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FOREWORD - triggering the need

The importance of phenomena is well established

In nuclear thermal-hydraulics ( ... already in the year
1983, Wolfert and Frisch, 1983, proposed to establish a
[phenomena based] validation matrix to be used for

performing code validations) and In nuclear
technology.

In the year 1987, the OECD/NEA/CSNI published a
document that identified systematically a set of T-

HP and tests detected from IET, “CSNI Code
Validation Matrix of Thermo-Hydraulic Codes for LWR

LOCA and Transients”, followed by another report
(1989) setting the connection between T-HP and

ECCS (“CSNI SOAR ON TECC?”). 3120




FOREWORD - scope (1 OF 2)

The original scope for TH-P related activities and
related reports was the Design Basis Accident
(DBA) in selected PWR (e.g. excluding VVER) and
BWR (e.g. excluding NC BWR).

The scope for the present list (116 TH-P) includes
all Water Cooled Nuclear Reactors (WCNR) — and
AM measures with coolable core geometry,
noticeably NOT INCLUDING current Design
Extension Conditions (e.g. ballooning process, H2
generation, clad ruptures, etc.).
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FOREWORD - scope (2 OF 2)

WCNR .~ DBA ENVELOPE
. DESIGN & OPERATION ‘ Including Accident Management &

Coolable Core g_&nnutry

NUCLEAR THERMAL-HYDRAULICS

+ NPP data

| prene SYS-TH CODES
. Basic data V&V & SCALING
+ Models / Correlations results UNCERTAINTY

« 5YS TH codes applications
+ Involved areas: PS, 55, BoP,
Cont., Sub-channel

PHENOMENA

5/20




ISSUED PAPER

Nuockaar Esgimacoring amd Desdem 350 (3115 166155

Combenis lists available at Sciencs=lbr=ct opucienar | sp———y

Nuclear Engineering and Design

jounmmeal homepage: wesew . ols swvier o ormsSloeca e o o gpdes M ]

Thermal-hydraulic phenomena for water cooled nuclear reactors | Yy |

M. Alsan®™, F. D Aaria™*, H. Glaeser®

= fendfSe Cormiliors, Holdenatrooe 895, NS5 18 Soooboormeen,  Senkrerfond
= ESTEC AR MR, Uhdeor ity of Flia, VEa Liamos 5590, San oo a Gnoada, SE68 000 P, kol
= Comudtos, Haobssroos ® F55E Seng deomane

A RTICLE I WNFL» AB ST R ALCT
e yearowrcEr Moslsar Reacsor Sadeny (MRS ), Deeneen indstrhe Sadeny Assesorment (DAY ared Aueoc bohena Aunalesis (AA ) oo mome T
e s aereeral Srarrervecel Sor ther Togpds o oEer pseSen T paapeer. Ther class of Wamer-Coesded Mockear Aeacrors (W R
B oorenerreesd. Thiks foeclockes oo of e Doclear reaciors o operaom, orecker oo e o or o ecdhvamecesd chesl an
“_"-";J' v mage Th e regm bred B o sing perosexs for e neaciors, @ne S meeeor-snary o Sene s o esmibil sh e oo o
S e :-]:rr.:r ;.
PR mher perrdcerryerd aosteivy

Bt Fadion ane (B E) sy=awemmn thesrmmal-h sl b coches anes adop wesd oo Jesrocarstrane e sadery of WEIR bassed om
M, maen el foemecieegg oon e Sl of Diesigen Basks Acckdengs (DAAR) D ke oo ared, shee val fa oo of'  HF ooedes
Is a mercessary sap o proess Seeir apndie o fliny o calcnlase aoc bohen T sornarikos Cm e octeer hared aiee oo eckae
ol @i e eoEnaed oo i s e mesgodieesen ey forr See Cesslian and e opesradom ool W R Thee valbkda thom o BE aoeches and
mer EorecvrkedEe of aocRlenT aoenmarkcs meamcks ther ddenmfcartiom and e chamoresizavion of Theermoal -pecraolic
Fherreoarresna [ T-HP

