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Current and future Common

nuclear indust programmes
LR SMR and
generation
3 reactors couplcd systems

Manufacturing

Nuclear cycle

: processes and
recycling - LCA

| - -
:‘ Simulation '

4th generation
reactors

Defence
activities .
Cross-cutting programmes

LS x
1 E‘L Basic research

AP Closure of carbon cycle
SRS =, i

SETS HEALTH . &
RG) TECHHOLOGIES

IR EEH T D)=y T LR i,ﬂ Tech-Economy
©CEA ' ©CEA
O 4D08BM > Military Application Division(DAM) © S
» Energy Division(DES) @ @

> Technological Research Division(DRT) 3 ¢ @
» Fundamental Research Division(DFR) @ @ @

H ) CEA website https://www.cea.fr/english ©CEA 15
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SNETP (Sustainable Nuclear Energy Technology Platform. 252 - 3tHX{FDONUGENIAZZ ST
SRS DB S R JA— /) . MELDI (KIEEDOZFERMEMN A =77+« J) &

NERIS (European Platform on Preparedness for Nuclear and Radiological Emergency
Response and Recovery) (241 EZSH0)

O BRFHRERIJWFHNE - SrsliE
NI ZZIE L. SIS, R - EFEEOMIGCOWTRFIERIICIES.

> EDFODIRFHAFEBPICHITDNHREREINERICE T DRUiMTE
> DUSAFTDIRFHFEBFIOGHKICET DIREkE (28 LAEHETE:)

O ERADORFRKE EDIN— M F—> v I IBRICKBMRT O S LAZRHFE

CABRIERT O S L (HERIFCABRIZH A U RIGESEENOHAZE. OECD/NEADIEBIDT.
121 EORBILE. BEE. MFREENSH) . LOCAICETIMIE OIS AREZHIE, 16
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Few words about IRSN

Nuclear Operators

Stakeholders
(CLI etc..)

Technical support organization for
the Nuclear Safety Authority

Nuclear Safety Authority

‘ 5 ENC
& oF SURLIL
> \ Cea A " WUSAEARS NOYAUME-UNI FiBAS ALLEMAGNE
eDF AREVA e crnnions SH. _ sevcacs
t ; Choa 2 a udsouns
A
Expertise - Research only PWR | %= X ""f”' ™
' one operator EDF - e o v E‘-ﬁ " 4 Dampire
' standardized fleet PWR “Chinon 4& 2 Belevile /) s
(900 MWe, 1300 MWe, 1450 MWe) PWR series 2 oy gy ")
BEpoooRCCCIIIUCCTOL 900 | 1300 | 1450 _ Stokbon 2. }
’_’AseAas.id@o=:~:-:v:v:-;~:-:-:- ........ i?oﬁﬁttci’; Mwe | Mwe | mwe tesiyais 4 Cruas 4 Foor
» estuaryside . : < 7y
- on 18 sites Colfech z.,l Tricastin 4
» riverside with cooling towers 19772021 | # | @ | 0 - /
Research reactors: rota 32| 2| 4 i ~auC \)lf -
operated by CEA (Saclay & Cadarache) ooy | gy gy gy g
and by ILL (Grenoble) 56 Wiyt

Hig8)

Marvdee de rbactours par ste

Christophe Herer IRSN, Passive Systems and SMRs, February 3rd , 2021

https://snetp.eu/wp-content/uploads/2021/02/Presentation_Christophe-Herer.pdf

1 Vit 2 2etwrom 4 Arextan 6 Gstacteuns

©IRSN

— e teee @
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> EFBEOBADICKD. S ERF ORI A\ DR 7Z5TIE

> KETEE 3% (GNF. Framatome. Westinghouse) 1M1, SR IERAR
FATHERRZRAFE L. KIROBERRFIF(CERAT SaHE

> INLSGEERIF (ATR) (CT. BEABKIFOSINFEAZE U I IR8T5HER

« ATRT(E, BBD>T)ILZR2R(CHAETEBDRIENTEDEN. PUHFICKDE+ERD
DREHEE ERF OBREGEZHEMNATELSED I ENFEE
- MBERCTIEONDT —H(E. KNRCHEIRBIOMEHEEZITORSTERIND

> INL B EERAERMEER (Transient REActor Test facility:
TREAT) &EHU. ZATFELSOLZ2EE N 0] E/N R R A& 1R51E.

