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Warsaw University of Technology

* The largest technical university
(Politechnika) in Poland

* Located in Warsaw (capital city)

* Provides technical education since 1826

* University since 1915

* Top ranked in Poland among 18 universities
of technology

e Students ~30 000

e Academic Staff ~2 500

e 20 faculties (almost all engineering)
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Faculty of Power and Aeronautical Engineering

Undergraduate courses (B.Sc.)

Power Engineering
Aerospace Engineering
Mechanical Engineering
Robotics

BN INSTITUTE OF HEAT
L% ENGINEERING

I‘aculty of Power and
Aeronautical I:ngineering

)
9 APPLIED MECHANICS

EDUCATION AND RESEARCH

Graduate courses (M.Sc.)

Power Engineering

e also Nuclear Power Engineering
Aerospace Engineering
Mechanical Engineering and Machine Design
Robotics




Institute of Heat Engineering

IHE (ITC)

 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 of Power Engineering (ZMiUE)
» Including Nuclear Power Group

Nuclear Power Group

* Responsible for Nuclear Engineering Education and Research

Education:

* Nuclear (Power) Engineering 2-year Master Programme (MSc)

» Started in 1959, ended 1992 when NPP Zarnowiec was cancelled (1990)

» Educational programme restarted at WUT in 2006

* Postgraduate courses in Nuclear Energy

e BSc courses related to Nuclear Energy

* PhD programme

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

investor
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Nuclear Power Group INSTITUTE OF HEAT

Research: ZAKLAD MASZYN | URZADZEN
o _ ENERGETYCZNYCH
* Focus on Deterministic Safety Analysis POWER ENGINEERING DIVISION

* TH, neutronics, SA

* Light Water Reactor technology

* Accredited by PAA

* Research and Training cooperation with PAA

* Cooperation with different organizations, e.g. PAA, NCBJ, Framatome and other
MELCOR:

e Varying number of users — currently ~ 2

e MELCOR — main tool which we use in SA related research

e We started with MELCOR in 2013

e This presentation overviews selected MELCOR activities in last 3 years.




Phebus FPT-1

Presented @ EMUG2021
Cooperation with PAA

Updated model with M2.2.18
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P. Darnowski, et. al., Uncertainty and sensitivity analysis of the in-vessel hydrogen generation for Gen-lll PWR and Phebus FPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884

S&U study focused on hydrogen generation

COR_EUT tested but large portion of inputs failed —we stayed

Comparison with Gen-lll PWR within NARSIS project
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P. Darnowski et. al., Study of the material release during Phébus FPT-1 bundle phase with MELCOR 2.2.11954, doi: 10.1016/j.anucene.2020.107700,
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Pearson, Spearman, Kendall Corr. Coeff.
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P. Darnowski, et. al., Uncertainty and sensitivity analysis of the in-vessel hydrogen generation for Gen-lll PWR and Phebus FPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884



Gen-Ill NPP H2 S&U

» Updated Gen-lll NPP model

» Within NARSIS Horizon 2020 Project —

generic referential EU large NPP with PWR [z =
> Fast running simple RPV Ll
» Study of H2 production S&UA + FPT-1 i
» LB-LOCA unmitigated
» No Ex-vessel
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Interesting issue. First LP model was smaller with only 4 axail levels. It lead to very large
temperatures, problems with convergence and large difference in H2 production due to
blockages near core plate with H2 prod ~150 kg

P. Darnowski, et. al., Uncertainty and sensitivity analysis of the in-vessel hydrogen generation for Gen-lll PWR and Phebus FPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884



Gen-lII NPP H2 S&U

Comparison of two different power profiles
Top peaked and FPT-1 based

S&UA with Monte Carlo N=400 + LHS

v VWV VYV Vv

also Global analysis by NCBJ for N=3000 but

not reported today
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P. Darnowski, et. al., Uncertainty and sensitivity analysis of the in-vessel hydrogen generation for Gen-lll PWR and Phebus FPT-1 with MELCOR 2.2. doi.org/10.3390/en14164884
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Gen-lII NPP H2 S&U

» Similar results for top-peak and FPT-like

> Similar to FPT-1 studies
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Gen-Ill NPP H2 S&U —
091 PWR SRS
0.8
» Comparison of LHS and SRS 0r
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Gen-lII 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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To be pubished: NARSIS report WP4.3
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Gen-IllIl NPP other activites

