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Belgian Government decision of 7 September 2018

Non-Profit
Organization

/
AN
——
|

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'orl"SterS to
operations (linac 100 MeV) prompte an .negotlate
international

partnerships

2
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MYRRHA: ACCELERATOR DRIVEN SYSTEM

PHASE 1 LINEAR ACCELERATOR PHASE 2

100 MeV 600 MeV

v TRANSMUTATION DEMONSTRATION PHASE 3

REACTOR

v' ADS AT PRE-INDUSTRIAL SCALE

v FLEXIBLE IRRADIATION FACILITY




Radio-isotopes

*SNF = Spent Nuclear Fuel

Fission GEN IV |

SNF*/ Waste

Multipurpose |

hYbrid
Research
Reactor for
High-tech

~ Applications

Fundamental
research




Fission generates High-Level Nuclear Waste

‘

D

@- Uranium | Fission = @

Neutron ‘ \" @n::> I
& O

1 ton of spent nuclear fuel contains:
« 935 kg of U (recycle into MOX)
« 12 kg of Pu (recycle into MOX)

* 0.6 kg of Cm
« ~50.5 kg of FPs

SCK CEN/42551286

Source: SCK CEN MYRRHA Project Team 1SC: Public

actinides

\I

Minor Actinides )

Np Am Cm

Neptunium /. Americium Curium

Minor Actinides
- high radiotoxicity
- long-lived

- heat emitting

5
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A Nuclear fuel Nuclear fuel Nuclear fuel

Spent p ; :
Nuclear 1000 - transmutation reprocessing NO reprocessing
Fuel \_ B F
N \
5=
Y \
X
(@)
id
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©
&B N4 N N
~ 300 years +300,
Natural y +10,000 years 000 years

Uranium



MYRRHA S PHASED IMPLEMENTATION STRATEGY

0.03 Mev 15MeV 59 Mev 17 MeV MEET ~11m 70-100 MeV

Lea RT-CH secton SC-CH section PRI 2| 08 o). SIS

Benefits of the ﬁ”‘""""’*"’""""‘"‘”“ -

phased approach:

RT-CH cavity SC-CH cavity

ﬂ lﬁi‘o_ﬁ} _m&MH‘WHF‘U"\-.- .=-'-'-='Illw-u—-"' ‘
already a first

operational facility
available in Mol at
end of 2026

spreading the
Investment costs

power coupler

Phase 1 - 100 MeV
+ Proton Target Facility

2rod RFchermalmockup SELH My

(34 v, 63 m] |60 ¢au, 1008 m)

¥ — -
LT 7044 Moz ELUPTICAL UNAC %0510 shea ey 04,4 MHz FLLIPTICAL LINAC [i=0 705 Tpemamy
Uyt

successful milestone
then next step >>
== reducing technical &
financial risks

5 element ellipt'cal cavity

elipt'cal cavity envelope
with cold tuning
mechanism design of the test cryomodulefor the
liptical cavity

Phase 2 - 600 MeV
Phase 3 — Reactor

A e - 7 A v & ’ ?
Source:SCK CEN MYRRHA Project Team . 13y o




MYRRHA phase 1 MYRRHA phase2 | MYRRHA phase 3

Applications Description
2026 2032 2036

Spent fuel transmutation

>> Reduce radio-toxicity:
* in volume (factor 100) x x J
 in duration (factor 1,000 from

300,000 years to 300 years)

Innovative radioisotopes

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

Fundamental research

B o Bl fundamental research in nuclear
physics science and nuclear medicine

- *| Fusion energy
" | Conducting advanced materials
% research, qualification and testing for

-

4 fusion energy

A landmark project on the ESFRI high
priority list contributing a.o. to J J J
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MYRRHA PHASE 1 (MINERVA) IMPLEMENTATION IN 2026

MINERVA = LINAC 100 MEV + PROTON TARGET FACILITY
OBJECTIVES = ACCELERATOR RELIABILITY + RADIOISOTOPES I1 ISOL PHYSICS + FUSION MATERIAL R&D

R T T T T T T I T Ty e — - A
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MYRRHA masterplan
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7« 30 June 2020