CERE(20GW). KL MVBHERSRN(80mSs) DT UL (T & B BEESIAE
«120 KWEEENE

BN PTIL. F U LIL—T . KIL—TDRERNETE

TS SATS T ¢ —

H#) INL Website https://transient.inl.gov/SitePages/Home.aspx
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O IRSNICKBSMROLZLIEICET BIRAE (20214F10A7HAR)
SMR(&, BEEMNDRBRRZES AT AICKDEVIKEDLZEMEZIRA. BT
2a—I)ZRET D ETHRIASEHS (600—-800MWe) &9 DixatHRIRE
RO RNS. SMREFESE (. s¥stORRIICINA,. EZ2a—)iEss
S —REEZOREE T DIREE(C K DEEHIRDEIEZIRZEL TWLD, ZDITs.
SMREAZ X3 EZE CREBHFDORAMNEIRND L SKDOTND. HIC(E. SMR
EBEOLZEMEOHHICEEBEAZBEILSEBINETEEZXDIEEND,

—73. IRSN(&, SMROEDICEEL NIV ETHBLRATERLEAZREITHEL
MNEERXD, SREIDEFRIELEBOR2EICED., RITOEAZBILISVEZENM
DERENBIAETH S,

SMRIFEE AN DN TH Bz, BRATREEETOREIRNBIEE (FI70BD5%:ET) - BX
(CRE TORACHFT I TOEEBNEATNDIEDEH DN, FEERKIFICDLTIZE,
RO O ZRIB T DO (CHIFESNBIRRAE LI DD DEVIRRICH D,

P (FREEICENERBIEDEHD. UM U, < DT IEEFRIVRFMB R ERR
REMNBEL, TOEIRAEEM EBIEEEFEEESNTULRNS EITEENRE,
EYETOIEIR SARTEEFHICIHRT TR EIC KD TDH. KEUMA LB UTEIBE DRIR
NRZeMOE EZGT 3 ENaEESTRD

FULERET, S(ICREBNTELS AT LAZSONICOVWTIE, ARNRETILTER
235 CEDR2HDREICHE, TP EDRAEICEOTERDIEDD. Ehn
DROINIBSEIEET S
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IRSN(&. ZBNLZES X5 L $FICERARE) EROFHIDITNVE SR

IRSN and Passive Systems and SMRs

* Passive systems are implemented in operating reactors in Europe (Russia, Belarus) and in project (Finland)
» What the benefits and drawbacks of such systems ?

* Need to require introduction of passive systems in future reactors constructed in France
» In-depth analysis required (as active systems have proven high reliability)

* Development of NUWARD in France (SMR proposed by TA, Naval Group, CEA & EDF)
» Akind of “follow-up” of Flexblue

| IRSN has been more and more involved in the study of passive systems and SMRs
* OECD activity
* European H2020 projects (ELSMOR and PASTELS)
* |AEA regulator’s forum
» ATMEA and Flexblue Review

L yind Suanvers

- STEAM
GENERATOR

COOUNG
TANK

" IRSN focus on Decay Heat Removal or “Safety Condenser

IRSH

H#) Christophe Herer IRSN, Passive Systems and SMRs, February 3rd , 2021
https://snetp.eu/wp-content/uploads/2021/02/Presentation_Christophe-Herer.pdf 20

©IRSN



(@) RF N1/ N=2a (CBH BN EHROEREA
SEEERAHL - SMR - ¥ BY AR O 3 - REE/SMR:  IRSN

)KH’JEI%‘: SOEREPL/INTA -V X (BENBREZD) ([CHRDIZEMHTHEE

One example (Two-Phase Natural Circulation)
» System operating point (flow rate) is at the intersection of the
* Driving head (i.e. temperatures thus HX performance)
-~ “pump “ performance curve : ApgH

Reliability
* Including Human Action

' Performance
« Instabilities, Time lag — Heat transfer (tube immerged depends on several parameters)
» Models * Fluid flow system curve (i. e. Pressure loss vs flow rate)
» Pressure drops, HX — Large uncertainties

* Code qualification (coupled phenomena) X -
* Instabilities rerordry

* Parameter range |
— Low pressure, low power, low to very low velocities, ... ? ,

* Validation ) R e SR
- SET, ITS, Component tests, Coupled Effect tests and scaling issues X4

= 3D affect o g

* Uncertainties
» Unexpected impact of some parameters LI T L
» Leakages, fouling, non-condensable gas, unforeseen phenomena

W inlalde v IN5 MW trmtially stabe

Science and Technology of Nuclear Installations / 2008 A_ K. Nayak
and P. K Vijayan "Flow Instabiities in Boiling Two-Phase Natural

