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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,
Kot 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
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MYRRHA'’s phased implementation strategy

Benefits of phased

approach:

* Reducing
technical risk

* Spreading
investment cost

*  First R&D facility

available in Mol
end of 2026
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Phase 2 - 600 MeV
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Source:

New MYRRHA core design revision v1.8

Focus on the subcritical core

Operation by control rods instead of by the
beam to reduce thermal stresses on the beam
window

Lower operating temperatu res
Tcladlpeak:400 °C

Reduced core size

~20 ¢cm smaller core diameter

Relaxed limits on radiation damage on the core
barrel

10 dpa in 10 calendar years

SCK CEN/43097315
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Stainless steel jacket

Thermal IPS (3)
MgO reflector (42)

Fast IPS (6)
Spallation target (1)
Fuel assembly (78)

Control rod (3)
LBE channel (30)

Radial flux distribution
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Criticality uncertainties (results of CHANDA)

K.+ uncertainty

% OKefr/Keff

239Pu(n“{) Py |
0.27 0.235 o
2y (n.n) Pu (n,f)
0.319
29Dy
0.182
280, nf
0.161

U (n.y) 0319

239
Pu v 28y (n, n) 0.122

0.129
Okers 5
Total — - =0.945% ~1000 pcm

eff

Oke
Target accuracy : %600 pem (<PBes)
eff

SCK CEN/43097315
ISC: Restricted

B.ss Uncertainty

Total 2.22 %

Others -

239Pu (n,n’)
239Pu (n,f) 4
238U (n,f) -
238U (n,n) 1
208Pb (n,n)
206Pb (n,n) 1
206Pb (n,n’) 1

56Fe (n,n’) -

242Punu_d

56Fe (n,n)

240Punu_d

238U (n,n’) -

241Pu nu_d -

238U nu_d -

239Pu nu_d

—_—TT T T
00 02 04 06 08 10 12 14 16 18

I I I I I I I

ABeff/ Beff’ %
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Priority list

Increase of confidence by improving the

uncertainties is needed for

» 239Pu: (n,y) both in resonance and fast energy
region, (n,f) fast, ¥ and v fast

> 238U: (n,n’) fast, (n,y) resonance and fast, (n,n)
resonance and fast

> 240Py: ¥ fast

> 238py: (n,f) both resonance and fast

> °6Fe: (n,y) both resonance and fast

Special attention to 2%°Bi (n,y) and (n,n’), 298Pb (n,n) and (n,n") and
235U, (n,f) and (n,y) due to flexibility of providing neutron spectrum in
various core regions
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Challenges: Pu-241 example

Cross-section (b)

Incident neutron data // Pu241 /|
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MYRRHA Performance and TAR

Besides criticality safety of MYRRHA ADS, let's have a look on the performance (and
burnup)- key parameter here is power (proportional to number of fissions)

I = beam current
Qf = average energy release per fission

(1 — ke ff ) S = number of neutrons source to fission (per incident proton)

1QsS

P

* S has uncertainty at level of 10% [Ann. Nucl. En. 120 (2018) 207-218] —no proton/neutron data files

from Pb and Bi @600 MeV

«  Target uncertainty on k. should be such that does not significantly increase total uncertainty on the

power.
*  For example, taking k4 = 0.95 and S=10 n/p:
1
0.5
0.3
0.2

* Current target requirements of 0.3% Akcss/kesf seem OK for MYRRHA also from the

viewpoint of performance and burnup

SCK CEN/43097315
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https://www.sciencedirect.com/science/article/pii/S0306454918302780?via%3Dihub
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Polonium-210 in MYRRHA

Produced by neutron capture . Yield (branching ratio)
Assuming no release, during 1 irradiation cycle 5.5e+4 TBq ——JENDUASS = Sorolla ot ol (GELINA)
of 219Po is produced from ~7600 ton of LBE ('~ 350 g) sl v e
Decay heat: 48 kW of LBE pool _ 10f
©
Normal operation: partially migrates in cover gas o
Failures or leaks: evaporation in contact with ambient air, 5L + R
formation of highly volatile species in presence of
moistures and/or hydrogen : /’ j—%
Accurate prediction of 21°Po production by neutronic 0 s R ——
. 10 10 107 o 10
codes is needed Neutron energy / eV

New entry added to the NEA HPRL — -
Experimental programme to measure BR and total neutron e

capture (JRC and SCK CEN) —— 71
First measurements in 2019 at J-PARC/ANNRI (Japan) - NG
Neutron transmission and capture measurements at GELINA (JRC) | ¢ %uk a/{m:}“
in 2020

210 .
mBl i

o (3x10° v)
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Conclusions

For criticality safety, we need to reduce the keff uncertainty from ~1000 to
300 pem (< 1 Beg)

For shielding design for MINERVA, reliable proton-induced data,
especially for light nuclides, are required

For waste management, one of key points is accurate prediction of Po-210
production: an experimental programme has been launched with ultimate
goal to produce new JEFF evaluation for Bi-209

Research continues within SANDA
WP5.1 homogenized core model for v1.8
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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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