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# Technical Goals & Scientific approach McSAFER
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Atoms for Peace and Development

Contribute to safety research for water cooled SMR

Perform key thermal hydraulic experiments at three European facilities
Validate thermal hydraulic tools using MCSAFER data

Develop / improve simulation tools for safety analysis of SMRs based on multi-physics / -scale

Demonstrate advantages of multi-physics /- scale tools compared to industry-like tools

Scientific approach: Combine experimental investigations and numerical simulations
Project Timeline:

Start July 2023 Extension: 6 months
— A
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1.9.2020 31.8.2021 31.8.2022 31.8.2023 29.2.2024
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# McSAFER: Work Packages, Partners McSRAFER
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(&) McSAFER Experimental Facilities: MOTEL, COSMOS-H, HWAT e e

IAEA

LUT

Helical coil HX

KTH o

PZR' - .

———  Primary loop (RCS)
Secondary loop (FWSIMSS or PRHRS)
Temary loop (Cooldown tank)

T

eated zircaloy-4 tubes
heated zircaloy-4 tube

Serie-1 Serie-2

N W /7 \ 0

oy, ey AW ;-

v

High-P, High-T Loop for two Phase

Flow Investigations (SS/TR)
COSMOS-H: Test Section Test Section
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{a@ McSAFER Experimental Facilities: Key Parameters, Features

AR

Key-Parameters

Focus

Power (MW)

Pressure (MPa)

Max T_inlet (°C)

Mass flow rate (kg/s)
Loop height (m)/D (m)
Test section:

Height (m)

Heated rods /tubes
Instrumented rods

Instrumentation:

Fundametal HT,
Boiling, CHF

2(0.6)
5t0 17
370
0-1.4
3.54 /0.08

1t02

1 tube, 5 tubes
all

Many TCs, p-sensors,
high-speed cameras
and LDA

HX-performance, core
crossflow

0.99
4 MPa (PS) / 4 MPa (SS)
250 (PS) / 250 (SS)

7470711

1.830

132 (heated) / 145 (dummy)
16

340 TCs, 212 in the core, 5 p-
sensors, 7 diff. pressure,
Ultrasonic flowmeter

i This project has received funding from the Euratom research and
* training programme 2019-2020 under grant agreement No 945063.

T T—
McSHFER
[ |

forced convection SS, transition to natural
circulation, natural circulation

1
25
450
1.5
8.8

3.7 (heated riser), 1.89 m diff between
hot/cold sections

1

Multi-sensor probe at exit if heated riser to
measure velocity, void and temperature,
DP-transducers, Coriolis flow meter, TCs
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%%% Highlights: Experimental Investigations

International Atomic Energy Agency
Atoms for Peace and Development

HWAT Facility:
MOTEL Facility: acity

= 40 test done NC, FC, N2F
= Serie 1: Helical HX performance (~10 tests)

P ——— = 9 tests selected for code vaidation
Average
220{ —— FEstimated stcady-stare value
# Test Test date | Pressure Flow Flow ‘Power Power Comments Optical
type [YYMMDD] | range rate rate flux | range flux probe
[bar] range | range kW] range used
[kg/s] | [ka/sm?] [kW/m?]
20 Forced 230620 5-78 0-0.8 0-2901 0-177 0-812 No
23 Forced 230808 9-102 0- 0-752 3-278 -13- No
0.21 1270
32 Forced 230810 29-81 0- 0-3311 37-353 169- Data  from No
0.93 1616 TC #1, 17
180 excluded
due to poor
2000 4000 6000 8000 10000 12000 14000 16000 34 Forced 230815 101-123 0.05- 183- 43-154 197- Data from | No
Time (s) 1.46 5204 704 77'40 #1, 129,
. due to poor
= Serie 2: Cross flow in core (x tests)
36 Natural 230616 59-79 o- 0-439 0-120 0-548 No
0.12
1950 37 Natural 230630 10-75 0- 0-387 0-134 0-614 Yes,
0.11 runs
30, 31,
32,33
38 Natural 230807 51-94 0.02- 84-577 0-238 0-1091 Data  from No
0.16 TC 10,
1542 11, 23
excluded
due to poor
quality.
43 F2N 230811 67-93 0.05- 181- 116-125 533- Data  from No
= 1.43 5097 570 TC #1, 2,
i 1085 excluded
- due to poor
- quality.
44 F2N 230815 119-141 0.05- 183- 117-125 534- Data  from No
1.44 5143 573 TC #1, 2
14, 19
excluded
602 due to poor
i quality.
220 ol g b . .
T = Test series 2: in March 2024

160 161 162
Temperature (“C)

