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MELCOR - main tool for severe accident analyses at VUJE

" Almost exclusively VVER440 models
VVER440 (6-loop, PWR, with BWR like fuel assemblies (fuel canisters),
after reactor trip configuration with fuel and also fuel bypass in the lower plenum),

" MELCOR 1.8.3 — two-loop model (single and fivefold loop), up to 2004,

" MELCOR 1.8.5 RK = (2004 — 2020), “happy times”, three-loop model, many successful projects,
hundreds of analyses, (6/2004 MELCOR 1.8.5 RK version and model still kept as a life boat),

" MELCOR 2.x (2010 - ) — new reactor model developed and “welded” onto 3-loop model
translated into 2.x format.
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MELCOR - main tool for severe accident analyses at VUJE

" Presently:

" 15254 (10/2019) regularly used with various success,
(safety report analyses, using all my faculties and cunning, ultimately successful),

" 18019 (12/2020), 21402 (12/2021) and recent r2023 (3/2023) used sparsely and usually in the
mode “we shall watch and pray”,

" MELCOR 2.2 VVER440 model translated by Robert Sanders into MELCOR 1.8.6 to be used in
the full scope simulator of Bohunice V2 NPP.
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Four crashes of MELCOR (1)

" Nr.1-in fact not a real crash. Just a stop of calculation.

" Information is provided that calculation requires some activity that cannot be physicaly done.

Such as a pump wants to take water out of volume where there is no more pool mass.

" Very helpfull — leads to computational model repair/upgrade.

4 vuje



Four crashes of MELCOR (2)

Nr. 2 — there is information
where there is instability,
hinting a solution.

In shown case usually helps:

pool/atmosphere
heat transfer fraction change,

time step change,

turning off of mass transfer
at the HS.

_____ - mimmm mmm e e meeem e

<Diagnostic Message> Time= 4.5607E+84 Dt= 2.5269E-85 Cycle= 696984 (HS

) L,G=

Attempted cycle advancement was unsuccessful / DT reduced to = 1.2634E-85

<Diagnostic Message> Time= 4.5607E+84 Dt= 1.2634E-05 Cycle= 696984 (HS
ERROR IN TEMPERATURE ALGORITHWM EXCEEDS DESIRED TOLERANCE

FOR HEAT STRUCTURE HS 88851 H

TEMPERATURE ERROR = 3.219E-83, TOLERANCE = 5.888E-84

) L,G=

<Diagnostic Message> Time= 4.5607E+84 Dt= 1.2634E-05 Cycle= 696984 (MEX) L,C=

REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOD HMAHY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGHORED.

<Diagnostic Message> Time= 4.5607E+84 Dt= 2.8823E-05 Cycle= 696985 (MEX) L,C=

REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOD HMAHY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGHORED.

<Diagnostic Message> Time= 4.5607E+84 Dt= 3.1734E-05 Cycle= 696986 (MEX) L,C=

REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOOD HANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGHORED.

<Diagnostic Message> Time= 4.5607E+84 Dt= 5.8295E-85 Cycle= 696987 (HS
HS PACKAGE TIME STEP CUT

TEMPERATURE COMUERGEMCE FAILURE FOR HEAT STRUCTURE HS88851 H
TEMPERATURE ERROR = 1.831E-82

<Diagnostic Message> Time= 4.5607E+84 Dt= 5.8295E-85 Cycle= 696987 (HS
HS PACKAGE CUT TIME STEP

FATAL ERROR FOR HEAT STRUCTURE HSB8B8651

<Diagnostic Message> Time= 4.5607E+84 Dt= 5.8295E-85 Cycle= 696987 (HS
HS package requested repeating cycle 696987 with halved timestep

<Diagnostic Message> Time= 4.5607E+84 Dt= 5.8295E-85 Cycle= 696987 (HS

) L,G=

) L,G=

) L,G=

) L,G=

Attempted cycle advancement was unsuccessful / DT reduced to = 2.5147E-85
<Diagnostic Message> Time= 4.5607E+84 Dt= 2.5147E-05 Cycle= 696987 (MEX) L,C=

REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOOD HANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGHORED.

<Diagnostic Message> Time= 4.5607E+84 Dt= 3.9855E-05 Cycle= 696988 (HS
HS PACKAGE TIME STEP CUT

TEMPERATURE COMUERGEMCE FAILURE FOR HEAT STRUCTURE HS88851 H
TEMPERATURE ERROR = 1.834E-82

<Diagnostic Message> Time= 4.5607E+84 Dt= 3.9855E-05 Cycle= 696988 (HS
HS PACKAGE CUT TIME STEP

FATAL ERROR FOR HEAT STRUCTURE HSB8B8651

<Diagnostic Message> Time= 4.5607E+84 Dt= 3.9855E-05 Cycle= 696988 (HS
HS package requested repeating cycle 696988 with halved timestep

