Natural 1 Y

Uranium

®

Duration : 1,000 M Volume : 100

Source: European Commission Strategy Paper on Partitioning & Transmutation (2005), SCK CEN/41812214 5

SCK CEN MYRRHA Project Team e o Copyright © 2021 SCK CEN



MYRRHA's phased implementation strategy

Phased approach
benefits:

* Reduced
technical risk

« Spreading
investment cost

* First R&D facility

available in Mol
end of 2026

Source: SCK CEN MYRRHA Project Team
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Phase 2 - 600 MeV
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80.8 MeV 704.4 MHz ELLIPTICAL LINAC $=0.510  184.4 Mev 704.4 MHz ELLIPTICAL LINAC 3=0.705 600 MeV o Beam dump
: casemate
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Phase 3 - Reactor

700MHzBolidBtate®R
prototyping

SCK CEN/41812214
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Applications

Description

MYRRHA phase 1

MYRRHA phase 2
2026

2032

MYRRHA phase 3
2036

R D o

Spent fuel transmutation

>> Reduce radio-toxicity:

e in volume (factor 100)

 in duration (factor 1,000 from
300,000 years to 300 years)

X X

v

Innovative radioisotopes

Produce new diagnostic and
therapeutic medical isotopes for
research and clinical use

THE SCIENCE
SOUTH DRIVEN
J BIOPARK
BIOPARK

AT THE HEART
OF EUROPE

Fundamental research

A landmark project on the ESFRI high
priority list contributing a.o. to
fundamental research in nuclear
physics science and nuclear medicine

o

AN

| Fusion energy

Conducting advanced materials
research, qualification and testing for
fusion energy

v v
V4 v
v v

v
v
v
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MYRRHA PHASE 1 (MINERVA) IMPLEMENTATION IN 2026

MINERVA = LINAC 100 MEV + PROTON TARGET FACILITY
OBJECTIVES = ACCELERATOR RELIABILITY + RADIOISOTOPES + ISOL PHYSICS + FUSION MATERIAL R&D
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MYRRHA masterplan
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Accelerator at LLN: Injector Test Stand

Status
Proton source and low-energy transfer line tested (spring 2019)
RFQ conditioned (summer 2019) "‘
RFQ has reached 1.5 MeV in June 2020
Staged increase to 5.9 MeV until 2022

* Impacted by COVID-19 crisis
UCL closed for 3 months
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CRYOMODULE prototype - not just a drawing, but becoming reality

Instrumentation
Insulation Vacuum Protection Feed Through
Burst Disk
Cryomodule Aignment Target
LHe Buffer

Thermal Shield

. Cavity Siiding
Posts

_ Coupler
Compensating system

/ Cavity Train
Support Table

11
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MYRRHA REACTOR: IMPLEMENTATION IN 2036

OBJECTIVES = TRANSMUTATION + RADIOISOTOPES + FUSION MATERIAL R&D + TECHNOLOGY PLATFORM
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Objective of the Revision 1.8 design :

Address the technical issues identified in Rev. 1.6
Reduce the size and cost (transport limitations)
Po-H,0 interaction (increased Po-volatility)
Corrosion in LBE at high temperatures
Reactor cavity leak tightness and integrity

Satisfy the application catalogue and top-level technical
requirements



fuel assembly (78)

Subcritical (BOC) core layout

15-15 Ti wrapper

LBE
control rods (3)

*  LBE dummy channels (30) MOX fuel pin (127)

« beam tube + spallation target 30wt.% Pu-
enrichment
B,C pins (19)
LBE
Stainless steel jacket
T91 guide tube
MgO reflector (42) et Thermal IPS (3) Kett 0.92891
/ \ MgO reflector (42) Core 60
‘ 15-15Ti wrapper ower
LBE Fast IPS (6) ?MW)
/ Spallation target (1)
MgO Fuel assembly (78) Beam 3.63
current
N Control rod (3) (mA)

