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L —
Technical Goals & scientific approach McSAFER

Technical goals:

= Advance the safety research for water cooled SMR
*  Perform ke\x/egeriments relevant for SMR-safety (core, helical HX) at EU-facilities (COSMOS-H,
MOTEL, HWAT)

+ Develop, improve, validate simulation tools for safety evaluations of SMRs
+ Demonstrate advantages of advanced (multiphysics /multiscale) tools compared to legacy ones

= Apply simulation tools to four SMR-designs (F-SMR, CAREM, NuScale, SMART)

Scientific approach:

= Combine experimental investigations with numerical tools for safety

= Consider different SMR-designs:
« Natural circulation: CAREM, NuScale
*  Forced convection: F-SMR, SMART
» Core design: square (F-SMR, SMART, NuScale) and hexagonal (CAREM) fuel assemblies
+ Etc.
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Partners and Budget

Partners: 13

= R&D: CEA, VTT, HZDR,
UJdv, JRC KA, CNEA

= Universities: LUT, UPM
KIT, KTH

* Industry: Jacobs,
TRACTEBEL, PEL
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McSAFER: Work Packages, Interactions MCSAFER

[ WP1: Project Management (KIT; M01-M36) |

[ WP?7: Ethics requirements (KIT; M01-M36)
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WP2: Key Experimental Investigations & Validation

= Validation matrix: CFD, subchannel, and system thermal hydraulics codes

total length 4,2 m
heated length 1- 1,4 m

COSMOS-H (KIT)
= Code validation

Codes COSMOS-H Codes
KIT LUT uJv
CFD CFX  OpenFOAM  CFX CED
SubCH SCF VIPRE SubCH
SysTH TRACE RELAP3D SysTH

%

A
1 4

[

*
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MOTEL (LUT)

MOTEL

KIT LUT UJv
CFX FLUENT

VIPRE

APROS

McSHFER
i
HWAT (KTH
Codes HWAT
KTH UPM
CFD OpenFOAM
SubCH
SysTH GOTHIC/TRACE TRACE
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WP2: Key Experimental Investigations & Validation MCSRAFER

= Test setups and instrumentation have been prepared and the first experiments at the test facilities and
preparation of calculation models is underway.

Multisensor probe
unit of the HWAT
facility (KTH) —

MOTEL steam
generator and core
modules (LUT)

Installation of the
COSMOS-H test
section (KIT)
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McSAFER: WP-3,-4 and-5: McSAFER Numerical Tools

—
McSHFER
]

Core analysis (Static /transient)

= Traditional with system code and point
kinetics

RELAPS5, ATHLET, TRACE

= 1D system code + 3D nodal diffusion
TRACE/PANTHER
TRACE/PARCS

= Low order transport + subchannel codes
PARCS-SP3/Subchanflow (SMART)
APOLLO3/FLICA (F-SMR)
WIMS/ARTHUR (NuScale)
DYN3D-SP3/Subchanflow (NuScale)

= High-fidelity MC + subch + TM codes
SERPENT2/Subchanflow/TU

1D system TH code + PK
TRACE
ATHLET
RELAP5-3D

3D system TH-code + Subchannel
code

*  TRACE/Subchanflow
+  TRACE/ARTHUR

3D system TH + CFD code

TRACE/SCF/OpenFOAM
(TrioCFD)

ATHLET/OpenFOAM (CFX)
ATHLET/FLUENT

1D system TH code + 3D nodal diffusion
+  TRACE/PARCS (KIT)
TRACE/PANTHER (TRACTEBEL)
TRACE/ANTS (VTT)
ATHLET/DYN3D (HZDR, UJV)

3D system TH-code + Subchannel code + 3D

nodal diffusion
TRACE/PARCS/SCF (KIT)
TRACE/WIMS/ARTHUR (JACOBS)

3D system TH code + 3D nodal diffusion +
CFD code

TRACE/PARCS/OpenFOAM (KIT)
ATHLET/DYN3D/OpenFOAM (HZDR)
TRACE/ANTS/OpenFOAM (VTT)
ATHLET/FLUENT/DYN3D (UJV)

WP3 Scenarios:
e REA: NuSCALE / SMART

 Cold water insertion:
CAREM / F-SMR

WP4 Scenarios:
e NuSCALE: Boron Dilution
- SMART: ATWS

WP5 Scenarios:
« NuSCALE: MSLB
- SMART: MSLB
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Remaining R&Il Gaps (will be concretized at project end) MESHEER

