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WarsawUniversity of Technology

A The largestechnicaluniversity
(Politechnika)n Poland

A Locatedin Warsaw(capitalcity)

A Providestechnical education since 1826

A Universitysince1915

A Top ankedin Poland among 18 universities
of technology

A Students ~8 000

A Academic Staff ~2 500

A 20 facultiegalmostall engineering)

\AUn)
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APPLIED MECHANICS

EDUCATIOAND RESEARCH

Undergraduate courses (B.$c. Graduate courseqM.Sc)

A Power Engineering A Power Engineering

A Aerospace Engineering A alsoNuclear Power Engineering

A MechanicaEngineering A Aerospace Engineering

A Robotics A Mechanical Engineering and Machine Design
A Robotics



INSTITUTE OF HEAT
ENGINEERING

Institute of HeatEngineering
IHE [TC)

A Divided into 5 divisions

Division of Refrigeration and Energy in Buildings
Division of Aircraft Engines

Division of Thermodynamics

Division of Rational Use of Energy

Division ofPower EngineeringZMiUE
U  IncludingNuclear PoweiGroup

Too Joo T To Do

Nuclear PoweiGroup

A Responsible for Nuclear Engineering Education and Research
Education
A Nuclear (Power) Engineerigyear Master ProgrammeMS9Q
U Startedin 1959,ended1992when NPPZarnowiecwascancelled1990)
U Educationaprogrammerestartedat WUT in 2006
A Postgraduateoursesin Nuclear Energy

A BSacoursegelatedto Nuclear Energy

A PhDprogramme P T—

A Nuclear activities also at other facultiesg.Faculty of Physics)

https://ppej.pl/en/news/preferred-site-of-the-first-polish-nuclearpower-plant-indicatedby-
investor



https://ppej.pl/en/news/preferred-site-of-the-first-polish-nuclear-power-plant-indicated-by-investor

Nuclear PoweiGroup I INSTITUTE OF HEAT

Research ZAKLAD MASZYN | URZADZEN
L . ENERGETYCZNYCH
A Focus on BterministicSafety Analysis POWER ENGINEERING DIVISION

A TH,neutronics SA

A Light Water Reactor technology

A Accreditedby PAA

A Researctand Trainingcooperationwith PAA

A Cooperation with different organizations,g.PAA, NCBJ, Framatome and other
MELCAR:

A Varying number of usekscurrently ~ 2

A MELCOR main tool which we use in SA related research

A We started with MELCOR in 2013

A This presentation overviews selected MELCOR actiuitiest 3 years.
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Phebud-PT1

Presented® EMUG2021

Cooperatiorwith PAA

Updated model with M2.2.18

S&U study focused on hydrogen generation

COR_EUT tested but large portion of inputs faieée stayed

with INT model

Comparison with Getll PWR within NARSI®ject
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Phebud-PT1

U Monte Carlo with N=400

U BE pdfs
LHSalsoSRP
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No | MELCOR Field Name Description
1 [SC1131(2) Zircalloy Melt Breakout Temperature
2 | SC1132(1) Fuel Rod Collapse Temperature
3 | FUOZR Fractional Dissolution of Uranium in Molten Zirconium
4 |HFRZZR Candling/Refreezing HTC for Zirconium
5 | DHYPD Debris Diameter in Core Region
6 | DHYPDLP Debris Diameter in Lower Plenum
7 | PORDP Debris Porosity
8 |FCELR Radiation Exchange Factors i Radial
9 | FCELA Radiation Exchange Factors i Axial
10 | HDBH20 In-Vessel Falling Debris HTC
11 | SC1001 Zircaloyi Steam Oxidation Correlation
12 | IRODDAMAGE Time-at-Temperature Model
13 | TMLT Interactive Model Melting/Eutectic Temperature
14 | HFRZSS Candling/Refreezing HTC for Steel
15 | FSXSS Fractional Dissolution of Steel Oxide in Molten Stainless Steel
16 | SC1141(2) Maximum Melt Flow Rate after Breakthrough