<Diagnostic Message> Time= 4.5607E+84 Dt= 3.9855E-05 Cycle= 696988 (HS

) L,G=

) L,G=

) L,G=

) L,G=

Attempted cycle advancement was unsuccessful / DT reduced to = 1.9927E-85%

<Diagnostic HMessage> Time= 4.5607E+84 Dt= 1.9927E-085 Cycle= 696988 (HS
HS PACKAGE TIME STEP CUT

TEMPERATURE COMUERGEMCE FAILURE FOR HEAT STRUCTURE HS88851 H
TEMPERATURE ERROR = 5.298E-83

<Diagnostic Hessage> Time= 4_5607E+04 Dt= 1.9927E-85 Cycle= 696908 (HS
HS PACKAGE CUT TIME STEP

FATAL ERROR FOR HEAT STRUCTURE HSB8B8651

<Diagnostic HMessage> Time= 4.5607E+84 Dt= 1.9927E-085 Cycle= 696988 (HS
HS package requested repeating cycle 696988 with halved timestep

<Diagnostic HMessage> Time= 4.5607E+84 Dt= 1.9927E-085 Cycle= 696988 (HS
DT LESS THANM DTHMIN - LAST DT ATTEMPTED = 1.99278E-65

<Diagnostic HMessage> Time= 4.5607E+84 Dt= 1.9927E-085 Cycle= 696988 (HS
TRACE TURHED OM AND CYCLE REPEATED BEFORE ABORT

<Diagnostic HMessage> Time= 4.5607E+84 Dt= 1.9927E-085 Cycle= 696988 (HS

) L,G=

) L,G=

Attempted cycle advancement was unsuccessful / DT reduced to = 1.8888E-85

<Diagnostic Message> Time= 4.5607E+84 Dt= 1.00800E-085 Cycle= 696988 (HS
MEXLOP fatal error pass - Initialization
DT= 1.88680E-85 IERR= 1 HEXTRC= 1

} L,C=

<Diagnostic Message> Time= 4.5607E+84 Dt= 1.880BE-05 Cycle= 696988 (MEX) L,C=

MEXLOP fatal error pass - Communication
DT= 1.88680E-85 IERR= 1 HEXTRC= 1

<Diagnostic Message> Time= 4.5607E+84 Dt= 1.880BE-05 Cycle= 696988 (MEX) L,C=

MEXLOP fatal error pass - Advancement
DT= 1.808088E-85 IERR= 1 HMEXTRC= 1
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Four crashes of MELCOR (3

|3

Sabor  Upravit MoZnosti  Kédovanie Pomocnik 00 %

FAILURE YaS BY CONTROL FUNCTIOHN

FSHESSAGE/ TIME= 4.11053E+84 CYCLE= 475218

CORBOB5: MESSAGE FROW CORE PACKAGE

CORE SUPPORT STRUCTURE (POMOCH) HAS FAILED IH CELL IA= 9 IR= 8
FAILURE WaS BY CONTROL FUNCTIOHN

Listing written TIME= 4.11853E+84 CYCLE= 475218

Restart written TIME = 4 _11085290E+04 CYCLE= 475218

Restart written TIME = 4.300004E+04 CYCLE= 5089436
FSHESSAGE/ TIME= 4.32815E+84 CYCLE= 513151

CORBOB7: HMESSAGE FROW CORE PACKAGE

END OF DEBRIS QUEHCH IN RADIAL RIHG 7

Listing written TIME= 4.34775E+B4 CYCLE= 16913

Restart written TIHE = 4 _347753E+84 CYCLE= 16913
Calculation terminated by: Executive detected abort signal - see above For reason
TIME= 4_34775E+84 CYCLE= 516913 CPU = 1.21319E+65

|(
=

Sobor  Upravit MozZnesti  Kédovanie Pomocnik 00 %

SUBCYCLE TIHE STEP HAS BEEN REDUCED BELOW MINIHUH

CORRM1 (or routine called by it) requested a SYSTEM fallback

SYSTEM TIME STEP REDUCED TO B.10808E-84

<{Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.2349E-83 Cycle= 516913 {COR) L,C= 3,1267654
COR package requested repeating cycle 516913 with timestep 1.06060608E-085

<{Diagnostic Hessage> Time= 4.3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR) L,C= 2,1267655
Attenpted cycle advancement was unsuccessful - DT reduced to = 1.88688E-85

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8880E-85 Cycle= 516913 (COR) L,C= 1,1267656
ERROR IN GCORTSVU (DT/DZ HMODEL), RESULTS INH IHNTERHAL FALLBAGK IH CORRH1

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8800E-65 Cycle= 516913 (COR) L,C= 3,1267657
HMESSAGE FROH SUBROUTINE GORDBD

CORRM1 {or routine called by it) requested an INTERHAL fallback

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.0000E-685 Cycle= 516913 (COR) L,C= 2,1267658
ERROR IN SUBROUTINE CORDED