» Within NARSIS project other studies
» Gen-lll NPP SBO — in-vessel + ex-vessel phases
» EVMR studies with CMSS

» Containment performance and Source Term studies
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Newer results to be pubished, also in NARSIS report WP4.3

Heat Remioval

Hx

=

Older: Darnowski, P., et. al, MELCOR Simulations of the SBO in Gen Ill PWR with EVMR, in: NENE-2019, 28th Int. Conf. Nucl. Energy for New Europe.
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Gen-IllIl NPP other activites

Base Case#1l Case#2

Parameter Variable Old Defaults | New Defaults Case#3 | Case#4 | Case#5 | Case#6
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Gen-IllIl NPP other activites

» NARSIS
» Containment performance and ST

» Comparison of rapid containment rupture and slow non-rupture
leak (like in SOARCA Surry report)

» 12 and CS ~1 order of magnitude difference 24h after failure
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To be pubished: NARSIS report WP4.3
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Gen-lll coupling with FEM

20000 sec

» NARSIS
» University of Pisa FEM (MSCOMARC)
» WUT MELCOR

» UniPi Aging RPV ageing studies

FE analysis

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



https://doi.org/10.3390/en14154394

Gen-ll studies for SAMG DM Tool {1 - -

» NARSIS project . 3 &n
» NPP state database for testing SAMG DM tool (SEVERA) developed by JSI, Gen Energija, APOSS

» WUT - responsible for MELCOR + NCBJ, VTT |
. . 3 B ]
» Gen-Il PWR reactor inputdeck with MELCOR 2.2 L i
L]

» Comparison of ~30 different sequences selected by PSA people

"
» Mainly LB-LOCAs for LP and SBOs for HP variants with different SAMGs — ek
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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 29th Int. Conf. Nucl. Energy f

New Europe



Possible MELCOR issue

YV V V V

Y

Also presented @EMUG2021

M2.2.9-2.2.21 with PWR plant model and ACC model

Recalculated for M2.2.21 — no change

M2.2.9

M2.2.11
M2.2.14
M2.2.15

M2.2.21

SBO + some LOCA; ACC activate, but in short time pressure increase

again above setpoint.

Later pressure drops again but ACC does not re-activate

ESF-ACC-PRS and ESF-ACC-REM indicate water presence and proper

pressure. P_activate ~ 4.9 Mpa, water ~70 m3
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Marviken activites

JA)
\J
* 3 small projects
 Critical Flow for TRACE and MELCOR . sl
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* Vessel volume: 425 m3 gl K
* Vessel length: 24.55 m o [ st f
* Discharge pipe length: 6.308 m e B
g | okt I
* Drywell volume: 1934 m3 2 - G
| ) B
=== |3 o2
— ] [+ I ARl .
I I A Ladb © 8.4 Ca |9 Instrumentation ring I
=1 |27 B e 193
Nozzle D L (WO [2 L3 L4 R Used in S| | ;%Fﬁ{‘;""a oo,
type tests M [2== g
no mm mm mm mm mm mm mm no —_— ﬁj ';I: RERE G ]h‘ﬂ é;r Test nozzle
1 200 590 30 0 100 100 100 100 13,14 j i by A [ eprare aise
2 300 200 10 55 150 150 150 150 6,7 | [% /1 o e
3 300 511 17 0 150 150 150 150 25,26 B o el e Bl
4 300 895 30 55 150 150 150 150  1,2,12 HNERY N (e ’rf’; ol
5 30 111 37 0 150 150 150 150 17,18, 19 TR T i o el
6 o: '55':' ;—'I?'-‘-'.s-":l.{ -—-.::. ~ Q TR = :TD“
6 500 166 03 0 225 225 250 250 23,24 c 2N ‘r < |
7 500 730 15 0 225 225 250 250 20,2122, | R 8
27
8 500 180 36 0 181 156 241 250 15,16
9
9 509 158 31 55 156 225 241 250 34,538,




Marviken — MELCOR vs TRACE

* Cooperation: PAA, NCBJ, WUT

e Comparison with TRACE assesment, MELCOR
2.1. assessment (SAND2015-6693R), NUREG/IA-
0401, Mosunova @EMUG2013 (same Cd)