H#)  Christophe Herer IRSN, Passive Systems and SMRs, February 3rd , 2021 Ciroulafion Systams: A Review”
https://snetp.eu/wp-content/uploads/2021/02/Presentation_Christophe-Herer.pdf ©IRSN 21
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IRSN(Z. RELZES AT LZIREET DaxleaiEdH U CEARAATTICER D HOETE

.
Baemyi- |
| Studies on “simple” experiments Sucntebs  Snsgten ot | IE
* HERO-2 =01 ) A Ve
* PERSEO HERO-2 | /it
= = el PERSEQ
| Numerical studies on SACO o } [P e
P MW I8 o
! Studies on Reliability and Safety approaches for passive systems ,,_,'5.'.“- :E_:E
E‘:- .‘: = ‘L"'l—‘ hl
| Participation in WENRA, |IAEA SMR, OECD, H2020 projects ol el S
Boucle
| Projects on new experimental support
= Both for passive systems and SMRs
* Not related to specific components 0| | ALCINA test Loop
* More “generic” oriented objectives * Closed Natural/Forced Circulation Loop ALCINA Cuve
* Model validation (and improvemen (single and two phase) " o piscine
= Independent validation = With multiple pressure drop measurements and ____R_‘__ ,,
void measurements (in two phase configuration) i
= Several pipe diameters HEXPO
= Controlled Heat Exchangers
! HEXPO test Loop 0 débit m
* Tube(s) immerged in a pool ‘:;’:‘r: "
* With clear window for velocity measurements in pool
! EIPI test loop i
* Containment in a pool Internally heated -
= Measure of pressures and temperatures P ="—=-"i Pa T
H#)  Christophe Herer IRSN, Passive Systems and SMRs, February 3rd , 2021
https://snetp.eu/wp-content/uploads/2021/02/Presentation_Christophe-Herer.pdf ©IRSN

22




@) BIN1/~=—2a/ I EbBARHORES
S ML - SMR - B4R OB S - 25E/SMR:  VTT*

ELSMOR

towards European licensing of SMRs

* Project aiming to investigate selected safety features of LW-SMRs
* Part of projects funded by EURATOM 2014-2018 Research and

Training Programme
* Safety focus of H2020 EURATOM Programme calls

* 3.5 year research project started on 9/2019

ELSMOK

Towards European Licensing of

Small Modulor Reactors

Project consortium

* 15 partners
* 8 countries represented
* Initial consortium building by Nugenia T.A. 6

VTT Yceor (@fortum framatome

m ENEA 5 [

O "

H#) SNETP Website https://snetp.eu/wp-content/uploads/2021/02/Presentation_Ville-Tulkki.pdf

TA

Techescanomm

QOSET

ENERGORISK

T
o
E
o
o
g
]
b3
pet
o
z
a
L}
2
=

Core cooling safety

T4 >35> ROEMLEMATR >S5 —

Collaboration with European SMR
developers

= Collaboration with French SMR
developer consortium
* 3 out of 4 partners in ELSMOR

= Earlier conceptual development
version of Nuward (F-SMR) provides
some reference cases for investigation

* Passive core cooling

* Submerged containment cooling

= Similar features in various designs

French-duvuloped SMT deslgn urivebed
17 Samprn 0

o
2w el ardhdes warss KATE ) dandgn e e v i P o (1o s et s it 0
N ey S o, (AN, B0 Wrvod S ard Tonh v T W s e & sty o
. - Srming

WP
Identification of Improved
Safety features of LWR-SMRs

wp2 FRAMATOME
Development of Safety Case
Methodology

ENEA Wwea GRS
Containment safety
functions

WP7 - EduliTralning

wps
Example of application of
safety case methodology

Wp6 FORTUM
Dissemination, synthesis ana

Recommendations

©VTT 23
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* A =0 Uy DEIAFRPR
[0 DOE Nuclear Energy Enabling TechnologyZ' 0¥ 3 AlCH 3% ER &R (AMM)

Nuclear Energy Enabling Technology (NEET) JoiERi&EHM (AMM) JOJ3 A,
FRRF HREEFROIAMERKERTS 1)L FEHE
75> b #ReEOTIRIL SRR UERENE
ZEHELT201 28 LDEEE.
RFHUNOEZESTF TERAINTVZEFHOEEAZ ML, RFHDEFTE. OBFE-MEF, Ofmn
&, @ET1-IITE. @29 — MAR - #KEDA IR-23>, ©F =402 4F1L -3 BB, @FKENML-
WEIOLAD 6 DOFBDEF TEELIE,

