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2WarsawUniversity of Technology

ÅThe largest technicaluniversity 
(Politechnika) in Poland 

ÅLocatedin Warsaw(capitalcity)
ÅProvidestechnical education since 1826
ÅUniversity since1915
ÅTop rankedin Poland among 18 universities 

of technology 
ÅStudents ~30 000
ÅAcademic Staff ~2 500
Å20 faculties(almostall engineering)



3Facultyof Power and AeronauticalEngineering

INSTITUTE OF HEAT 
ENGINEERING

INSTITUTE OF AERONAUTICS AND 
APPLIED MECHANICS

Undergraduate courses  (B.Sc.)
Å Power Engineering 
Å Aerospace Engineering 
Å MechanicalEngineering
Å Robotics

Graduate courses  (M.Sc.)
Å Power Engineering 

Å alsoNuclear Power Engineering 
Å Aerospace Engineering 
Å Mechanical Engineering and Machine Design
Å Robotics

EDUCATION AND RESEARCH
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IHE (ITC)
Å Divided into 5 divisions

Å Division of Refrigeration and Energy in Buildings
Å Division of Aircraft Engines
Å Division of Thermodynamics
Å Division of Rational Use of Energy
Å Division of Power Engineering (ZMiUE)

ü IncludingNuclear Power Group

Institute of HeatEngineering

Nuclear Power Group

Å Responsible for Nuclear Engineering Education and Research

Education:

ÅNuclear (Power) Engineering 2-year Master Programme(MSc)

ü Startedin 1959, ended1992 whenNPP Zarnowiecwas cancelled(1990)

ü Educationalprogrammerestartedat WUT in 2006

ÅPostgraduatecoursesin Nuclear Energy

ÅBSccoursesrelatedto Nuclear Energy 

ÅPhDprogramme

ÅNuclear activities also at other faculties (e.g.Faculty of Physics)
https://ppej.pl/en/news/preferred-site-of-the-first-polish-nuclear-power-plant-indicated-by-
investor

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

Research:

ÅFocus on DeterministicSafetyAnalysis

ÅTH, neutronics, SA

ÅLight Water Reactor technology

ÅAccreditedby PAA 

ÅResearchand Trainingcooperationwith PAA

ÅCooperation with  different organizations, e.g.PAA, NCBJ, Framatome and other

MELCOR:

Å Varying number of users ςcurrently ~ 2

ÅMELCOR ςmain tool which we use in SA related research

ÅWe started with MELCOR in 2013

ÅThis presentation overviews selected MELCOR activitiesin last 3 years.

INSTITUTE OF HEAT 
ENGINEERING
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PhebusFPT-1 

P. Darnowski, et. al., Uncertaintyand sensitivityanalysisof the in-vesselhydrogengenerationfor Gen-III PWR and PhebusFPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884
tΦ 5ŀǊƴƻǿǎƪƛ ŜǘΦ ŀƭΦΣ {ǘǳŘȅ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ǊŜƭŜŀǎŜ ŘǳǊƛƴƎ tƘŞōǳǎ Ct¢-1 bundle phase with MELCOR 2.2.11954, doi: 10.1016/j.anucene.2020.107700,

ü Presented@ EMUG2021

ü Cooperationwith PAA

ü Updated model with M2.2.18

ü S&U study focused on hydrogen generation

ü COR_EUT tested but large portion of inputs failed ςwe stayed 

with INT model 

ü Comparison with Gen-III PWR within NARSISproject

M2.2.11

M2.2.18
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PhebusFPT-1 

P. Darnowski, et. al., Uncertaintyand sensitivityanalysisof the in-vesselhydrogengenerationfor Gen-III PWR and PhebusFPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884

ü Monte Carlo with N=400

ü BE pdfs

ü LHS(alsoSRS)

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 ï Radial 

9 FCELA  Radiation Exchange Factors ï Axial 

10 HDBH2O In-Vessel Falling Debris HTC 

11 SC1001 ZircaloyïSteam 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 
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Gen-III NPP H2 S&U

ü Updated Gen-III NPP model

ü Within NARSIS Horizon 2020 Project ς

generic referential EU large NPP with PWR

ü Fast running simple RPV

ü Study of H2 production S&UA + FPT-1

ü LB-LOCA unmitigated

ü No Ex-vessel

P. Darnowski, et. al., Uncertaintyand sensitivityanalysisof the in-vesselhydrogengenerationfor Gen-III PWR and PhebusFPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884

Interesting issue. First LPmodelwas smallerwith only4 axaillevels. It leadto very large 
temperatures, problems with convergence and large difference in H2 production due to 
blockages near core platewith H2 prod ~150 kg



9

Gen-III NPP H2 S&U

P. Darnowski, et. al., Uncertaintyand sensitivityanalysisof the in-vesselhydrogengenerationfor Gen-III PWR and PhebusFPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884