* MELCOR 2.2.11932

) ————

TRACE

MELCOR

DISCHARGE
PIPE

NOZZLE

P. Domitr, et. al, The Assessment of the MELCORZ2.2 Critical Flow Models Against
MARVIKEN Critical Flow Tests and TRACE v5.0 patch 5 Calculations, NURETH-2019

Nozzle length
Pressure . Vessel Water Nozzle Nozzle Length . .
CFT [MPa] Subcooling [K] Level [m] Diameter [m] [m] to Diameter
Ratio L/D [-]
4 497 38.31 17.59 0.509 - 0.609 1.976 3.882
15 5.04 30.42 19.93 0.509-0.5 1.966 3.862
21 494 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
Mass Flow
Mass Flow 14000 T T .
14000 ‘ ' ' MELCOR
MELCOR TRAGE
TRACE | i
12000 - . tm 12000 E:\CE REF
%, 10000 -
10000 - g _
— £
S £ 5000
= 8000 g
g T
o @ 6000 -
@ 6000 - o
© =
= 4000 |
4000 |-
|
2000 | i
2000 :
0 : ; , , , ,
0 . ‘ . \ ; -10 0 10 20 30 40 50 60
-10 0 10 20 30 40 50 60 CFT24 Time, [s]
CFT15 Time, [s]
Mass Flow
Mass Flow 14000 - T .
14000 I ' I I MELCOR
MELCOR TRACE
TRACE 12000 | - - - - MELCOR REF | -
12000 - Exp - - - - TRACE REF 2
°  Exp
) )
%’ 8000 |- 2 8000
3 3 8
b LA i
@ 6000 L% @ 6000 [
4000 |- . 4000 -
2000
2000
o ‘ ‘ . ‘
10 0 10 20 30 40 50 60 70 0 | | ! ‘ ‘ :
CFT04 Time, [s] -10 0 10 20 30 40 50 60
CFT21 Time, [s]



Marviken — Global S&UA

* Cont. of previous work. ol - e
* Application of NCBJ’s global S&U e I — St R
methodology - BIGUSA R o "
 Use of Sobol indicies. R S SO S S L S ——
» Allows to identify sources of L ot
uncertainty o e
* Only for a few parameters: p, Cd, T = e
° Main motivation to test BIG USA Fig. 4.3. Prediction errors for MELCOR code plotted with respect to pressure.
capabilities.
* Tens of thousands code runs with
Python framework developed by o161 — T = 080
NCBIJ. o1 ! )
 Comparison of TRACE vs MELCOR for _°* ' I
all Marviken tests o 'i_;
B T e T 050
D [m]

Fig. 4.4. Normalised standard deviation (Eq. 4.5) of all calculations results for
maximal mass flow plotted with respect to hydraulic diameter for TRACE and
MELCOR. codes.

mean 1.064, std 0.097 sample

10000 12000 14000 16000 18000

Reference case
Mean value from distribution

074 * ; . *e, * e, S e - B =0656
““““““““ YT W TR o Bhgean = 0.191
061 . s ® e B8 on = 0.463
--- 52 =0.213
0.5 MELCOR .
___i___"___.__-__4.__‘___'___'___'___'________'__o_________________.
A 0.4 = : * e ¥,
0.3
. ol an® 3l :
021 "= '2‘.‘"'1"?‘""“.‘"‘ ========r '*"""'_"""_""!5
. L . 3 ™
0,14 -

4900 4,925 4,950 4975 5000 5025 5050 5075 5100
Pressure [MPa]

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 21
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



Marviken — all tests

* MELCOR and TRACE models generated
automatically
* with defaults — not perfect

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
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Fig. 5.1, Mass flow time trend of TRACE and MELCOR codes against the experimental measurement,
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Marviken — nodalization and SC senstivity study ,r

Comparison of nodalizations ['08A', '24A'] with default b
* Cooperation PAA and WUT A T =
« Models prepared from scratch by different user k e == T .
separately from previous acitvites - \\ A E————
* Parametric type senstivity of various S.C. and s Q l o
nodalization m\\;—_\:ﬁ“w L ' 17
* Most relevant for critical flow: CDCHKF, SC4407(1), TN e U
SC4407(11), SC4402(1), SC4402(2) .