SUBCYCLE TIME STEP HAS BEEN REDUCED BELOW MINIHUNM

CORRM1 (or routine called by it) requested a SYSTEM fallback

SYSTEM TIME STEP REDUCED TD 8.5868E-85

<Diagnostic Hessage> Time= 4.3478E+64 Dt= 1.0000E-65 Cycle= 516913 (COR) L,C= 3,1267659
COR package requested repeating cycle 516913 with timestep 5.008008E-06

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.80008E-85 Cycle= 516913 (COR) L,C= B,1267668
Attempted cycle advancement was unsuccessful

DT REDUCED BELOYW DTHIN FROH PACKAGE COR

DTrequest= 5.000060E-06 DTmin= 1.080000E- 65

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8880E-85 Cycle= 516913 (COR) L,C= A@,1267661
»xxxxxxx EXEGUTION ABORT
*xxxxx%% EXECUTION ABORT
TRACE TURHED OH AND CYCLE REPEATED BEFORE ABORT

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8886E-85 Cycle= 516913 (COR) L,C= 2,1267662
Attempted cycle advancement was unsuccessful - DT reduced to = 1.8888E-85

<{Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.80B8E-85 Cycle= 516913 {COR) L,C= B,1267663
HEXLOP fatal error pass - Initialization

DT= 1.08000E-85 IERR= 1 HEXTRG= 1

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.80008E-85 Cycle= 516913 (MEX) L,C= B,1267664
HEXLOP fatal error pass - Communication

DT= 1.8800BE-85 IERR- 1 HEXTRG= 1

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8886E-85 Cycle= 516913 (MEX) L,C= B,1267665
MEXLOP fatal error pass - Advancement

DT= 1.0800BE-85 IERR= 1 HEXTRC= 1

<Diagnostic Hessage> Time= 4.3478E+64 Dt= 1.0000E-65 Cycle= 516913 (COR) L,C= 1,1267666
ERROR IN GCORTSV (DT/DZ HMODEL), RESULTS IN INTERNAL FALLBAGK INH CORRH1

<Diagnostic Hessage> Time= 4.3478E+84 Dt= 1.8886E-85 Cycle= 516913 (COR) L,C= 3,1267667
MESSAGE FROM SUBROUTINE CORDBD

CORRM1 {or routine called by it) requested an INTERHAL fallback

<Diaanostic Hessage> Time= 4.3478E+64 Dt= 1.0000E-65 Cucle= 516913 (COR) L.C= 2,1267668

f LISLED = [ WU 14 _DD LAZKE Ndvanies_fids 103 INUUEN PIEpIsdny UU £2 5 FIUJIT TEdRLUTUIT_LESLUUTIUNILE \_FRISCLY VERSHU_LLLIA]

Sibor  Upravit MoZnosti  Koédovanie Pomocnik
Error in equilibrium thermg
Called from CUTHQE for U