ü Comparison of two different power profiles

ü Top peaked and FPT-1 based

ü S&UA with Monte Carlo N=400 + LHS

ü alsoGlobal analysis by NCBJ for N=3000 but 

not reported today

50% & 95%
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Gen-III NPP H2 S&U

P. Darnowski, et. al., Uncertaintyand sensitivityanalysisof the in-vesselhydrogengenerationfor Gen-III PWR and PhebusFPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884

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 ï Radial 

9 FCELA  Radiation Exchange Factors ï Axial 

10 HDBH2O In-Vessel Falling Debris HTC 

11 SC1001 ZircaloyïSteam 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 

 

ü Similar results for top-peak and FPT-like

ü Similar toFPT-1 studies
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Gen-III NPP H2 S&U
ü Comparison of LHS and SRS

Á With failed cases we should avoid LHS (see SOARCA reports).

Á We observed little difference between LHS/SRS for N=400

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

Á BEPU people claim that using LHS with Wilks is wrong

Á Wilks 95/95 margins wider than Monte Carlo 95 bands as expected

Á Sensitivity more difficult, with Wilks for parameters with low p-value we can draw false conclusions

To be pubished: NARSIS report WP4.3
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Gen-III NPP H2 S&U

ü Comparison of BE pdfs and Uniform pdfs

ü SRS, Wilks with N~ 100

ü Results similar

ü For BE more outliers ςbut small effect

To be pubished: NARSIS report WP4.3

50% & 95%
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Gen-III NPP other activites

üWithin NARSIS project other studies

ü Gen-III NPP SBO ςin-vessel + ex-vessel phases

ü EVMR studies with CMSS

ü Containment performance and Source Term studies

Newer results to be pubished, also inNARSIS report WP4.3
Older: Darnowski, P., et. al, MELCOR Simulationsof the SBO in Gen III PWR with EVMR, in: NENE-2019, 28th Int. Conf. Nucl. Energy for New Europe.
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Gen-III NPP other activites

ü NARSIS

ü EXMR studies

ü Parametric analysis for CMSS andMCCI options

Parameter Variable 
Base Case#1 

Old Defaults 

Case#2 

New Defaults 
Case#3 Case#4 Case#5 Case#6 

CAV package 

emissivity of 

oxide/metallic/ 

surrounding 

EMISS.OX 

EMISS.MET 

EMISS.SUR 

0.6/0.6/0.6 0.9/0.9/0.9 

Multipliers for surface 

boiling heat transfer 

and oxide/metallic 

thermal conductivity 

BOILING 

COND.OX 

COND.MET 

1.0 

1.0 

1.0 

10.0 

5.0 

5.0 

10.0 

10.0 

10.0 

10.0 

50.0 

50.0 

10.0 

100.0 

100.0 

10.0 

200.0 

200.0 

Mixing between 

metallic & oxidic 

components of the 

debris 

MIXING ENFOR, enforce mixing (all debris forms a single mixed layer) 

 

To be pubished: NARSIS report WP4.3
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Gen-III NPP other activites

ü NARSIS

ü Containment performance and ST

ü Comparison of rapid containment rupture and slownon-rupture 

leak(like in SOARCA Surry report)

ü I2 and CS ~1 order of magnitudedifference24h after failure

To be pubished: NARSIS report WP4.3
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Gen-III coupling with FEM

ü NARSIS

ü¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƛǎŀ C9a όa{/ϭa!w/ύ 

üWUT MELCOR

ü UniPiAging RPV ageing studies

 

Lo Frano, R., et. al. Preliminary Analysis of an Aged RPV Subjected to Station Blackout, doi.org/10.3390/en14154394

https://doi.org/10.3390/en14154394
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Gen-II studies for SAMG DM Tool

ü NARSIS project

ü NPP state database for testing SAMG DM tool (SEVERA) developed by JSI, Gen Energija, APOSS

üWUT ςresponsible for MELCOR  + NCBJ, VTT

ü Gen-II PWR reactor inputdeckwith MELCOR 2.2 

ü Comparison of ~30 different sequences selected by PSA people

ü Mainly LB-LOCAs for LP and SBOs for HP variants with different SAMGs

Bohanec, M., el. al. A decision-support approach to severe accident management in nuclear power plants. doi.org/10.1080/12460125.2020.1854426
Darnowski, P., et. al, Severe Accident Simulations Dedicated to the SAMG Decision- Making Tool Demonstration, in: NENE-2020 29thInt. Conf. Nucl. Energy for 
New Europe

 

RPV fail 
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Possible MELCOR issue
ü Alsopresented@EMUG2021

ü M2.2.9-2.2.21with PWRplant modelandACCmodel

ü Recalculatedfor M2.2.21ςno change

ü SBO+ someLOCA; ACCactivate,but in short time pressureincrease

againabovesetpoint.