A sy of 116 T-HF is derheead o nler peoresent papees, Doy o e Goecnrents bewosd o oh e lasy deres decacdes by
mer Conmodmas on thes Sadery of Mockrar Irocmilladors of Mockar Frergy Agency of The O rgpndzateon oo
Foouresarnd o Coennesarhon arsd Dewsdop reesnt 0RO EAATSNT) arsd by e Inoerman omasl Avcond: Freesgy Agsmssy
MAEAR The T-HF Ha incockes ohe coresd derarkon of Separate Effect Tess (SETH and Ioaegmid Effess Tess (IETH
melewant G Raeaes acer Cond sy Syeanenn (RS | arsd Coares e s o WCHRS A doe e WOCTH mppers aene ooareihd e aend
Sreclin e Presaorizad Waesr Feacsoss {PWRsS), Boldling Waes Reacscoers (W Rs)E, Rossian deshan neacsor TEpses (a3
TWER- 4480, VWWER-1O0D0 and FAMEK L peessone Dol Damd v e nems ios chesbanes in Canada (AT and dn India
PHWHR) and socallad dvamncoed” neacaors (o the newn of dhis pagess, Sy ane oonsUioess assizoed as “THewr
Feacaoers™ b widch ane ales agoipped with pesshee spsaeans (dor doemnoe, AP- 1000 ard AP R- 1400 O sdigmeed in 135
ared Fomma | respens ey

Each T-HF can b charamerised by ome or oo parasnesess oF wmriabdes wihich ane pasry of oo erbeal moccdels
ared corsstome calon kol resolvs froon aestern SoehEn A crccks Hmdc percerens cam Ber esmaly Bskeed Rerrweeen T-HF,
pararnearrs and DEA Scemarks The basis for the proscess amned seeored oross-link eramn ples ane prowedsd and
i

A vasiery of o plicachons for the T-HP st b sovisageed o oo chear 1heeen ol hpcranbies. Tocsbahbos are @ wen S o
ey in relashom o e e o plhereoererna - a b o ackdness thee acalingg deeoe bl o disringukeh Deerersen ooorrsT imor e
aguadors pas of thee balamess sguashors amnd “speecial meccdels” o BE spswemmn ooechesn o o prd o mize ressanch dn
meneclea s reas e Theeenn ol -brpcranlkc s

Sy of s ol i
iy wesrma 1 el




ORIGINATING DOCUMENTS*

mance of thermal hydraulic codes, “CSNI Code Validation Matrix of
Thermo-Hyd raulic Codes for LWR LOCA and Transients”, OECD/NEA/
CSNI, 1987, The report included all phenomena expected to occur in
plant transients and LOCA analyses. This was followed by another re-
port where the connections between T-HP and the design of ECCS were
established, OECD/NEA/CSNL 1989,

validation matrix, OECD/MEA/CSNL 1994, Then, an updated integral
test validation matrix report, OECD/NEA/CSNL 1996, the VVER vali-
dation matrix, OECD/NEASCSHI, 2001, and the cmtainment phe-
nomena validation report, QECID/NEA/CSNI, 2014, were issued. The

and at the International Atomic Energy Agency (IAEA): those efforts
resulted in references DiAura et al. (1992), Aksan and D'Auria (1996),
and IAEA (2009),

Within the framework of a recent activity for issuing a book on
Thermal-Hydraulics in Nuclear Reactors, D'Auria [Ed.], 2017, an in-

® The documents mentioned in the previous two paragraphs, plus

related follow-up investigations, e.g. Pochard et al., 1994, [Auria
et al, 1995, D'Auria et al, 19953 OECD/NEA/CSNL 1997, and
Aksan et al., 1997,

MNatural Circulation and other T-HP expected in the operation of
passive systems following accident scenarios noticeably in advanced
reactors as given by references IAEA, 2001, IAEA, 2002, LAEA, 2005,
and IAEA, 2012

T-HP expected in heavy water moderated, channel type Canadian
Deuterium-Uranium (CANDU) reactors, e.g. IAEA, 2003, and Prosek
et al., 2004,

T-HP expected in heavy water moderated and cooled, vessel type
Pressurized Heavy Water Reactors (PHWR ), e. g D'Auria et al., 2008,
UNIPI-GENSPG, 2008, and D'Auria et al., 2012,

T-HP expected in graphite moderated, boiling water reactors,
Russian type RBME, eg. D'Auria et al, 2005, and D'Auria et al,
200Ha.