= SMR safety-relevant experimental investigations
« Natural circulation tests in representative geometries for different designs
« Heat transfer & pressure drop tests for ATF-cladding material candidates (subcooled boiling, void fraction, DNB)

= Multiphysical core physics methods
* Innovations to improve economics keeping high safety for operational flexibility

+ Advantages of BF-core may need innovative control rod systems, reduce reactivity swing over cycle, assure
sufficient shutdown margins at BOC and EOC

« Multi-group transport solvers to account for harder spectrum, highly heterogeneous and highly leaky core (axial,
radial)
= Multiscale / multiphysics safety methods

* Foster use of CFD for RPV thermal hydraulics combined with 3D core TH with 2Phase flow models (porous-
media codes may be intermediate solution)

* Improve multiscale coupling e.g. of system TH /CFD codes (robustness, flexible coupling, convergence)
* Increase experimental data base for validation - especially for projects with natural circulation
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McSAFER Coordinator McSAFER

Contact:
Victor.sanchez@kit.edu
Handy: +49 15201547532
KIT CN Karlsruhe

ABOUT McSRFER

Tihe maain cbjective of MESAFER & the advancement of the Advances

tocls developed and partly validated
satety research for Small Moduiar Reactors (SMR) by combining the Exropesn research peojects NURESAFE. HPMG and
Satety-relavant thammal MyGrauks Expenments and rumancal MCSAFE wil e used 1o svalzale The Behaviour of the core and
simutatons of ciflerent approaches for salety waaluatons The thar plant of these SMR-designs. MuSiscale thermal Fydmubc
experiments will be performed on existing European thermal imethods. will be applied for the anabysis of the mutdmenskanal
Pycdrausc hest taciites Such as COSMOS-H (KIT), HWAT (KTH) phencmena inside Fe reacior pressure vesssl Marsover.
and MOTEL [LUT} o investigats SMR-specitc safuty-relsant iflarent rumarical 1ocis jconventional. low crder and high
phanomensa (suboooked boling, Crtical heat flux, transtion fom ) Will be apptie o harent satesy
forcad o natiral Circulation) wih e goal 1o provide Features of the SKR-Cone desigrs reganng the safiety functon
comesponding deta for code validation {sub-criscaily, coolabaty] under postulated design-basis-
sccident conditions.

The meutron physical, Mermal Mydrauics and safety et
much

ane four as
CAREM {CNEA), SMART (KAER), Nuward (CEA) and
MUSCALE (HuScake)

Visit website: www.mcsafer-h2020.eu
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McSAFER Education & Training, Dissemination MCSAFER

= Training courses:
+ First training course on SMR Technologies: January 25-27.2021: UPM
> 194 participants

* Upcoming event: Second training course on neutronics and thermal hydraulics for SMR
(March 2022): LUT

» See link: https://mcsafer-h2020.eu/news-and-events/

« MOOC course on Multiphysics simulations applied to SMR (march 2023): UPM

= Mobility program
+ 9 fellowships to be assigned for mobility of young researchers
> See: https://Imcsafer-h2020.eu/news-and-events/
» Still available budget
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KSMR and CAREM Transient Analysis with PARCS/SCF e SHEER
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McSAFER: WP4 Multiscale RPV Thermal Hydraulic Analysis [cSAFER

KIT
(SMART) HZDR
TRACE TRACTEBEL (NuScale)
(NuScale) ATHLET
TRACE
4~ SG Primary-Side
g 5 4
uJv
(NuScale) (=
RELAP5-3D
¥ i : W '
. : £ . A
' g | !
T i o ' - JRC i
1 it ! il (NuScale)
— : 18 TRACE
&} UPM : I‘“ . { A
I (NuScale) i 1 - i T£TL f i
e TRACE S 4 : - L. ‘
S " i | ‘--*.}T* ']
g | . i
1D and 3D system TH code models - -

This project has received funding from the Euratom research and &(IT . o
training programme 2019-2020 under grant agreement No 945063, SNETP Governlng Board n°7, 1-2 February 2022 14

<arlsruhe Institute of Technology



L —
McSAFER: WP4 Multiscale RPV Thermal Hydraulic Analysis MtSAFER
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