* Results with 8CV similar to 24CVs ° oooow =

o Standard deviation against changes of CDCHKF_FL100 for 0BA sin
BREAK FLOW - local sensitivity of COCHKF_FL100 for 08A 25.000 - =N
' * s Best_fit = 0.99670000 ==
16,000 T T —— local sensitivity runs s =
— experiment 22,5005 ==
14,000 § 1% 1 T — default ° == - - -
—— local best fit 20,000 - %+ -
12,000 ! - o s
= . -
@ ® 17,500 A e = ; s
S 10,000 ¥ H B ——
= ) % =
z \ T 15,000 1 R a
2 8,000 FoiS k| . == - o
2 = * =4
= . y
s 60004 & 12500 . === @
3 . ——
P 10,000 - . o
\ ’ = 41 42 £
2,000 7,500 - 0y —— " s
== B
0+ 0.0 05 10 15 2.0 2.5 3.0 ==
CDCHKF_FL100 —— i
Time (s) .
=
% |
M. Wtostowski, et. al., A Sensitivity Study of Critical Flow Modeling with MELCOR 2.2 Code Based on the MARVIKEN - - - 5 .. o
CFT-21 Experiment. doi.org/10.3390/en14164985 3



MelSUA Matlab tool for S&UA

YV V VYV V

A\

>

Matlab open tool to perform uncertanity/senstivity
Wilks type or Monte Carlo analysis

Input as XML file stylized as MELCOR Unc. Tool or M-file.
toolboxes and allows truncated

Uses MATLAB prob.

e.g.
distributions, SRS or LHS ,etc.

post-processing with EDF files scripts/files processing
Currently it is internal tool with no manual, but if there will be any
interest | can prepare it rapidly.

BETA version available, GitLab repository:

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

/tree/master/Modules/MLC package/SenstivityUncertanityAnalysis

Start
MELSUA

i

Sampling
M-times

i

24

Uncertanity
Farameters &
Distributions

\T\

Screeing
Analysis

|

Generate N
Input Files

|

Code exection
M-times

Statistical & Data
Analysis, Uncertanity
Qunatification
Qutliers

v

Finish

4

T

ﬁ/ Sample Size

Template
Input

Cutput Files /

Qutput Post-
Processing

/
78

MELCOR Model
Preparation
Initial & BE Analysis



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

Lo

MelSUA Matlab tool for S&UA

Example input

Continous and Discrete variables

MELCOR Input Variable Functionality

Issue: Failed to use VariableValue record

Issue: Failed to use CommentBlock and {{{Vars}}} at the same time

Example_Input_Parametersaml X

OneDriv

1 ke
<

e » OneDrive - Politechnika Warszawska » git > MY_PROJECTS > MATL

version="1.8" encoding="UTF-8"2}k
>

Flef >
»SC1131(2) </ >
»SC1131(2)</ >
»5C1131(2): Zr melt breakout temperaturs

>Based on PB SOARCA UA (SNL, 2015)</
>Triangular based on PB SOARCA UA; Molten P

> Ir Melt Release; Parameter 1 % In Gauntt
>[KI</ >
>2408</ >
>2488</ >
»2400</
> >
S >
»Continous</ >
>Triangular</
radf >
»bef >
oS >
»>2188</
>2488</
»>2558</
<
»2858</ >
»2708<) >
». /DATA/Figl5.csve/

B T T

>

F12<f >

»SC18a1</ B

»5C1001(1,1)</

»5C1001(2,1)</

»5C1001(3,1)</

»5C1001(4,1)</

»5C1081(5,1)</

»5C1001(6,1)</ >

»Oxidation Rate Coefficients SC1881(1..6,1)</ >

»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¢</ >

5 9
»1</
»1<f

>
>
>

»Yes</ >
»Continous-Simulates Discrete with Picewise-Linear Dist.</
»Discrete</ >

»Piecewiselinear</ >
»1</ >
»2</
»>3¢/
A<
35/

L2

L2

L2

L2

L2

>No</

1 >
>URBANIC-HEIDRICK</
»29.6</ >
»16828</ >
»B7.9<¢/ >
»16618</ >
»1853</ >
»1873</ >
>
>

=l

1g Language
=

= INPUT = kepia NP E3

=

Set




MelSUA Matlab tool for S&UA

» It generates PowerShell scripts and folders setup ready
for running multiple terminals with batches of calcs.

» Generates MATLAB plots with desired output
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