LBE channel (30)
thermal islands (3)

experiments (6)

water Spallation 15-15Ti wrapper

thermocouple (12)

target tantalum
UAI, plates SS-316L sample (type 2)
assembly SS-316L tensile PP
cadmium (1) - view ) ;Z?fr:fs SS-316L sample (type 1)
of irr. helium
+——— helium LBE
targets Al-matrix

T91 guide tube
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Critical (BOC) core layout

B,C pins (19)

T91 guide tube

LBE j
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thermal islands (6)

UAI, plates .
P experiments (1)

cadmium

+————— helium

SCK CEN/41812214
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fuel assembly (105)

Stainless steel jacket

MgO reflector (42)

SR (3)

Fuel assembly (105)
Fast IPS (1)
Thermal IPS (6)

Control rod (6)

15-15 Ti wrapper

LBE

MOX fuel pin (127)

Kets 1.00009
Core 63 (64 at
power EOCQC)
(MW)

thermocouple (12)
SS-316L sample (type 2)

SS-316L sample (type 1)

helium

Al-matrix
T91 guide tube

15
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Max. Core Power MW,
Design power MWi,
Vessel diameter m
Vessel height m
Total reactor height m
Longest component length m
(Pump)

LBE inventory m3
Total mass ton

12000 ton reduction in LBE coolant equates to 30 million EURO less investment cost

for the LBE coolant compared to Rev. 1.6
21300 ton reduction in steel mass

100
110

10.2
15.9
20.2

725

10000

64
70
8.3
11.9
16.3
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MYRRHA contributes to EU strategic objectives

Knowledge
Economy

Energy
Independence

ESFRI
coraee SET Plan
?Zr::;g;; Europea.n
Research StlI'Eanteglc
Infrastructure  _ROADMAP 2018 ergy
STR TEE¥ Technolog;ae;
P

ON RESEARCH
INFRASTRUCTURES

MYRRHA selected by European Investment Bank (EIB) as potential project for EIB financing
procedure underway

MYRRHA is on European Fund for Strategic Investments (EFSI - “Juncker Plan”)
candidate project list for financing

Source: European Strategy Forum on Research Infrastructures (ESFRI), European Strategic Energy Plan (SET), EIB InnovFi SCK CEN/41812214 17
SCK CEN MYRRHA Project Team ISe Restricted Copyright © 2021 SCK CEN



MYRRHA contributes to Belgian strategic objectives

Knowledge Energy
Economy Independence

¥ o

(2021-2030)

(Visie-Vision 2030)

Nationaal Pact Pacte National Geintegreerd Plan National
voor pour les Nationaal intégré
Strategische Investissements Energie- en Energie
Investeringen Stratégiques Klimaatplan Climat

SCK CEN/41812214 18
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International R&D network - 1

Universities

ﬂlouwin

UNIVERSITAT

FRANKFURT AM MAIN

RUHR
UNIVERSITAT
BOCHUM

UNIVERSIDAD

I
:[DJLE)I\I/I\FLLE:C%R Universitapi Pisa. UNIVERSITET

VRIJE
UNIVERSITEIT
BRUSSEL

RUB [l

——

INIVERSITEIT
GENT

UNIVERSITE
ULB Jis:
DE BRUXELLES

TECHNISCHE
UNIVERSITAT
DARMSTADT

AGH

IST-ID -

Associcgdo do Instituto Superior Téenico
para a Invesfigagso e Desenvolvimento

ne2e

UPPSALA

o

UNIVEISITE

L

Leibniz

il ibni
t 0 Z | Universitat
too 4 | Hannover

5
KM TuDelft

Source: SCK CEN MYRRHA Project Team
* Acquired by Veolia
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Source: SCK CEN MYRRHA Project Team

* Acquired by Veolia

International R&D network - 2

Private Sector
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* Link to the MYRRHA 3D movie
» https.//youtu.be/FSonT1FQBxJo
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PLEASE NOTE!

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

If this has been obtained, please reference it as a “personal
communication. By courtesy of SCK CEN".

SCK CEN
Belgian Nuclear Research Centre

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

Registered Office: Avenue Herrmann-Debrouxlaan 40 — B-1160 BRUSSELS
Operational Office: Boeretang 200 — B-2400 MOL
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