Transient scenarios in containment, in addiion to the already
mentioned document (OECD/NEA/CSNI, 2014), eg. OECDYNEA/S
CSNI 1986, OECD/NEA/CSNI, 19893, and OECD/NEA/CSNL 1999,

... SUMMING UP TO SEVERAL «1000» PAGES

* clear-blue reports listed in the ISSUED PAPER.
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BRIEF HISTORY

'LBLOCA DB: LOFT, Semiscale, etc. R SRR
~ 1980 Establishing TH Task Group at CSNI

1987 ITF CCVM including phenomena list —: SBLOCA DB:
= Operation of E -
1989 SOAR on TECC BETHSY, 1.OBI, -
) = llll;llllllll.lll.ll LSTF, SPES, -);
1993 SETF CCVM including phenomena list || L. << %
¥
D/AD P & !
1996 Final ITF CCVM = Start of interest for | —— =1 Z&
— ‘New’ reactors at CSNI -
2010 ' .
I == Containment activity at CSNI e
2014 present activity

9{_ ID of phenomena in ‘New ‘reactors at IAEA

I.e. activity leading to the ISSUED PAPER
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LIST OF 116 TH-P (alphabetic order)—1 of 6

1D PHENOMENA ID TYPE | REACTOR | DETAILS & NOTES
G-1-A00 Acournulator behawour SETF
|-1-A5Y-L Adgmeneatric loop behaviow ITF 2
I-3-A%Y-[ Agwrmnaatry due o the presence of a dam ITF Shutdown conditions
B 1O H-C Behavior of check valves Indhuding BWR-P52 vabaes
Behavior of containment emergency systems (e.g. PCCS) Sea A-2-CE-C
A-3-CMT-L Bahavlor of core make-up tanks New Reactors
&-4-0L-c Bahavior of density locks
A-5-PL-¢ Behavior l}'rE"f"'lE"HE ncy heat exchangers inttuding FRAR and IC
&-B-POD-¢ Bahavior of large paols of ligued
I-3-B0 Blaardawn ITF/SCTT Basic PHW rather than PH
|-A-MCRD Bailer condenser made {of HC) ITF I -0
Bail-off ITE/SETE Basic See B-3-EV2
5-2-B0 Baran mixing and transgort (aleg A-13-800) SETF "R Aleg ITF
5-3-CCF1 CCFICCFL-Channel irdat orifice BWER
5-4-CCF2 CCF A OCFL-Daowncomer
5-5-CCF3 COFJOCFL-HL & CL SETF R
Seb-C LR SR AOCFL-5G tubes
5-7-CCF5 OCFPOCFL-Surpelins
Si-H-CCFB CCFOCFL-UTP R
Centrifugal pump See Impeller pump

EACH PHENOMENON IS DESCRIBED IN:

VAuna, F (Ed), 2017. Thermal-Hydrailies of Wates

Wostsdhe ad Publishing

Cane]eg]l Muelesr Bese

tors. Elkeyien

/20




LIST OF 116 TH-P (alphabetic order) —2 of 6

|-5-8C Channel and bypass axial ow and woid distribution ITF BWR

I-E-CLIOM) Collapsed lewal behavior In downcgmar ITF B'WR See also phase saparation

E-1-COH Conde rsation due to heat removal Dakirc N/A

B-2-0C0p Caondensation due to pressurization Hamic

5-9-C01 Condersatian in stratilied conditions-Harzantal Pipes Py ?flﬂ'l.'.l'"

5-10-002 :'nn.':pns.n-n"n !n ':'.'.if!fl["d nnﬂd!r!nrq-l*HJ’ SETF PR

5-11-003 Candersation in stratified conditions-5G-P5

5-12-C0d-¢ Condersation in stratified conditions-5G-55 & BWER-F39 BWR Also BWR wet-well