<Diagnostic Message> Tj
Error in equilibrium t
Called from CUTHQE for
<Diagnostic Message> Time
Error in equilibrium thermo rofl
Called from CUTHQE for Uolume CUBGO11
<Diagnostic Message> Time= 4_.3477E+04 Dt= 9.3294E-83 Cycle= 516906 (CUH)
Error in equilibrium thermo routine CUTWGE
Called from CUTHQE for UVolume cUBBO11
<Diagnostic Message> Time= 4_.3477E+84 Dt= 9.3294E-83 Cycle= 516986 (CUH)
Error in equilibrium thermo routine CUTWGE
Called from CUTHQE for UVolume cCUBBO11
<Diagnostic Message> Time= 4.3477E+84 Dt= 9.3294E-83 Cycle= 516986 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 4.6647E-83
<Diagnostic Message> Time= 4_3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR IN CORTSV (DT/DZ2 MODEL), RESULTS IN INTERNAL FALLBACK IH CORRN1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR INH CORTSU (DT/DZ MODEL), RESULTS IM INTERNAL FALLBACK IN CORRH1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR IN CORTSU (DT/DZ MODEL), RESULTS IM INTERNAL FALLBACK IN CORRN1
<Diagnostic Message> Time= 4.3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR INH CORTSU (DT/DZ MODEL), RESULTS IN INTERNAL FALLBACK IN CORRHN1
<Diagnostic Message> Time= 4_3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR IN CORTSV (DT/DZ2 MODEL), RESULTS IN INTERNAL FALLBACK IH CORRN1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.2349E-83 Cycle= 516913 {COR)
ERROR IH CORTSU {DT/DZ MODEL), RESULTS IN INTERNAL FALLBACK IN CORRH1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR IN CORTSU (DT/DZ MODEL), RESULTS IM INTERNAL FALLBACK IN CORRN1
<Diagnostic Message> Time= 4.3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR)
ERROR IN SUBROUTINE CORDED
SUBCYCLE TIME STEP HAS BEEN REDUCED BELOW HINIMUM
CORRH1 {or routine called by it) requested a SYSTEH fallback
SYSTEM TIME STEP REDUCED TO 0.1000E-04
<Diagnostic Message> Time= 4.3478E+04 Dt= 1.2349E-83 Cycle= 516913 (COR)
Attempted cycle advancement was unsuccessful - DT reduced to = 1.88088E-85
<Diagnostic Message> Time= 4_3478E+04 Dt= 1.0000E-85 Cycle= 516913 (COR)
ERROR IN CORTSV (DT/DZ2 MODEL), RESULTS IN INTERNAL FALLBACK IH CORRN1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.0868BE-65 Cycle= 516913 {COR)
ERROR INH SUBROUTINE CORDED
SUBCYCLE TIME STEP HAS BEEN REDUGCED BELOW HINIMUM
CORRH1 (or routine called by it) requested a SYSTEW fallback
SYSTEH TIME STEP REDUCED TO B.5888E-85
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.8088E-85 Cycle= 516913 (CGOR)
Attempted cycle advancement was unsuccessful
DT REDUGED BELOW DTHIM FROW PAGCKAGE COR
DTrequest= 5.60080BE-06 DTmin= 1.0800060E-65
<Diagnostic Message> Time= 4.3478E+94 Dt= 1.0080E-85 Cycle= 516913 (COR)
*xxxxxxx EXECUTION ABORT
**xxx%xx EXECUTION ABORT
TRACE TURHED OH AHD CYCLE REPEATED BEFORE ABORT
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.0868BE-65 Cycle= 516913 {COR)
Attempted cycle advancement was unsuccessful - DT reduced to = 1.88808E-85
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.8008E-85 Cycle= 516913 (COR)
MEXLOP fatal error pass - Initialization
DT= 1.80008E-85 TERR= 1 MEXTRC= 1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.8088E-85 Cycle= 516913 (MEX)
MEXLOP fatal error pass - Communication
DT= 1.800808E-85 IERR= 1 MEXTRC= 1
<Diagnostic Message> Time= 4.3478E+84 Dt= 1.0868BE-65 Cycle= 516913 (MEX)
MEXLOP fatal error pass - Advancement
DT= 1.80808E-85 TERR= 1 MEXTRC= 1
<Diagnostic Message> Time= 4_3478E+04 Dt= 1.0000E-85 Cycle= 516913 (COR)
FRRAR TH PORTSI FRT/RZ MODEL Y RESHI TS TH THTERNAIL FallRACK TH PNRRNA

e= 4. 3477E+8Y4 Dt= 9_.3204F%83 Cycle= 516986 (CUH)
ermo Foutine CUTUWGE
Sglume CUBBB11

3477E+84 DE= 9

E-83 Cycle= 516906 (CUH)
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Termperature (K)

Four crashes of MELCOR (3)

Nr. 3 —there is a hint where there can be a problem,
no concrete information provided but helpful. (MES, extdiag and MELCOR DIA files) (15254)
Another example in the rig ht pictu re. <g;:gguiﬁi§u::§z$?az Lé;.;;ﬂﬁ.mn?zmu Dt= 5.4327E-06 Cycle- 886252 (MEX) L,C= 2,891033

package CUH requested dt { 5.4327E-86) below dtmin - ignored

<Diagnostic Message> Time= 6_4417E+04 Dt= 1_0006E-05 Cycle= 886252 (MEX) L,C= 3,891934
REQUEST FOR FORCED PLOT DUMP SEQUEMCE IGHORED. TOO MANY FALLBACKS.

ALL FUTURE REQUEST DURING THIS EXEGCUTION IGHORED.