P. Darnowskiet. al, Uncertaintyand sensitivityanalysisof the invessehydrogengenerationfor Genlll PWR an®hebud-PT1 with MELCOR 2.2. doi.org/10.3390/en14164884



Genlll NPP H2 S&U

— L1

U Updated Gerdll NPP model CUtmocel  CORARPVHS mode
IR | Tubinaiuery | MSL / /_,.,,..-/- ﬁgzerlnterna\s
') - - - - X P "’ W
U  Within NARSIS Horizon 2020 Project B ‘ _— 1 L rev s
| ED er neai V4
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DC sG | |f SG DC
(i Study of H2 production S&UA + FPT e ] J I v L
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Interesting issue. First ltRodelwas smallewith only 4 axaillevels It leadto very large
temperatures, problems with convergence and large difference in H2 production due to
blockages near core plateith H2 prod ~150 kg

P. Darnowskiet. al, Uncertaintyand sensitivityanalysisof the invessehydrogengenerationfor Genlll PWR an&®hebud=PT1 with MELCOR 2.2. doi.org/10.3390/en14164884



Hydrogen Generation

Genlll NPP H2 S&U
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U Comparison of two different power profilesg
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not reported today
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P. Darnowskiet. al, Uncertaintyand sensitivityanalysisof the invessehydrogengenerationfor Genlll PWR an®hebud-PT1 with MELCOR 2.2. doi.org/10.3390/en14164884




Norm. Fold

Norm. FoM

Norm. Fold

Naorm. Fol

Genlll NPP H2 S&U

Similar results for tofpeak and FRIike

Similar toFPT1 studies
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No | MELCOR Field Name Description

1 | SC1131(2) Zircalloy Melt Breakout Temperature

2 | SC1132(1) Fuel Rod Collapse Temperature

3 | FUOZR Fractional Dissolution of Uranium in Molten Zirconium
4 |HFRZZR Candling/Refreezing HTC for Zirconium

5 |DHYPD Debris Diameter in Core Region

6 | DHYPDLP Debris Diameter in Lower Plenum

7 | PORDP Debris Porosity

8 | FCELR Radiation Exchange Factors i Radial

9 |FCELA Radiation Exchange Factors i Axial

10 | HDBH20 In-Vessel Falling Debris HTC

11 | SC1001 Zircaloyi Steam Oxidation Correlation

12 | IRODDAMAGE Time-at-Temperature Model

13 | TMLT Interactive Model Melting/Eutectic Temperature

14 | HFRZSS Candling/Refreezing HTC for Steel

15 | FSXSS Fractional Dissolution of Steel Oxide in Molten Stainless Steel
16 | SC1141(2) Maximum Melt Flow Rate after Breakthrough

P. Darnowskiet. al, Uncertaintyand sensitivityanalysisof the invessehydrogengenerationfor Genlll PWR an®hebud-PT1 with MELCOR 2.2. doi.org/10.3390/en14164884
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Genlll NPP H2 S&U

U Comparison of LHS and SRS
A With failed cases we should avoid LHS (see SOARCA reports).
A We observed little difference between LHS/SRS for N=400

U Comparison of SRS Wilks (N~100) with SRS Monte Carlo (N=400)

Ve

A BEPU people claim that using LHS with Wilks is wrong
A Wilks 95/95 margins wider than Monte Carlo 95 bands as expected

——— PWRLHS
PWR SRS

250

A Sensitivity more difficult, with Wilks for parameters with lowaue we can draw false conclusions

Hydrogen Generation : Hyd rugun sienen?tion .
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To bepubished NARSIS report WP4.3
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To bepubished NARSIS report WP4.3

Genlll NPP H2 S&U

Comparison of BE pdfs and Uniform pdfs
SRS, Wilks with N~ 100

Results similar

For BE more outliers but small effect
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Genlll NPP otheactivites N