8- 3-CE-C Containment EMETZRNCY SyStems incleding passeeg cooling flsn WNew Roactors Ind .||:|in£ passive condenser
Conthinment predeune and termgeratiure ITF Sea |-18-PRE & 5-42-MOOC

5-62-CPC Cortalnment pump performance Including sump dogging (added T-HP) SETF A

|- F-C0OTH Care thermal-hiydraulics ITF HWER See Glabal malti-D
Core wide void and Mow destribution ITF Sew Ghobal multi-D

S-1Z-LHGT CRGT flash ng 2ETF BWR

&-7-CS0C Critical and supercritical flow in disc Targe pipes Mew Reactors Alug CANDU and REME
Critheal flow 5ee TPCF
Lritical Fawar Ratio ITF BWR Sow HT CHF
De-antrainment See Entrainment
Depressurization See Blowdown

S-14-ECCH ECL bypass/Dawncomer penatratian SETF WE
ECC mixing and condersation ITF See Liguid vapor mixing

5-15-F111 Ertraimiment/De-artralnmens-Core &)

5-16-ED2 Ertrainment/De-antrainment- Downcamer

5-17-E03 Ertralnment/De-entralnmeni-Het leg with ECCI spTE

5-15-E04 Ertrainment/ De-gntrainment-SG miving chamber "WH

5-19-LO5 Entrainment/De-antrainment-50 fubas

5-20-E0G Ertrainme "l'.|"|.'-|E‘-E'I'l|Zrii|"|r“'|E ni-LF

EACH PHENOMENON IS DESCRIBED IN:

FAuna, F (Ed]), 2017. Themal-Hydrailies of Wates

-
B

Wostnthe ad Publishing

wrlesd Muclear Beactor. Eleyie
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LIST OF 116 TH-P (alphabetic order) —3 of 6

Evaporation due to depressurization (including at geometric discontinuities® )

B-3-EW1 Sasic NYA * reversible part
E-4-EWE Evaporation due to feal ifput Basic '
|-l Flow thepugh openings ITF Shatdown conditions
§5-21-GM1 Global multi-0 fluid termperature, void and flow distribution-Cane PWERSAR
5-22-Gh2 Glabal multi-0 fluld ternperature, vobd and flow distribution-Downoomer SETE
G2 EGANE Glabal multi-0 fluid termgerature, void and flow distribution-5G 5% W
5-24&-GMAd4 Glabal multi-0 fluid terngerature, void and flow distribution-U2
A-B-G0A Gravity driven reflood Mew Reaclors
5-25-HOHT Horirontal heated channel HT [added T-HP] SETF CANDU |I'Ill:i.ll:||l" HT below
5-265-HT1 HT [MCD, FCO, SMB, SANB, CHF/DNE, post-CHF|-Core, 3G, structures
G2 7-HT2 HT [radsation]-core SETF &) Inchuding WWER candtans
5-28-HT3 HT |condensation|-5G strctures
A-E-HTCD-C HT condensatian In containment structeres, with or w)o non-condensable Mew Reaclors Alez coptalnment
S-29-10APL impeller pumg behawviar SeTE | &, External pumps
Instability {in boilng channels) SETF/ITF Sea 5-44-PCEI
B-5-IF1 Interfacial friction in harizentad flow dasic NIA
B-G-IF2 Interfacial friction in wertical flow Basic )
I-G-THIC Intarmitient 2-phase KT ITF P R-0
5-30-1PU Internal pump behavior [specific geometry) [added T-HP] SETF ARWR s AP-10HK)
5-31-1PU let purmp behawior SETF BWR
5-32-LA Liquid apcumulatan (n orzontal 56 tulbes ITF TWR-V
Liguid carry-pear Soe Entrainment & |-24-581
A-10-LT5-c Liguid temperature stratification Mew Reactors
5-33-LVM 1 Liguid-Wapor mixing with condensation-Core SETF I bl

EACH PHENOMENON IS DESCRIBED IN:

FAurna, F. (Ed.], 2017. Themal-Hydraulics of Water Cooled Nudléear Beaactors. Elevier
Wostnthe ad Publishing
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LIST OF 116 TH-P (alphabetic order) —4 of 6