1 —— <Diagnostic Message> Time= 6.4417E+84 Dt= 1.7959E-85 Cycle= 886253 (MEX) L,C= 2,89193%
! ERROR IN SUBRODUTINE MEXDTC
' B Edit MELCOR data package CUH requested dt ( 1.795%9E-86) below dtmin - ignored
H <Diagnostic Message> Time= 6.4417E+84 Dt= 1.000BE-B5 Cycle= 886253 (MEX) L,C= 3,891936
_:_ REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOO MANY FALLBACKS.
v Use File: 0 | ALL FUTURE REQUEST DURING THIS EXECUTIOM IGHORED.
H H H " <Diagnostic Message> Time= 6.4417E+84 Dt= 1.2975E-86 Cycle= 886254 (MEX) L,C= 2,891937
' ' ' ERROR IN SUBROUTINE MEXDTC
' ' ' . package CUH requested dt { 1.2975E-86) below dtmin - ignored
SRR EEEETEEEES feygdrive/d/2021/_ <Diagnostic Hessage> Time- 6.4417E+84 Dt- 1.0000E-05 Cycle- 886254 (HEX) L,C- 3,891038
' ' ' REQUEST FOR FORCED PLOT DUMP SEQUENCE IGHORED. TOO MANY FALLBACKS.
; ; ; 119771 kelcor dat ALL FUTURE REQUEST DURING THIS EXECUTION IGNORED.
' ' ' <Diagnostic Message> Time= 6.4417E+84 Dt= 3.4261E-87 Cycle= 88|6255 {MEX) L,C= 2,891939
-------- B LR ERROR IN SUBROUTINE MEXDTC
, , , CVH_TVAP_11 package CUH requested dt { 3.4261E-867) below dtmin - ignored
H H H <Diagnostic Message> Time= 6.4417E+04 Dt= 1.080BE-05 Cycle= 886255 (HS ) L,G= 3,891948
' ' ' ===== MESSAGE FROM SUBROUTINE HSCUMS = =
________ [ R — COMDENSATION MASS TRANSFER RESULTS IN EXCESSIUELY SHALL
H H H OR HEGATIVE STEAH HASS IH CONTROL VOLUME DOLHE1/6_3
' ' ' STEAM MASS = 1.94540FE-81 CHANGE IN HASS = -2.80756E-01
' ' ' CUTTING TIME STEP TO ELIMINATE PROBLEH
L <Diagnostic Message> Time= &_4417E+B4 Dt= 1.08008BE-85 Cycle= 886255 (HS ) L,C= 3,891941
! ! ! HS package requested repeating cycle 886255 with timestep 7.849542E-86
' ' ' <Diagnostic Message> Time= 6.4417E+84 Dt= 1.000BE-B5 Cycle= 886255 (HS ) L,C= 0,891942
' ' ' Attempted cycle advancement was unsuccessful
________ R DT REDUCEDP BELOW DTHIM FROM PACKAGE HS
' ' ' DTrequest= 7.849542E-06 DTmin= 1.000008E-05
' ' ' <Diagnostic Hessage> Time= 6§_4417E+84 Dt= 1.0000E-05 Cycle= 886255 (HS ) L,C= 0,891943
' ' ' xxxsxxxx EXECUTION ABORT
1 1 1 xxxxxxxx EXECUTION ABORT
"""" e Sy TRACE TURNED ON AND CYCLE REPEATED BEFORE ABORT
' ' ' <{Diagnostic Message> Time= &_4417E+B4 Dt= 1.0806BE-85 Cycle= 886255 (HS ) L,C= 2,891944
H H H nttempted cycle advancement was unsuccessful - DT reduced to = 1.0000E-05
' ! ! FlltEI‘ <Diagnostic Hessage> Time= §_4417E+84 Dt= 1.0000E-05 Cycle= 886255 (HS ) L,C= @,891945
- " MEXLOP fatal error pass - Initialization
. ' ' DT= 1.08088E-85 IERR= 1 HMEXTRG= 1
! ! ! T <Diagnostic Message> Time= 6.4417E+84 Dt= 1.000BE-B5 Cycle= 886255 (MEX) L,C= 0,891946
. . . CVH_WAP?]]l MEXLOP fatal error pass - Communication
I S DT= 1.80080E-85 IERR= 1 HEXTRG= 1
' ' ' . <Diagnostic Message> Time= 6.4417E+84 Dt= 1.000BE-B5 Cycle= 886255 (MEX) L,C= 0,891947
' ' ' ClEar SE'EctlonS MEXLOP fatal error pass - Advancement
! ! ! DT= 1.P008BE-85 IERR= 1 MEXTRC= 1
0“ ' ' ! ' ' ' H cl C t S t <Diagnostic Message> Time= 6.4417E+84 D 1.80808BE-85 Cycle= 886255 (HS ) L,C= 3,801048
===== MESSAGE FROH SUBROUTINE HSCUHS =====
—20000 =102000 X000 0000 S 000 ear L.urren € CONDENSATION MASS TRAHNSFER RESULTS IN EXCESSIVELY SHALL
OR MEGATIVE STEAH HMASS IN COMTROL VOLUHME DOLNE1/6_3
. STEAM MASS = 1.94540FE-81 CHANGE IN HASS = -2_86756E-081
lHnite Toma: | & CUTTING TIHE STEP TO ELIMINATE PROBLEH

<Diagnostic Message> Time= 6.4417E+04 Dt= 1.0000E-05 Cycle= 886255 (HS ) L,C= 3,891949
HS package requested repeating cycle 8B6255 with timestep 7.849542E-86



Four crashes of MELCOR (4)

Nr. 4 — crash from full time step, no report,
all files as if electricity switch turned off.

OUT file (21402)

Hoping that such a crash is/will be eliminated.

CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=
CYCLE=

521880
521881
521882
521883
521884
521885
521886
C21887
521888
521889
521898
521891
521892
521893
521894
521895
521896
521897
521898
521899
5219080
521981
521982
521983
521984
521985
521986
521987
521908
521989
521918
521911
521912
521913
521914
521915
521916
521917
521918
521919
521920
521921

E i S

626274E+ QY
.626284E+04
626294E+04
6263 B4E+ B4
6263 14E+04
.626324E+04
.626334E+04
6263 44E+ B4
.626354E+04
.626364E+04
.626374E+04
.626384E+ 04
.626394E+04
.626404E+04
6264 14E+ B4
.626424E+04
626434E+ 04
626444F+ B4
626454E+ 04
62646 4E+ DL
62647 4E+04
62648 L4E+ QY
626494FE+ 04
6265 04E+ 04
.626514E+B4
626524E+ 04
.626534E+ 04
.626544E+04
62655 4E+ QY
.626564E+ 04
62657 4E+ 04
.626584E+ 04
626594E+ 04
6266 B4E+ DL
.626614E+04
62662 4E+ 04
.626634E+04
626644+ 04
.626654E+04
626664E+ 04
62667 4E+DL
.626684E+04

DT (HAX)=
DT (HAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=
DT (HAX)=
DT (HAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=
DT (HAX)=
DT (HAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=
DT (HAX)=
DT (HMAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=
DT (HAX)=
DT (HMAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=
DT (HAX)=
DT (HMAX)=
DT (HAX)=
DT (MAX)=
DT (HAX)=
DT(MAX)=
DT (HAX)=

1.800006E- 81
1.008000E-81
1.000000E-81
1.008080E-81
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1.000000E-81
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1.000000E-81
1.008080E-81
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1.000000E-81
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1.642541E+05
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1.642543E+85
1.642544E+85
1.642545E+85
1.642546E+85
1.642547E+85
1.642548E+05
1.642549E+85
1.642550E+85
1.642551E+85
1.642552E+85
1.642552E+85
1.642553E+85
1.642554E+05
1.642555E+85
1.642556E+85
1.642557E+85
1.642558E+85
1.642550E+85
1.64256 BE+85
1.642562E+05
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1.64258 BE+B5
1.642581E+85
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The ultimate crash report

4U1agnostic Message’ I11ME= 1.75U6E+U5 UT= 5.UUUBE-UT LYCLle= 1340328
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD HMANY FALLBACKS.
ALL FUTURE REQUEST DURIHG THIS EXECUTION IGHORED.

{biagnostic HMessage> Time= 1.15@86E+085 Dt= 5.@080E-81 Cycle= 1448329
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD HMANY FALLBACKS.
ALL FUTURE REQUEST DURIHG THIS EXECUTION IGHORED.

{biagnostic Hessage> Time= 1.1586E+085 Dt= 5.@080E-81 Cycle= 1448338
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGMHORED.

{biagnostic Hessage> Time= 1.1586E+085 Dt= 5.@000E-81 Cycle= 1448331
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTION IGMHORED.

{biagnostic Hessage> Time= 1.1586E+05 Dt= 5.@080E-81 Cycle= 1448332
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTIDN IGMNORED.

{biagnostic Hessage> Time= 1.1586E+05 Dt= 5.@080E-81 Cycle= 1448333
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTIDN IGMNORED.

{biagnostic Hessage> Time= 1.1586E+85 Dt= 5.@A80E-81 Cycle= 1448334
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS EXECUTIDN IGMNORED.

{biagnostic Hessage> Time= 1.1586E+05 Dt= 5.AABAE-81 Cycle= 1448335
REQUEST FOR FORCED PLOT DUMP SEQUEHMCE IGHORED. TOO HMANY FALLBACKS.
ALL FUTURE REQUEST DURING THIS ESECUTION IGHORED.

<biagnostic Hessage> Time= 1.1586E+05 Dt= 5.AA00E-81 Cycle= 1448336
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD MANY FALLBACGKS.
ALL FUTURE REQUEST DURING THIS ESECUTION IGHORED.

<biagnostic Hessage> Time= 1.1586E+05 Dt= 5.AA80E-81 Cycle= 1448337
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD MANY FALLBACGKS.
ALL FUTURE REQUEST DURING THIS ESECUTION IGHORED.

{Diagnostic HMessage> Time= 1.1586E+85 Dt= 5._@000E-81 Cycle= 1440338
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD MANY FALLBACGKS.
ALL FUTURE REQUEST DURING THIS ESECUTION IGHORED.

{Diagnostic HMessage> Time= 1.1586E+085 Dt= 5._@0600E-81 Cycle= 1448339
REQUEST FOR FORCED PLOT DUMP SEQUEHCE IGHORED. TOD MANY FALLBACGKS.
ALL FUTURE REQUEST DURING THIS ESECUTION IGHORED.