BICRTEEENZRETOCR -1 IN-YI ONE ;?a'lst?rr?}%t;;"; Egjﬁha"e"ge
B T35 J¢— )L RS
. BR. SRENAERn * NEETIDYSLD—D

B E215-BEEiiEX AR - MRA INR-23> - SEEFRFEICERL. BEEE (AM)

m & *TD’GZ(‘_BLTéLﬂS B ESEHER 1 REE R, ACIZNEE
wRaE/ BEEFSEMNTEE (HIP) (AI) REABERFZBAL, KA,
ﬁb[]*“ & (3D>71>7) BHARER, duRBA IN—-23> ., bl

- WE-FREINITIOER ORHIERZHSZENBR,
" 70— MRE ZAN ERCHIITERONE | . oRNLISEEL. INL. ANLEOE,
phia i L BEERNS0/(— N~k
Hi#) ORNL WEBHA b
https://www.ornl.gov/news/3d-printed-nuclear-reactor-
promises-faster-more-economical-path-nuclear-energy

i #) USDOE Office of Nuclear Energy, NEET-Advanced Methods for Manufacturing Awards Summary
https://www.energy.gov/sites/prod/files/2019/08/f65/ne-amm-award-summaries072019.pdf 24
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O INL.NREL (E:ZEE£ErREEIRIVF—ZEAR) « NETL (BEXZIRNF—RRGTHZErR) O #E
(L2 BIR RFD h—RVEIRME AR ZSOERR IR+ —FReERL. B 3. T
R F BT - X FOY —ERZ IR T LR THIMEIRNF —S AT A OERAQEUHE

v Tﬁ@@“/\‘%ﬁf‘ﬁﬁ‘*@%‘mR&Dﬁﬁ%ﬂ%i

\\\\\\ BETELS A5 IA(TES), X, FIAZ@E U e ITRIILFT— - S5 LAD%NEME E
2. 1EE/ BT FT—FAZBEUEIRILT— - AT LAORNEMR -
3. BIXREFHALGBRIFREEY/R— MU, IthfaIBDKETHISZHIE T DRIDIES
4. T:F*DLX/%/{:}}_ Hls (CHIFDIRRFRIRILF— (CKBAR - BFRADCO2FIFE
5. FREMUK(CHITD IO > ITRILF—EZBWE/ \1 T Uw RiKSRERIR

v ST EBEFTYUTERBEIEARIERT (TRILE—1 > TSDIBMR - RWEIBDI=HDY — ) LEIF)
v ST AEKR(CETEoEMRIEBRERDNET - R - BACEY 3RIFE DR E

* Integrated energy system (IES), (Novel, Tightly coupled), Hybrid energy system (HES)

HE) INL, NREL Website
https://inl.gov/article/tri-lab-initiative-leads-innovation-in-novel-hybrid-energy-systems/
https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_44976.pdf?msclkid=a8ec5c43a9abllecab672e4dffc008e98
https://www.nrel.gov/docs/fy190sti/72926.pdf ?msclkid=459f6bcla9a411leca5a0696c1517fa94
Arent, D.J. et al., Multi-input, Multi-output Hybrid Energy Systems, Joule, Vol.5(1), 47-58, 2021. https://doi.org/10.1016/j.joule.2020.11.004
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H#8) NICE Future Website https://www.nice-future.org/assets/pdfs/canadian-national-laboratories.pdf
CNL Website https://www.cnl.ca/clean-energy/clean-energy-demonstration-innovation-and-research-cedir-park/ 26
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ARTIFICIAL INTELLIGENCE FOR NEXT-GENERATION NUCLEAR MEASUREMENT SYSTEMS
Physics-oriented sensor Robust, secure and adaptive sensors deployment

development and prototyping Sensor system prototyping
« Al to oplimize expenence design = On<

evice signal processing

jevice A Mar

5 é : ADVANCED
ki [ O] O] ] O] MEASUREMENTS
: : : PRODUCT
Numencal sensor desngn Sensor qualification Beyond measurements:
based simdatio - Costconstrained sensors Al-based functions

3-'-:»:—'%':»"—' cassic '* M sing A 2 iz

sulatons
H#) CEA-List #>54>t=F— 2550l List Day Asial S ©CEA-List 30

https://www.youtube.com/watch?v=T3ghHINfR-Q



@) RFN1/N—y3 /D RN RHOBIEH
> DX&AIDFEM: OECD/NEA. IAEA

OECD/NEA Digital transformation: Opportunities and challenges
for the nuclear sector
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IAEA Technical Meeting on AI for Nuclear Technology and
Applications (2021£10A)
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