McSAHAFER
[ |

COSMOS-H Facility: HT convention to
DNB

= Serie 1: one single heated Zry-
tube (20 tests)

* In March 2024

= Test series 2: five heated Zry-
tubes

. ?

inlet subcoolingin K

13

pressure in MPa
300

mass flow in kg/m?s

Parameter matrix for DNB tests

This project has received funding from the Euratom research and
training programme 2019-2020 under grant agreement No 945063.
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@ Validation of Thermal Hydraulic Codes using McSAFER-Data McSAFER

.....r....a.ml.ﬁ..Eb — |
s end oo Tests CF system TH
D
Remarks: COSMOS-H | KIT KIT
. . LUT uJv
= Different thermal hydraulic codes: CFD, UV
Subchannel and system TH codes
MOTEL KIT LUT
= Different partners involved with different oV UPM
tools HWAT KT KTH
H UPM

McSAFER Validation Matrix

[conDENSER|

MOTEL: CFD (CFX) Model of
the facility (KIT)

HWAT: TRACE model (UPM)
MOTEL: CTF Core Model (TBL)

This project has received funding from the Euratom research and
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CAREM-Like core

61 HEX FA (1.4 m)
Some FA with BP (6-12)
25 control FA

U-235 enrichment: 1.8 to
3.1%

-

FSMR Core

57 FA 17x17-24-1 (1.6 m)
All FA with AlC-rods
Gd-rods (6-10 %)
Heterogeneous FA-design

Different enrich.3.5-4.95 %

~

WP3: Multi-physics Core Analysis of different SMR-Cores

C —
McSHFER

| ———

=
LN N N
S N N N N
=
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NuSCALE-Like core
37 FA 17x17-24-1 (2m)

GD-rods (16)
U235 enrich: 1.5 -4.55 %

Control rods design: Axial
varying CR-materials: AIC,

kB4C

KSMR Core

= 57 FA 17x17-24-1 (2 m)

= 6 FA designs, each with CRs
(AIC, B4C, SS)

= U235 enrich: radial/axial (2-4%)

/ )

= 20-24 BP rods (B4C, Az03)

* This project has received funding from the Euratom research and
* training programme 2019-2020 under grant agreement No 945063.

IAEA Workshop. EVT 2304645 9



@)

-,

Atoms for Peace

and Develop

Compactness
High leakage
Small size (H and D)

Heterogeneity (radial, axial) of
FAs

Harder spectrum

Complex control rod designs
+ Different types and materials
* Axial heterogeneity

Increased role of reflector

WP3: Challenges of Water-cooled SMRs for Core Physics

MCcSAHFER
[ |

KSMR Core: Radial

KSMR: different
Control rod types

Nodal diffusion /1D TH or Subchannel
Pin-based transport / Subchannel
Pin-based MC /Subchannel (SS, Transiet)

location of the CR-types

This project has received funding from the Euratom research and
training programme 2019-2020 under grant agreement No 945063.
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= WP3: Highlights of high-fidelity SMR Core Analysis .

[

International Atomic Energy Agency
Atoms for Peace and Development

" NuScale: REA Analysis = CAREM Cold Water Transient Analysis

Critical boron search
Stationary simulation

Transient source generation Transient simulation

Minimum DNB ratio
Total power

1.7
| 10 tme el
nef  Igimenevs evwsecanid =l
SSS SSS . 12 F ! 1 16 |
: E & [ g sy
SS8S-SCF-TU: three-step simulation approach g ey Fd ] s f
102 L b L
w Ry ol T e
—— Serpent 150 4 * 0 10 20 30 40 50 1] 10 20 30 40 50
§ 4 Time (s) Time (s)
S 160 "
5 = .
% 140 - é 100 CAREM: Power evolution CAREM. Predlcted DNBR
£ 1207 First-of-the-kind results:
100&0 05 1.0 15 2.0 B T REA with MC/subCh/TM
Time (s) ' ) ’ T Time (s)
long transients with MC/subCh
NuScale REA: ANTS/SCF vs SSS2/SCF NuScale REA: SSS2/SCF/TU g
:* '*‘ This project has received funding from the Euratom research and
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@ WP4/5: Challenges of int. SMR for Thermal Hydraulics & Safety mcSRFER
[ |

50

Atoms for Peace and Development

= Integrated water-cooled SMR

* Many components inside RPV like pumps, helical
HX, etc.