1D PHENOMENA ID TYPE | REACTOR | DETAILS & NOTES
5-3-LVM2 | Liguid-Vapor miking with condensation-Downcomer® - )
B-A5-LVIE Liquid-Vapor mixing with condensation-ECCI in ML and CL . PR AI""_ ITL_' _I '.'!:|IJ|:|II'IE cold
. kot liquid mixing (3D effect]

5-3b-LWVM4 Liquia-Vapor mixing with condensation-Lower |‘.'I|-E‘!"'IJI"|"|‘I SETF

5-37-LNM5 | Liguid-Vapor mixing with condensation-5G mixing chamber T~

5-38-LVMbE | Liguid-Vapor miking with condensation-LP

e L B T Laop seal lilling and clearance [or clearing SETF PR Alsa ITF

S-A40-LPE LF entrainmeant SETF FW R

5-11-LPF LF flashing SETF PYSRBWER Saa also Blowdown
Mixture level & entrainment-Core, downcomer and 56 55 ITF Sae Phase separation

I-10-MNC1 NC, 1-phase & 2-phase-P5 & 55 PWR/BWR 55 only for FWER

I-11-NC2 MC core and downcomer EWR

I-13-NiCH NC core bypass, hot and cold bundles ITE B, CANDUY | *alan REME

I-13-WC4 WL cora, gap, downcomer, dummy elemeants FWR-V

I-14-NC5 NC core, vent vales, downcomer PWR-O

|- 1 5=-NCE ML with horizontal 5G PMWR-Y

A-11-NC NC BPY and coptainment & various system configurations MeEw Reactars Alva containment

5-42-NC0-¢ | Natural convection and H2 distribution SETF Inside containment

5-13-NCG Won condensable gas effect including condensation HT in RES SETF FWR Alsa ITF
Muciear fual behawior SETF/ITF Sae |-29-NTF2

I-16-NTF1 Muckear thermal-hydraulics feedback and spatial effect {see also 1-29-NTF2) ITF BWHR Al RBME, ABWE, eic.
Nuckear thermal-hydraulics instabilithes ITF BWR See l-16 and 544

EACH PHENOMENON IS DESCRIBED IN:

FAurna, F. (Ed.], 2017. Themal-Hydraulics of Water Cooled Nudléear Beaactors. Elevier
Wostnthe ad Publishing
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LIST OF 116 TH-P (alphabetic order) —50f 6

5-A4-PLEI Farallel channel effects and instakbilities FCEI 5ETF BWR
5-415-P5E Fhaze separation at branches [including effect on TRCF) SETF Also ITF {T-branches)
S=d6-Phl Phase separationfvertical flow with and wfo misture level-Core alen ITF
a4 F-F5d Phase separation/vertical flow with and wfe misture level-Downeomer SETF Al
5-1H-P53 Phaze separation/vertical flow with and wfo mixture level-Pipes & Plena
[-13-PFU Fool formation in UF ITF PWR Soa also 5-8-CCFR
B-7-FD-c Prassura drops at F:I:'I:lmn:.'l:'u:. :llsc-:-.rtl'm! 5, including containment Basic N Aeo New Beactors
B-8-2W Prossure wave propagation including CIWH Basic
I-18-FRRE Pressure-lemperature increase & bBailing due to enesgy and mass inpul ITF PUWEWR Containment B Shutdown
I-159-FRE PRE thermal-hydraulics ITF PWH
5-15-0F1 OF propagation/rewet-Fuel rods SETH PWR/BWE
5=50-(1F2 QF propagation/rewet-Channel walls, Water rods EWR
I-j'-'l.'.l- FF Befill including loop refill in PWE-O TE PR/ SR PHW rather than PH
I-21-RE Reflood
-22-RCA Reflux condenser mode and CCFL ITF PR

Return to Nucleate Boiling (RNB) See Reflood & QF
55 1-5EP Separator behavier (&7 flooding, steam pepetration, liguid carm-over) SETF PWR,/BWR "Mainky lar BWER
I-23-51F 5G siphon dralning (56 interaction with E5F, Including gravity driven) ITF PR Shutdown conditions
5-03-5PR-c | Spray effect=-Containment (added T-HP) SETF Al
5-52-5PR1 Spray efacts-Core (including cooling and distribution) BWR
5=53-5PR2 Spray effects-0T56G 535 SETF FYR-0
S-5d-5PE3 Spray effects-PRZ PYWR

