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Development of Degraded Core Coolability Analysis Program
+ X
Yutaka ABE ,Yu MARUYAMA, Yoshitaka MINO and Kunihisa SODA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atcomic Energy Research Institute

Tokai-Mura, Naka-Gun, Ibaraki-Ken

(Received April 4, 1989)

In case of a severe accident of a light water reactor caused by loss
of core cooling capacity, as was observed in the TMI-Z2 accident, a debris
bed consisting of the degraded core materials may be formed as the result
of the interaction between the melting core materials and coolant water.
Since the debris bed continues to release decay heat, the debris bed
would melt again if the debris bed would not be cooled. Therefore, it is
quite important to estimate the coolability of the debris bed in order
to evaluate accident progression and terminate the accident within the
reactor pressure vessel. In this work, the degraded core coolability
analysis program to predict dryout heat flux of the debris bed and the
database containing the previous experimental results were developed.

In addition, the analysis program was verified by comparing the
analysis results with the experimantals. It is expected that the analysis
program would offer valuable information for the accident progression

analysis and the accident management straregies togather with database.

Keywords : Degraded core Coolability, Analysis Program, Severe Accident,

TMI-2 Accident, Debris bed, Dryout Heat Flux
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// JUSER 39273733,YU.ABE,0957.01
T.2 W.0 1.0 C.3 GRP
OPTP PASSWORD= +NOTIFY=J3733

/%
IFETEEEE
//STEADY
//STEPLIB
//FTOSFOO1
//FTO6F001
/7xx06F001
//FTO7F001
//FT10F001
//FT20F001
//xx30F001
//x

/ /ROPS
//STEPLIB
//FTOiF0QO01
¥
//FTOSFQO1
//FTOAFDO1
//GDFILE
++

r/

EXEC PGM=STANDARD
EXEC PGM=DETAIL

DD
DD
DD
DD
DD
DD
DD
DD

DSN=J3733.CO0L.STEADY.LOAD,DISP=SHR
DSN=J3733.CO0L.STEADY.DATA(NQOS02N1) ,DISP=SHR
DUMMY
SYSOUT=%,DCB=(RECFM=FA,LRECL=137,BLKSIZE=137>
SYSOUT=*,DCB=(RECFM=FA,LRECL=137,BLKSIZE=137>
DSN=J3733.C00L.ROPSCOMM.DATA(WORK) ,DISP=5HR
DSK=J3733.C0O0L.ROPSPFLOT.DATA(WORK) ,DISP=5HR
DSN=J3733.C00L.SRIPLOTS.DATA(**xx*xxx%),DISP=SHR

EXEC PGM=TEMPNAME

DD
Db

DD
DD
DD

DSN=J3352.ROPSII.BATCH.LOAD,DISP=5SHR
DSN=28&SPLEDIT,UNIT=WK10,SPACE=(TRK,(100,103,RLSE),
DISP=(NEW,PASS),DCB=(DSORG=P3)
DSN=J3733.C00L.ROPSCOMM.DATA(WORK) ,DISP=5HR
SYSOUT=%,DCB=(RECFM=FA,LRECL=137,BLKSIZE=137)
SYSQUT=%,0UTLIM=0