<Diagnostic HMessage> Time= 1.1586E+85 Dt= 5.0000E-81 Cycle= 1448340
LOGIC ERROR IN CORSTR

APPARENT LOAD ON S5 IN CELL IA= 9 IR= 8 WHICH DOESH'T EXIST

(MEX)

(HEX)

{HEX)

{HEX)

(HEX)

(HEX)

(HEX)

(HEX)

(MEX)

(MEX)

(MEX)

(MEX)

({COR)

3, FELYEE

3,785089

3,785990

3,785991

3,785992

3,785993

3,785994

3,785995

3,785996

3,785997

3,785998

3,785999

a,7860888

[TITITE T YT,

B OIUL U DU e

CORE SUPPORT STRUCTURE (POMOCH) HAS FAILED IN CELL IA= 9 IR= 8
FAILURE WAS BY CONTROL FUNCTION

Listing written TIME=
Restart written TIME
Listing written TIME=
Restart written TIME
Calculation terminated

TIME= 1.15861E+85 CYCLE= 1448348 CPU =

1.15827E+85 CYCLE=

1440268

= 1.150271E+85 CYCLE= 1448268
1.150861E+85 CYCLE= 1448348

= 1.158613E+85 CYCLE= 1448348
by: SUPPORT MODEL LOGIC ERROR

2 .58496E+085

W

load on a non-existing support structure ...

Pl

Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-01
<Diagnostic Message> Time= 1.1497E+85 Dt= 5.@0688E-81 Cycle= 1448149 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-01
<Diagnostic Message> Time= 1.1497E+85 Dt= 5._.@088E-81 Cycle= 1448157 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-01
<Diagnostic Message> Time= 1.1497E+85 Dt= 2_.S088E-81 Cycle= 1448157 (CUH)
CUHMOM: ERROR IH SOLUTION OF FLOW EQUATIONS

SPARSE MATRIX SOLUVER RETURMED ERROR 2: FAILED TO CONUVERGE in 588 steps
<Diagnostic Message> Time= 1.1498E+85 Dt= 5._.@088E-81 Cycle= 1448165 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-01
<Diagnostic Message> Time= 1.1498E+85 Dt= 5._.@088E-81 Cycle= 1448173 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-81
<Diagnostic Message> Time= 1.1498E+85 Dt= 5.80680E-81 Cycle= 1448183 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-81
<Diagnostic Message> Time= 1.1584E+85 Dt= 5.@0680E-81 Cycle= 1448382 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5088E-81
<Diagnostic Message> Time= 1.1584E+85 Dt= 5.80680E-81 Cycle= 1448384 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5888E-81
<Diagnostic Message> Time= 1.1585E+85 Dt= 5.80680E-81 Cycle= 14483846 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5888E-81
<Diagnostic Message> Time= 1.1585E+85 Dt= 5.80680E-81 Cycle= 1448316 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5888E-81
<Diagnostic Message> Time= 1.1585E+85 Dt= 5.8880E-81 Cycle= 1448323 (CUH)
Attempted cycle advancement was unsuccessful - DT reduced to = 2.5888E-81
<Diagnostic Message> Time= 1.1586E+85 Dt= 5.8880E-81 Cycle= 1448348 (COR)
LOGIC ERROR IH CORSTR

APPARENT LOAD OH 35 1IN CELL IA= 9 IR= 8 WHICH DOESH'T EXIST

Calculation terminated by: SUPPORT HODEL LOGIC ERROR
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MELCOR lower plenum molten pool
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MELCOR lower plenum molten pool

" MP2 temperature increase up to crash...

" Axial level 03 contains no fuel, no cladding but does contain canister mass (also supporting
and non-supporting structure mass),

" Molten pool consists of steel and zirconium (mostly steel),
" Will be analysed...

" For the time being heat transfer from the component used.
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MELCOR lower plenum molten pool

MP2 temperature increase up to crash...
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Frakcia, (%)

MELCOR molybdenum surge

EXVES scenario (STC11) experienced significant increase of Mo group release
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MELCOR RN retention and resuspension

" STC11vs. STC9 - only different time of containment failure

Zdrojovy Popis STC Frekven- | Prispevok | Unik do okolia, [%]
clen cia k celkovej Yo | Cs
(STC) [L/rok] frekvencii
[1/rok]
Rezim 1 - Plny vykon reaktora
STC1 Celistvost HZ zachovana, sprchovanie HZ, 1,12E-06 50,99 0,04 0,02 0,02
neporuSena tlakova nadoba
STC2 Celistvost HZ zachovana, bez sprchovania HZ, 7,26E-07 33,05 2,09 0,06 0,07
neporu$ena tlakova nadoba
STC11 Neskoré porusenie HZ po poruseni tlakovej nadoby, 1,31E-07 5,96 65,77 | 0,36 0,26
neobnovenie chladenia poSkodenej AZ mimo tlakovej
nadoby (bez sprchovania HZ)
STC9 Velmi skoré porusenie HZ s poruSenim tlakovej 7,18E-08 3,27 97,25 | 33,21 | 32,66
nadoby, neobnovenie chladenia poskodenej AZ mimo
tlakovej nadoby (bez sprchovania HZ)
STC12S | Neskoré porusenie HZ bez poruSenia tlakovej nadoby | 3,92E-08 1,78 42,84 | 0,28 0,02