EACH PHENOMENON IS DESCRIBED IN:

FAuria, F (Ed]), 2017. Thermal-Hydralics of Water Cooled Nuclear Beactors. Elevier
Wosteihhe ad Publishing
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LIST OF 116 TH-P (alphabetic order) —6 of 6

[-24-58] Ateam binding (lguld carry-owver, ete ) ITE PWR

5-55-50R Steam dryer behavior SETF PWR/BWE fainky BWE

|-25-5LD Ateamn line dynamics ITF EWR

5-56-5TH Stratification in harizrantal flow-Pipes (in 1-phate & Z-phase conditions) SETF PR Alen ITF

A-12-BO Stratification of Boron New Reactors Saa 5-2-80

I-26-5HH Structural reat and heat lossas ITF All scaling issue

[-27-5ULI Surgeline hydrawlics ITF FYWR

|-28-5H Superheating in OT5G 55 ITF FWR-0)

I-29-NTF2 Thermal-hydraulics — Nuclear fuel feedback (See also -168-NTF1) ITF al H2 par 1 & ballaoning

5-5F-HOAG | Thermal-hydraulics of horlzantal 56, PS and 5% SETH FWR-V

5-58-0T5G [rermmal-hydraulics of OT5G, P5 and 55 SETF PWR-O See spray effect OT5G

5-558-CF1 TPCF-Broaks Jet impingemeant, jet thrust

S-Gil-CF2 TPCF-Pipes SETF Al and pipe whip to be con-

5-61-CF3 TPCF-Valves siderad here

A-13-MNCG Tracking of non-condensable gases New Reactors See 5-13 NCG & containment
Valve leak flow [connected with construction, operation, maintenance) ITF See also TPCF Valves
Vapor (or steam) carrp-under ITF Sew 5-51-5EP & 1-10-NC1
Wapor pull through SETF See 5-45-P5H

5-5d-VEB-¢ | Ventllation Blower characteristics jadded T-HE) SETF All

[-30-WCP Vald collapse and termperature distributicn during pressurization ITF BWR Also Basic condensation

B-9-FR ‘Wall to Auid friction Basic NiA
Water accumulation in horizantal 5G tubes ITF PWR-V See Liguid accumulation

EACH PHENOMENON IS DESCRIBED IN:

FAuna, F (Ed), 2017. Themal-Hydrailics of Water Conled Nuclesr Reacta

Woststhhe ad Publishing

. ElEeyien
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LIST OF WCNR AND ACCIDENT SCENARIQOS (AS)

WCNR
Mo  WNE ID Eey Destign Featune Notes
1 PWER U-tiibes Steam Generaors (5G], 2-3-4 loops, ECCS in (L. and/for HL Reference WONR, OECD/NEAS
2 [WE Jet Pump or Intemnal pumps, or with exterml recireulation loop NEACSNI, 1956
3 PWROTS:  Once Through 5G, 2 loops, foar cold legs, two hot legs, vent valves inside RPY
4 WER-40d  Horizontal Tube Steam Generators (HOSG), 6 loops, loop seal in hot leg, hexagoml Fuel Asembly  OECD/NEA/CSNT 3001
(FA) with tiangular pitch
3  VWVER-1000 HOSG, 4 loops hexagom] FA with trdangular pitch
6  CANDU Chamne] type, horizntal/cylindrical FA, channel inkt and outlet keders, headers, heavy water,
atmosphenic préssure moderstor tank
7 PHWE Vesel type with chameks, vertical ‘eylindrical FA, moderaior cooling loops, heavy water
&  EEMEK Boiing channel type, vertical/eylndrical FA, channel inlét and outlet feeders, graphie moderated
9  AP1(D No loop seal, passive BOCS [AEA, 2005, 2009, A2
10 APR1400 Pagive ECCS i 5G
11  EPR Evolution of FWR Same a5 WCNRE No 1
12 SMR PWE-Loop type equipped with HOSG, mmersad into the s Diifferent designs available
11 ARWER Intemal pumps Same a5 WCNRE No 2