U Within NARSIS project other studies
U Genlll NPP SBOIn-vessel + exessel phases e e
g ADOVE EpACS =
i EVMR studies with CMSS : e B :
5 g Pit 8 - l%:'
U Containment performance and Source Term studies | £ b
| - || = d
i [}{] Q‘é L] L&)
Containment Epreading Foom T
T o U
R::;tt:r Eemaval
£ HX >
I—* Rupiure [ ] r j
e -O-re
S .
-
13

Newer results to bpubished also inNARSIS report WP4.3
Older:Darnowski, Pgt. al, MELCOBIimulation®f the SBO in Gen Il PWR with EVMR, in: RBNE 28thint. Conf Nucl Energy for New Europe.



Genlll NPP otheactivites

Base Case#1l Case#2

Parameter Variable Old Defaults | New Defaults Case#3 | Case#4 | Case#5 | Case#6
i NARSIS e | emssox
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14
To bepubished NARSIS report WP4.3



Genlll NPP otheactivites

U NARSIS

U Containment performance and ST

U Comparison of rapid containment rupture and sloen-rupture

leak(like in SOARCA Surry report)

U 12 and CS ~1 order ofagnitudedifference24h after failure
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e BESt-ESt 1O -~ - <

0 20 40 60 80 100 120 140
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To bepubished NARSIS report WP4.3
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Genlll coupling with FEM

20000 sec

U NARSIS

0! YAOGSNEAGE 2F tAal C9a
u WUT MELCOR

U UniPiAging RPV ageing studies

Lo Frano, R., et. al. Preliminary Analysis of an Aged RPV Subjected to Station Bleictimif,0.3390/en14154394



https://doi.org/10.3390/en14154394

Genll studies for SAMG DM Tool - -

U NARSIS project . - e
U NPP state database for testing SAMG DM tool (SEVERA) developed by B8&rgpnAPOS! .,
U WUTC responsible for MELCOR + NCBJ, VTT - ]
U Genll PWR reactonputdeckwith MELCOR 2.2 {—— P - J’MF l &

U Comparison of ~30 different sequences selected by PSA people g }f
B "
I—T_A]

U Mainly LBLOCAs for LP and SBOs for HP variants with different SAMGs -
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Bohane¢M., el al. A decisiorsupport approach to severe accident management in nuclear power plants. doi.org/10.1080/12460125.2020.18544. [ =zl
Darnowski, P., et. al, Severe Accident Simulations Dedicated to the SAMG DMaisiiog Tool Demonstration, in: NEI2820 29thint. ConfNucl Energy r RWST

New Europe



Possible MELCOR issue

Alsopresented@EMU@021

M2.2.9-2.2.21 with PWRplant modeland ACGnodel

Recalculatedor M2.2.21 ¢ no change

M2.2.9

M2.2.11
M2.2.14
M2.2.15

M2.2.21

SBO+ some LOCAACCactivate, but in short time pressureincrease

againabovesetpoint

Laterpressuredropsagainbut ACGloesnot re-activate
ESFACCPRSand ESFACGREMindicate water presenceand proper

pressure P_activate~ 4.9 Mpa, water ~70m3

400008

35000

30000 —

Mass (kg)

25000 -

— ESF-ACC-REM_2 (|
— ESF-ACC-REM_2
ESF-ACC-REM_2 ||
— ESFACC-REM_2
ESE-ACC-REM_2 ||
— ESF-ACC-REM_2?