(so sprchovanim HZ)

STC9-MLOCA100HL-EXVES-DEPR-BS-FAILED-EARLY (4 800 s)

STC11-MLOCA100HL-EXVES-DEPR-BS-FAILED-LATE (90 000 s)

Two orders of magnitude difference.
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Pressure in containment

26 STC11 MLOCA100HL-EXVES-DEPR-BS-FAILED-LATE

330 000

VUJE, a.s.
MELCOR 1.8.5
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MELCOR RN retention and resuspension

Integral production of gasses in reactor cavity

" STC11—-MELCOR 2.2 (15254)
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MELCOR RN retention and resuspension

Water level in reactor cavity

VUJE, a.s.
o EMO12 LOCA MELCOR 2.2
" LOCA 2x496 — IMVES — MELCOR 2.2 (15254) o
: ' (— JW\\E"‘L/- T
6.0 e v
Mass of aerosols in gas and liquid phase in SG box
VUJE, ass. 40
EMO12 LOCA MELCOR 2.2
T 20
e
S
§ 00
/_\ g
N 2,0
'e_—\“‘-e-—ﬁ/
-4,0
)
A A A A
A A—h— 8,0
,—\ﬁ_[\\ A 0 50 000 100 000 150 000 200 000 250 000 300 000 350 000 400 000
f Time [s]
DCVH-CLIQLE‘{’.SS%- boil channel ©CVH-CLIQLEV.802- reactor cavity VUJE, a.s.
EMO12 LOCA MELCOR2.2
80 - T
- = 5—a . &*15\
50
\/ \E\
40
g
£ =
[
g
= o < o—H BB = = < < B = < o—H §
50 000 100 000 150 000 200 000 250 000 300 000 350 000 400 000 20
Time [s]
O RN1-ARMG.803- gas phase - SG box - left part ¢ RN1-ARML.803- liquid phase - SG box - left part 10
© RN1-ARMG.806- gas phase - SG box - right part A RN1-ARML.BOE- liguid phase - SG box - right part
0
0 50000 100 000 150 000 200 000 250 000 300 000 4
1 6 Time [s]

OSPR-TP.2- containment sprays © SPR-TP.2- containment sprays O SPR-TP.3- dedicated system X SPR-TP.4- dedicated system




The CAV package variables that may be used for plot variables are listed and described
below. Note that control function arguments (some that are identical in definition to
these plot variables but different in format) are described in the following section. In the

MCCI] tem peratures an d com ponents Fefrtng 0 the hemey ovide ayer, LOX to the Tt ol ‘ayer MET 1 the metal loyar

Total mass of debris escaping from RPV and total mass in reactor cavity

HMX to the heavy mixture layer, and LMX to the light mixture layer. Here heavy and
light are in comparison to the metal. Finally, gas refers to one of the four gases (Ha,

Water level in reactor cavity e T M\éULJC,EO‘I:;Z H20, CO, or COz2).
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= i elow. Note that control function arguments (some that are identical in definition to these
S0 &—= & & §——b—rs < lot variables but different in format) are described in the following section. In the followin
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A CAV-M-LMX.010- light mixture

x  CAV-M-MET.010- metal
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Temperature °C

| temperatures and components
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Code usage overview - STC11, LOCA100-EXVES

" Calculated up to 5 days (432 000 s), using 15254,
" Crashed at 697 s, no report, using 18019,

® Crashed at 20 313 s, ERROR IN CORE LOWER HEAD MODEL, ONE-DIMENSIONAL
MECHANICAL MODEL FAILED TO CONVERGE,
time step changing and different restart times did not help, using 21402

" Crashed at 7 091s, POOL VOID NOT CONVERGED,
TOO LARGE A MASS OR ENERGY SINK GENERATED FOR CVH,
TIME STEP REDUCED TO 0.0000E+00, using r2023.0
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Code usage overview — PRISE scenario,

crash even before core damage (15254)
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Conclusion

" MELCOR is nowadays exclusively used for severe accident analyses as capacity and capability
(both financial and personal) for other codes in severe accident area are diminishing.

" "The first step of avoiding a trap is knowing of its existence.” Thufir Hawat
" The first step of finding the cause of a crash is knowing where the instability happened.

" The most important area of MELCOR 2.2 code upgrade is in crash reporting.
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Thank you for your attention.

Feel free to ask questions.

Juraj Jan€ovic
[ Yuray Yanchovich ]

E-mail: juraj.jancovic@vuje.sk
Phone: + 421 33599 1339
Fax: +421 33599 1200
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