15/20




LIST OF WCNR AND ACCIDENT SCENARIOS (AS)

AS - ‘ALL’ DBA

3

Aocident Seenarig (AS)

Wi{NE

o ed o U A =

e
b = 2

HEEERI8GE

]
L

g

ATWSE (Anticipa®ed Tramiant Withaut Scram)
Boran dilwion®

Critical Hest Flux (CHF)

Comtaimment perdonm smee®

(RE [ Contml Raed Ejection)

FCE (Fuel Chemmel Blockage)

FWLE {Feadwater Lins bresk)

HEEE. {Header Break)

IBELOCA (Large Break Loss of Coolant Accident)
LCCAW (loss of Companert Cooling Servioe Water)
LOFA [Lees of Flow Accident)

LOFW (Loss of Feed Watar)

LOOSP {Lass o Om- amad OHF-Site Paweer)
MBLOCA {Medium Break Loss of Codlant Addcident)
MCParip (Main Coalbnt Pump tripl

MPTE (Multiple Pressure Tabe Eupiime)

MELE (Main Steam Line Break)

NC (Matural Circubstion )

PRISE (Primary 1o Secondary [lealage])

PTE (Presmuniasd Thermal Shock i*

FIA (Reactivity hsertion Aocident])

EELOCA (Small Break Loss of Coolant Adccident)

EED { Bation Blackout)

BGTR (SEam Geenerator Tubs Buptume )
SH-I} (Shutdaown [ tr=msient])

TT {Turhine Trip)

ABWE, BWE, PWE
PWE

ABWE, APT{skD

PWE

EENME

AFE1 400

CANDLU, REME

AP1D, BWE, EPE, PHWE, PWE
PWE

EFE

PWE

VWVER- 1M}, BWE, CANDIL

PWE

YWWER- 10

EEME

PWE, PFWR-OTSG

PWE, PFWE-OTSG, VVER-440, VWER- 1000, CANDL
YVER-4-40

AP1DD, APRE140DY, BWE, EFE, PWE*, PWE-OTSE, VWER
1. e+
APER] 40, PWE, VWIER-1 (s
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CROSS-LINKING

THE FOLLOWING CROSS-LINK IS CREATED AND DESCRIBED:
(GP = Generalized Parameter characterizing TH-P and AS — [TP used instead of
TH-P in table below])

WCNR 4mmmp AS qummp TH-P 4ummp GP

/ | \ {:- % = - = . £
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g ‘|(|” ] l‘ /l ' | 100 g g ACCIDEANT SCTNARIC V5 1 3 i | a | & 7 [ ] i | 1 i | 14 1%
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] ,\sm | ] | LASYL WSLE 1 A T A
' L7788 ' H |-2-A5Y-0 D F P F
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: ' 5 [N EONT-1 W n n
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14 e : r-200 7 A-4-0L LOFW-PRE* L L4
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DETAILED PROCEDURE & APPLICATION ARE DESCRIBED IN:
NAura, F (Ed.]), 2017, Thermal-Hydralics of Water Cooled Nuclesr RBeactors. EBevier —
Wotsithe ad Publishing 20




INNOVATION & PERSPECTIVES

ALL NEA/CSNI & IAEA
REPORTS 1980-2017

we are here
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CONCLUSIONS AND WHAT IS NEEDED

116 THERMAL-HYDRAULIC PHENOMENA IDENTIFIED BASED ON
A COUPLE DOZEN DOCUMENTS ISSUED BY OECD/NEA AND IAEA.

FURTHERMORE

47 AS, calculated in relation to 13 WCNR, discussed in 68 reference
documents (RD), utilizing 15 GP have been cross-linked with 116 TH-P
in order to prove the origin of phenomena

WHAT REMAINS TO BE DONE (AT LEAST:

A) Endorsing/expanding (as needed) the list of phenomena

B) Connecting the phenomena with 5 ‘BEPU ISSUES’.
Scaling, V&V(&C), New Models, New Experiments, Uncertainty

C) Preparing Knowledge Management database (e.g. for future training)
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