MYRRHA protons accelerated successfully




Superconductivity and French prototype: a

crucial milestone coming up for MYRRHA
*< 27 November 2020




The MYRRHA 4-rod RFQ reach its first success:

nominal proton beam delivered intensity of 4

mA and energy of 1,5 MeV

* Transmission through RFQ 98%

« Beam holes v/, Duty cycle (99,75%: 95%
MYRRHA Reactor + 4,75% PTF

7 4 December 2020 _ .7i74747~4’7‘4’7*{ e —+—+—H F,.fi,{;{f,;,i‘i,i‘% “77‘7‘7'4{7’4’7’7'4" |

| 2.0ms/div 10,0MS/s 100.0ns/pt
Average:50
103 acqs RL:200.0k
an 4 décembre, 2020  09:32:23

o e ey |

4mA




MINERVA,

planning

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
w " w2 " e " 2 " e W e H e " 2 W " " W m e " 2 " e "
L4 w Licensing
«+ PSAR deliverables defined (FANC)
« PSAR submitted
] 2 « Royal Decree
« Need for EIA (MER) assessed (BelV)
SARapphcavon
w» Nuclear Facilities
& Ground breaking ACC
« ACC Buildings dust free
« ACC Buildings/infrastructure commissioned

« PTF Buildings dust-free

« PTF Buildings/infrastructure commissioned

w Accelerator

« Start installation beam elgments

& First beam frpm Injector

« First beam in SC linac
« Nominal beam at 100 MeV

§—— Proton Target Facility
& First beam on PTF target
« First PTF target commissioned for operation

v

& FPF dust free

w Full Power Facility

% FPF beam dump - first beam
& FMR - first beam
«+ FMR commissioned for operation

| Istage ______ lPeriode

SCK CEN/42551286
ISC: Public

LINAC conceptual
PTF conceptual
LINAC basic

PTF basic

LINAC detailed
PTF detailed
LINAC

PTF

LINAC

PTF

2016 — Q2 2020

2016 — Q4 2020

Q3 2020 - Q4 2021
Q12021 -Q1 2022
Q12022 - Q4 2024
Q2 2022 - Q4 2025
Q2 2022 - Q4 2025
Q2 2023 — Q4 2026
Q4 2025 - Q4 2026
Q4 2026 — Q4 2027

14
Copyright © 2021 SCK CEN



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 Revision 1.6
Reduce the size and cost
Po-H,0 interaction (in-case of HX tube rupture)
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 tub
guide tube Thermal IPS (3) keff 0.92891
MgO reflector (42) Core 60
15-15Ti ower
PR Fast IPS (6) I(DMW)
Spallation target (1)
Mao Fuel assembly (78) Beam 3.63
current
Control rod (3) (mA)
LBE channel (30)
thermal islands (3)
experiments (6)
water Spallation 15-15Ti wrapper
thermocouple (12)
UAI, plates target tantalum
X assembly SS.316L tensile $5-316L sample (type 2)
cadmium (1) - view ) ;Z?frfs SS-316L sample (type 1)
of irr. helium
+—— helium LBE
targets Al-matrix

T91 guide tube

17
Copyright © 2021 SCK CEN

ISC: Public




Irradiation performances

- Setup:

thermocouple (12)

7 sub-channels with samples $S-316L sample (type 2)

vertical stacks of samples in Al matrix $5-316L sample (type 1)

helium

thermally isolated

Al-matrix

J  Constant irradiation levels during operation T91 guide tube

1014

—— fuel 1st crown
—— experiment
—— thermal island

—— spallation target

DPA damage in IPS dpa/y 14 13 Q
Neutron Flux in IPS 3
> 0.75 5 14 14
MeV n/cme/s 3.8 x10 3.6 X 10
n/cmz/s 2.3 x 1015 2.2 x 1015
Energy / MeV
SCK CEN/42551286 18
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Core Design: performance in subcritical mode

* Minor actinides (MAs) transmutation

J  MAs transmutation in high fast neutron fluxes

1014 5

1 Two transmutation paths: e fission \
—————— capture - 10
Neutron-induced fission . 100
.o B - 102
Radiative capture g =
AT LR A N S
) Fluxes > 0.75 MeV to maximize s ik :
fission over capture 2 I 1 16 [ —— N 102
S &
10° - 3 L 104
Isotope fission (%) / cycle A mass (%) / cycle —— subcritical
——— critical 3
Am-241 1.0 4.3 . ; - : . .
10711 107° 1077 10-5 1073 107! 10!
Np-237 1.2 3.9 Energy / MeV
SCK CEN/42551286 19
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Spallation target module for Fusion material irradiations