ü Laterpressuredropsagainbut ACCdoesnot re-activate

ü ESF-ACC-PRSand ESF-ACC-REMindicate water presenceand proper

pressure. P_activate~4.9 Mpa, water ~70m3

M2.2.9
M2.2.11
M2.2.14
M2.2.15
M2.2.18
M2.2.21
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Marvikenactivites

MARVIKEN:
Å Vessel volume:425 m3

Å Vessel length:24.55 m
Å Discharge pipe length:6.308 m
Å Drywell volume:1934 m3

Å 3 small projects
Å Critical Flow for TRACE and MELCOR
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MarvikenςMELCOR vs TRACE

P. Domitr, et. al, The Assessment of the MELCOR2.2 Critical Flow Models Against 
MARVIKEN Critical Flow Tests and TRACE v5.0 patch 5 Calculations, NURETH-2019 

Å Cooperation: PAA, NCBJ, WUT
Å Comparisonwith  TRACE assesment, MELCOR 

2.1. assessment(SAND2015-6693R), NUREG/IA-
0401, Mosunova@EMUG2013 (same Cd)

Å MELCOR 2.2.11932

CFT
Pressure 
[MPa]

Subcooling [K]
Vessel Water 

Level [m]
Nozzle 

Diameter [m]
Nozzle Length 

[m] 

Nozzle length 
to Diameter
Ratio L/D [-]

4 4.97 38.31 17.59 0.509 - 0.609 1.976 3.882

15 5.04 30.42 19.93 0.509 ς0.5 1.966 3.862

21 4.94 33.57 19.95 0.509 - 0.5 0.956 1.878

24 4.96 32.53 19.88 0.5 0.391 0.782

MELCORTRACE
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MarvikenςGlobal S&UA

M. Spirzewski, et. al., Global uncertainty and sensitivity analysis of MELCOR and TRACE criticalflow models against MARVIKEN tests, doi.org/10.1016/j.nucengdes.2021.111150
P. Domitr, et. al, The Assessment of the MELCOR2.2 Critical Flow Models Against MARVIKEN Critical Flow Tests and TRACE v5.0 patch 5 Calculations, NURETH-2019 

MELCOR 2.2.11932

Å Cont. of previouswork.
Å Application of b/.WΩǎglobalS&U 

methodology- BIGUSA
Å Useof Sobol indicies. 
Å Allows to identify sources of 

uncertainty
Å Onlyfor a few parameters: p, Cd, T
Å Main motivationto test BIGUSA 

capabilities.
Å Tensof thousandscoderunswith 

Pythonframeworkdeveloped by 
NCBJ.

Å Comparisonof TRACE vs MELCOR for 
all Marvikentests

Reference case
Mean value from distribution
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Marvikenςall tests

M. Spirzewski, et. al., Global uncertainty and sensitivity 
analysis of MELCOR and TRACE critical
flow models against MARVIKEN tests, 
doi.org/10.1016/j.nucengdes.2021.111150

Å MELCOR and TRACE models generated 
automatically 

Å with defaults ςnot perfect
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Marvikenςnodalizationand SC senstivitystudy

aΦ ²ƱƻǎǘƻǿǎƪƛΣ et. al., A Sensitivity Study of Critical Flow Modeling with MELCOR 2.2 Code Based on the MARVIKEN 
CFT-21 Experiment. doi.org/10.3390/en14164985

Å CooperationPAA and WUT
Å Modelspreparedfrom scratch by different user 

separatelyfrom previousacitvites
Å Parametrictype senstivityof variousS.C. and 

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

SC4407(11), SC4402(1), SC4402(2)
Å Resultswith 8CV similarto 24CVs



24MelSUAMatlab tool for S&UA

ü Matlabopentool to performuncertanity/senstivity

üWilkstype or Monte Carloanalysis

ü Input asXMLfile stylizedasMELCORUnc. Toolor M-file.

ü Uses MATLAB prob. toolboxes and allows e.g. truncated

distributions, SRSor LHS,etc.

ü post-processingwith EDFfilesscripts/filesprocessing

ü Currentlyit is internal tool with no manual,but if there will be any

interest I canprepareit rapidly.

ü BETAversionavailable, GitLabrepository:

https://gitlab.com/darczu/x-core/-

/tree/master/Modules/MLC_package/SenstivityUncertanityAnalysis

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


25MelSUAMatlab tool for S&UA
ü Exampleinput

ü ContinousandDiscretevariables

ü MELCORInput VariableFunctionality

ü Issue: Failedto useVariableValuerecord

ü Issue: Failedto useCommentBlockand{{{Vars}}} at the sametime
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MelSUAMatlab tool for S&UA

ü It generatesPowerShellscriptsand folderssetupready

for runningmultiple terminalswith batchesof calcs.

ü GeneratesMATLABplotswith desiredoutput



Thankyou for your attention!

piotr.darnowski@pw.edu.pl

INSTITUTE OF HEAT 
ENGINEERING

mailto:piotr.darnowski@pw.edu.pl


28Selected Nuclear Energy related papers

WUT publications search engine http://repo.bg.pw.edu.pl/index.php/en/repository