20000 | L | L |
0 le+05 2e+05

Time (s)

- ]
3e+05 4e+05

2e+07W T T n
L — CVH-P_400 i
i — CVH-P_400
1.5e+07 |~ CVH-P_400 _|
CVH-P_400
I CVH-P_400 i
= — ~
& . CVH-P_400
@
5 let07 - —
7]
8
& L i
e+06
om :
0 10000 20000
Time (s)
40000m-, , ; ‘ ‘ '
— ESF-ACC-REM_1 ||
— ESF-ACC-REM_1
35000 |- — ESFACC-REM_1 |
— ESF-ACC-REM_1
ESF-ACC-REM_1 |
ESF-ACC-REM_1
2
é 30000 — =
25000 — -
20000m- I . ! ‘ \ -
0 le+05 2e+05 3e+05 4e+05

Time (s)

18



Marvikenactivites

=
-

A 3 smallprojects J_L L
A Critical Flow for TRACE and MELCOR bl

MARVIKEN:

A Vessel volume425 n?

A Vessel length24.55 m

A Discharge pipe lengtt&.308 m
A Drywell volume1934 n?

B P e T A T R R S

P T S A = AP P ]

v
— |5 |e:: N ,
e g N Instrumentation ring I
'ﬂa- ] T : s
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Marvikenc MELCOR vs TR

A Cooperation PAA, NCBJ, WUT

A Comparisorwith TRACEssesmentMELCOR
2.1.assessmenfSAND201H%693R), NUREG/HA

0401,Mosunova@EMUG2013 (same Cd)

A MELCOR 2.2.11932
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P. Domitret. al, The Assessment of the MELCORZ2.2 Critical Flow Models Against
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I\/I arVi ken C G IObal S&UA mean 1.064, std 0.097 sample

A Cont of previouswork. - AL e oo |
A Application ofb / . yREAS&U O i s s B S B
methodology- BIGUSA o L]
A Useof Sobolindicies i e e s e o —
A Allows to identify sources of L e
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A Main motivationto teSt BIGU S A Fig. 4.3. Prediction errors for MELCOR code plotted with respect to pressure. —— Reference case
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Marvikenc all tests

A MELCOR and TRACE models generated
automatically
A with defaults¢ not perfect u
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M. Spirzewski, et. alGlobal uncertainty and sensitivity
analysis of MELCOR and TRACE critical

flow models against MARVIKEN tests
doi.org/10.1016/j.nucengdes.2021.111150
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Marvikenc nodalizationand SGenstivitystudy

CooperationPAA and WUT

Modelspreparedfrom scratch by different user

separatelyfrom previousacitvites

nodalization

Most relevantfor critical flow: CDCHKF, SC4407(1),

SC4407(11), SC4402(1), SC4402(2)
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MelSUAMatlab tool for S&UA

U Matlab opentool to perform uncertanity senstivity

U Wilkstype or Monte Carloanalysis

U InputasXMLfile stylizedasMELCORInc. Toolor M-file.

U Uses MATLAB prob.
distributions SR®r LHSetc.

toolboxes and allows e.g. truncated

U postprocessingvith EDHiles scripts/filesprocessing

U Currentlyit isinternaltool with no manual,but if there will be any
intered | canprepareit rapidly.

U BETAversionavailable GitLabrepository:.

https://qitlab .com/darczu/xcore/-

/[tree/master/Modules/MLC package/SenstivityUncertanityAnalysis
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https://gitlab.com/darczu/x-core/-/tree/master/Modules/MLC_package/SenstivityUncertanityAnalysis

MelSUAMatlab tool for S&UA

Examplanput

Continousand Discretevariables

MELCORput VariableFunctionality

Issue Failedto useVariableValugecord

Issue Failedto useCommentBlocland{{{Varg}} at the sametime

Example_Input_Parametersaml X

OneDrive - Politechnika Warszawska » git > MY_PROJECTS > MATL
version="1.8" encoding="UTF-8"2}k

>
Flef >
»SC1131(2)</ E
»SC1131(2)</ >
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>[K]<S >
>2408</ >
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»Oxidation Rate Coefficients SC1881(1..6,1), Based on internal r{
»It is in fact uniform but MonUniform allows using other approach</
»@-1 is 1 1-2 is 2 .... 4-5 is 5¢</ >
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»8.24/
»8.24/
»8.24/
>No</
>
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»16828</ B
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>
>
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