The neutron production zone in LBE should not be perturbed >
below it (~20 cm below the spallation target) some volume can
be envisaged to place samples

J Samples are placed in a dedicated holder below the
spallation target

- Setup:

v 3rings of samples

v 18 samples / ring

D Sample VO|Ume : . L : 200.00 (mm)
v Length: 3 x4 cm

v Diameter: 7 mm / sample

J  Active cooling

SCK CEN/42551286 20
ISC: Public Copyright © 2021 SCK CEN



Spallation target module for Fusion material irradiations

1 Irradiation levels can be optimized by varying Comparison with different facilities
position of the irradiation rig MYRRHA average
proton beam current MYRRHA peak
keff IFMIF HFTM
IFMIF MFTM
12

—— 54 FAs - keff=0.93010 IEMIF LETM

——— 60 FAs - keff=0.94813

—— 66 FAs - keff=0.96707

10 DEMO FW(front)
DEMO FW(back)
DEMO BZ(middle)
DEMO BZ(back)

BORG0

sample length / cm
[o2]

BR2 Channel B

HFR Petten

0 5 10 15 20 25 30 0O 5 10 15 20 25
8 10 12 14 16 18 20 22 DPA/EFPY appm He/DPA

appm (He) / dpa / EFPY / mA

SCK CEN/42551286 21
ISC: Public Copyright © 2021 SCK CEN



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

LBE inventory m?3
Total mass ton

12000 ton reduction in LBE coolant 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

14

525
6682°



MYRRHA reactor, Planning

re
Conceptual design of reactor building
easil

Basic design of reactor by external engineer

Reactor design

Drafting of PSAR by external engineer

e « 2020
Description of Rev. 1.8 concept, including the reactor

g building
m —— - Final report of the pre-licensing phase
5 [ e e B N R&D Status report

Research activities in support of design and licensing ° 2022 — Sta g e_G ate

R&D

Protyping and testing

Conceptual design

Commitment of consortiumpartner
« 2024 - Stage-Gate

Feasibility of conceptual design

Positive advise from safety authorities
5 - 2026
Basic design with consortiumpartner

- 2030
Authorization of construction

s
uuuuu

SCK CEN/42551286 23
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MYRRHA contributes to EU strategic objectives

Knowledge
Economy

Energy
Independence

ESFRI
ctratoge SET Plan
i:::;g;f,r Europea.n
Research - StlI'Eanteglc
Infrastructure [P ragtieaitiy . 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/42551286 24
SCK CEN MYRRHA Project Team

ISC: Public Copyright © 2021 SCK CEN



MYRRHA contributes to Belgian strategic objectives

Knowledge Energy
Economy Independence

F

(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/42551286 25
ISC: Public Copyright © 2021 SCK CEN



International R&D network - 1

Universities

=

W UCLouvain I}
NIVERSITEIT

GENT

VRIJE

UNIVERSITAT

FRANKFURT AM MAIN

RUB [-=JL

U
UNIVERSITAT
BOCHUM

UNIVERSIDAD
POLITECNICA

UNIVERSITEIT
BRUSSEL

343
DE VALENCIA UniversitApiPisa UNIVERSITET

Research

o

Exploring
4 ¥ LIEGE
université

UNIVERSITE
ULB s
DE BRUXELLES

TECHNISCHE i1 | Leibniz IN2P3
UNIVERSITAT i 0; 2] Universitat Les deux infinis
DARMSTADT 1o ¢ 4 | Hannover

5
| AJM TuDelft

AGH

Associagdo do Instituto Superior Técnico
para a Invesfigago e Desenvolvimento

Y\ \ EUROPEAN
PALLATION
SOURCE

//\ NNSTU

Y

UPPSALA

‘)JLHJCH

FORSCHUNGSZENTRUR

Source: SCK CEN MYRRHA Project Team
* Acquired by Veolia
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SCK CEN/42551286
ISC: Public
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http://www.ciemat.es/portal.do

International R&D network - 2

Private Sector Authorities

AR A / \
TRACTEBEL . FANC & AFCN

carycace EMPRESARIOS AGRUPADOS

BeLV
O©ACS THALES

CRYOGENIC SYSTEMS

—

BEVATECH

I (OSYLAB

SLETD

= ANSALDO \;‘?“?v,
WL
\ J

Source: SCK CEN MYRRHA Project Team SCK CEN/42551286 27
* Acquired by Veolia
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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".
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