* Hence, 3D perturbed flow inside RPV

» Core thermal hydraulics:
> cross flow, DNB similar to the one of large PWR

cores?
» Cores with natural circulation (CAREM, NuScale)

> Stability of natural convection flow Extond data b :
- Cores with forced convection Xtend data base T1or

» Transition from forced to natural convection

- SMRs equipped with PRHRSs phenomena
> Effectiveness to remove decay heat

safety-relevant

This project has received funding from the Euratom research and
training programme 2019-2020 under grant agreement No 945063. IAEA Workshop. EVT 2304645 12




{£) WP4/5: Multiscale Methodologies for SMR RPV / Plant  w.eRrER
ﬂut—vessel /\ - Control rod drives

structures )
-/~ Pressurizer
Y 1

VN AN

g ----- Steam generator

L]
o= : T)"Control rods

Core
—— Vessel

nterface between CFD/SCF /

nterface between TRACE/CFD
nterface between TRACE/SCF

|:| System TH: TRACE, ATHLET, R53D, APROS

[ ] subchannel TH: SCF, VIPRE, ARTHUR, CTF e ° e
@ CFD TH: OpenFOAM, TrioCFD, FLUENT /

| SMART (South K
NuScale (USA) WP4: Multiscale coupling WPS5: Multi-scale /-physics coupling (South Korea)

WP4: Boron dilution System TH/ Suchannel TH ~ «  System TH/ Suchannel TH/3D NK WP4: ATWS
' System TH/ CFD - System TH/ CFD / 3D NK WP5: SLB

WP5: SLB

This project has received funding from the Euratom research and
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,:;A WP4 Multi-scale Methods for Transient Analysis of SMR McSAFER

SMART ATWS
Partners: KIT, TBL

= 1D/3D TH analysis: TRACE,
RELAP, etc.

= System TH/Subchannel:
TRACE/SCF/ICoCo (KIT)

= System TH/CFD:
TRACE/OpenFOAM/ICoCo (KIT)

NuScale Boron Dilution
Partners: HZDR, UJV, UPM, JACOBS, TBL, JRC
= 1D /3D TH analysis: TRACE, RELAP3D

= System TH/Subchannel:
TRACE/SCF/ICoCo (UPM)
TRACE/ARTHUR (JACOBS)

= System TH/CFD:
ATHLET/FLUENT (UJV)
ATHLET/TrioCFD (HZDR)

This project has received funding from the Euratom research and

training programme 2019-2020 under grant agreement No 945063.
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@i} - Hiahliaht- : : tion MCSAFER
WP4: Highlight: Multiscale Analysis of NuScale Boron Dilution -

IAEA
Intaenationat Atomic Energy Agancy
Atoms for Peace and Development 1311
- - - . 1306
= Boron dilution transient: .
«  HZDR: ATHLET/TrioCFD £ 1205
2 1277.58
«  UJV: ATHLET/FLUENT g 1o I 1277.53
£ 1286 1277.49
g 1277.44
=] = g 1277.40
§ ——MSVs £ Euave 1277.35
| | 1277.31
=g 127 - e g 1277.26
'— Main SteamLine || 1266 - - -Athlet - coupling 1277.22
— Athlet alone 1277.17
d K Feedwater
3 1261 - . . . ' . 1277.12
Fressurzer [ 3 800 1000 1200 1400 1600 1800 2000 1277.08
I} 1n32im 4 Time in Athlet (s) 1277.03
I I 1276.99
1276.94
I I 1310 1276.90
1305 moerard 1276.85
——Sector 2 1276.81
¢ - =R Wit 1276.76 7 1
E;DHRS E 1295 - Secs 1276.72 NI
A = —=oecors 1276.67
— ",SG 1 tubes (- -§ 1200 4 e
% 1285 4 —Sector 7
ToFWLine 2 ToFWLine 1 § o —Sector 8
c
§ . . .
271 Athlet/Fluent Athlet/Fluent: Boron concentration in
1270 ] e uen . .
o downcomer in Fluent, time 1539 s
1260

800 1000 1200 1400 1600 1800 2000
Time in Athlet (s)
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WP5 Multi-physics/-scale Methods for Plant Analysis = McSAFER
[ |

. IAEA )

Atoms )‘:

NuScale Steam Line Break (SLB)
Partners: HZDR, UJV, UPM, JACOBS, TBL
= 1D TH/ 3D Neutronics:

* ATHLET/DYN3D (HZDR)

SMART Steam Line Break (SLB)
Partners: KIT, TBL
= 1D TH /3D Neutronics (N):

TRACE/PANTHER (TBL
(TBL) TRACE/PANTHER (TBL)

TRACE/PARCS (KIT
CE/ (KIT) - ATHLET/DYN3D (UJV)

TRACE/PARCS (UPM)

= System TH/ SubCh/ 3D N: = System TH/ 3D N/ SubCh:

* TRACE/PARCS/SCF/ICoCo (KIT) * TRACE/PARCS/SCF/ICoCo (UPM)
TRACE/WIMS/ARTHUR (JACOBS)

TRACE/PANTHER/CTF4 (TBL)

= System TH/ 3D N /CFD: - System TH/ 3D N/ CFD:
* TRACE /PARCS / OpenFOAM / ICoCo «  ATHLET/DYN3D/FLUENT (UJV)
(KIT) - ATHLET/DYN3D/TrioCFD (HZDR)

TRACE/ANTS/OpenFOAM (VTT)

This project has received funding from the Euratom research and
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oy WP5: Highlights of Multiscale Analysis SMART SLB

Atoms for Peace and Development

SMART RPV|
TRACE |

OpenFOAM Meshing

w
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Pow

Plane: Core entrance

OpenFOAM
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McSHFER
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TRACE

s < This project has received funding from the Euratom research and
e training programme 2019-2020 under grant agreement No 945063.
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) McSAFER: Dissemination of Main Results McSAFER

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe — o X

IAEA

International Atomic Energy Agency
Atoms for Peace and Development

A Editorial Manager® X NED-D-22-00622_revie: X cn-308_programme_ov: X 4\ Das BGV Privatkunc X 2022-09-19_V2384236 X & Arbeitsibersicht - © X 5 ABOUT McSAFER - X MCSAFER - High-Perfor X +

McSAFER Zenodo Open Repository: c-oea ) e 2@ D000 o e

@ Erste Schritte (I Admin CJAVHSE (O KIT [J8enchm [ Conf (3 Coop. [JEuropeanUnion [ Forforderung [ Lectures [ Magazins (3 Nuclear (3 Platforms [ Programs

O B https//mesafer-h2020.eu/about-mesafer/

% [J Weitere Lesezeichen

https://zenodo.org/communities/mcsafer/

ABOUT McSAFER PARTNI = NEWS ANDO EVENTS PUBLICATIONS CONTRC

User group members:

NRG, IRSN, ININ, BME, FRAMATOME GmbH ABOUT McSAFER

The main objective of MCSAFER is the advancement of the al tools and partly validated in

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

safety research for Small Modular Reactors (SMR) by combining
safety-relevant thermal hydraulic experiments and numerical

of different for safety i The
experiments will be performed on existing European thermal
hydraulic test facilities such as COSMOS-H (KIT), HWAT (KTH)
and MOTEL (LUT) to il SMR-specific safety-relevant
phenomena (subcooled boiling, critical heat flux, transition from
forced to natural circulation) with the goal to provide
corresponding data for code validation.

The neutron physical, thermal hydraulics and safety related
investigations are focused on four SMR-designs such as
CAREM (CNEA), SMART (KAERI), Nuward (CEA) and
NuSCALE (NuScale).

the European research projects NURESAFE, HPMC and
MCcSAFE will be used to evaluate the behaviour of the core and
the plant of these SMR-designs. Multiscale thermal hydraulic
methods will be applied for the analysis of the multidimensional
phenomena inside the reactor pressure vessel. Moreover,
different numerical tools (conventional, low order and high
fidelity) will be applied to demonstrate the inherent safety
features of the SMR-core designs regarding the safety function
(sub-criticality, coolability) under postulated design-basis-
accident conditions.

Stay up-to-date with our newsletter and
get informed of upcoming news and events.

Subscribe here

Visit public website: www.mcsafer-h2020.eu

This project has received funding from the Euratom research and
training programme 2019-2020 under grant agreement No 945063.
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52 summary T

= Experimental program provide key-data for code validation regarding
« Performance of helical coil HX
* Cross flow in the core
« DNB, transition from forced to natural circulation

= Analysis of core transients with different approaches emphasizes the need of advanced
tools (transport, MC, subchannels) to assess complex, small, heterogeneous SMR-cores

= Safety evaluations of SMR-transients with different “simulation tools” contributes to
identify most appropriate tools for SMR-plant behavior

* Reduce conservatism
« Enhance operational flexibility
* Improve economics

This project has received funding from the Euratom research and
training programme 2019-2020 under grant agreement No 945063. IAEA Workshop. EVT 2304645 19
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McSAFER Workshop Survey: Questionnaire McSAFER

IAEA

&

Intorn:
Atoms fn

= Online option: Visit the link online survey and be so kind to answer the questions:
(anonymous and in line with GDPR regulations)

* Collect feedback from the participants (different stakeholders) for internal use in the
McSAFER Deliverable (D6.11)

* You feedback will be evaluate for the McSAFER impact

= Printed Option: Questionnaire to be distributed among the participants
* It will be collected the last day of the Workshop

This project has received funding from the Euratom research and
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