Fig.B.6 Fo479 hEIFTAHICL



JAERI-M 89-048

//JCLG JOB
//JCLG EXEC JcCLG
//7SYSIN DD DATA,DLM='T++"
/7l JUSER 39273733,YU.ABE,0957.01

T.4 W.0 1.0 C.3 GRP

OPTP PASSWORD= . +NOTIFY=J3733
/7%
//STEADY EXEC PGM=STANDARD
INET TR EXEC PGM=DETAIL
//STEPLIB DD DSN=J3733.CO00L.STEADY.LOAD,DISP=SHR
//FTOS5F001 DD DSN=J3733.CO0L.STEADY.DATA(NOOQOCOT1Y,DISP=SHR
//FTQ&F00Q1 DD DUMMY
//xxQ6F001 DD SYSOUT=%,DCB=(RECFM=FA,LRE{L=137,BLKSIZE=137)
//FTO7F001 DD SYSOUT=%,DCB=(RECFM=FA,LRECL=137,BLKSIZE=137)
//%**%10F001 DD DSN=J3733.CD0L.ROPSCOMM._DATACWORKY,DISP=SHR
//*x20F001 DD DSN=J3733.CO0L.ROPSPLOT.DATAC(WORK),DISP=SHR
//FT30FC01 DD DSN=J)3733_ COOL.SRIPLOTS.DATACNOOOOOT1)-DISP=SHR
RS
//STROIN EXEC PGM=TEMPNAME
//STEPLIB DD DSN=J3733.CO0L.STROIN.LOAD,DISP=SHR
//FTOSFC01 DD DSN=J3733.CO0L.SRIINPUT.DATACNOOOOOCT1),DISP=SHR
//FTO&FC01 DD DUMMY
/F/xx06F001 DD SYSOUT=x,DCB=(RECFM=FA,LRECL=137,BLXSIZE=137)
//FT11FO01 DD DSN=&&WORK1,UNIT=WK10,SPACE=(TRK,(1,-1),RLSE)
//FT12F001 DD DSN=%&WORK2,UNIT=WK10,SPACE=(TRK,{1,1Y,-RLSE?Y
//FT13F001 DD DSN=E&WORK3,UNIT=WKI10,SPACE=(TRK,(1,1Y,RLSE)
//FT14F001 DD DSN=E&WORK&4&,UNIT=WK10,SPACE=(TRK,{(1,1),RLSE}
//FT21F001 DD DSN=J3733.COCL.SRIPLOTS.DATACNDOOQOOOTL),DISP=58HR
//FT&0FC01 DD DSN=J3733_.CO0L.ROPSPLOT.DATACWORK),DISP=SHR
f/FT50F001 DD DSN=J3733.L00L.ROPSCCMM.DATA(WORK) ,DISP=SHR
[ 1x
//ROPS EXEC PGM=TEMPNAME
//STEPLIB DD DSN=J3352.ROPSII.BATCH.LOAD,DISP=SHR
//FTO1F001 DD DSN=&&SPLEDIT,UNIT=WK10,SPACE=(TRK, (100,-10),RLSE}.,
I/ DISP=(NEW,PASS).,DCB=(DSORG=PS)
//FTOSF001 DD DSN=J3733.CO0L.ROPSCOMM.DATA(WORKY,DISP=SHR
//FTO6FO01 DD SYSOUT=*,DCB=(RECFM=FA,LRECL=137,BLKSIZE=137)
//GDFILE DD SYSOUT=x,0UTLIM=0
/7%
// EXEC REMEM,DSN=}3733.C00L.ROPSPLOT,G=.DATA,ELM=WORK,NELM=NOOOQOOT1
++
1/
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/ CHARAC /

DATA LFIG
DATA LDSNP
DATA LDUMM
DATA LCLMI

FO¥K OH K OK O OH K K K OH KM
;

C

CCCC

c
*
¥
*
*
*
*
ES
*
*
*
*
*

DATA LCLMZ

Fig.B.8
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'24014%, 'INLP !
'J3733.C00L.ROPSPLOT.DATA(WORK)

‘A DUMMY DATUM FOR THE ROPS PLOTTER FILE
*NO PARAMETERS

"TPRESSURE (PA}

TBEDS HIGHT (M)

TWATER LEVEL CN THE BED (M)

'HWIGHT OF SUBCOOL ZONE (M)

"PARTICLE DIAMETER (M)

"TPOROSITY

"COOLANT VELOCITY (M/3)

*SUBCOOL TEMPERATURE (DEG-C)
TREYNOLDS NOMBER

*DRYOUT HEAT FLUX (W/M2)

FDRYOQUT HIGHT (M)

*OVER ALL PRESSURE CROP (PA3
'PRESSURE DROP IN PACKED 2-PHASE {(PA)
/ '"P<RESSURE (>P<A3

"BCEDS >H<IGHT (M)

'"WCATER L<EVEL ON THE B<ED (M)
"H<IGHT OF >S8<UBCOOL >Z<ONE (M)
"P<ARTICLE >D<IAMETER (M)
TP<OROSITY

"C<OCLANT >V<ELQOCITY (M/S)
TS<UBCOOLING (7?+<0%C)

'TR<EYNOLDS >N<OMBER

'D<RYDUT >H<KEAT >F<LUX  (>W/<M?+2%)
TDCRYQUT  S>HLIGHT (M)

"O<VERALL >P<RESSURE >D<ROP (>P<A)
'P<RESSURE >D<ROP IN >P<ACKED 2->P (P<A)

Y

T

T~ s EBRTo s tlo— FEY 2 - VOERG &

- m W W e W W M - M W W m om W ®™ m m o ow M w W = % = = = = =

MNONN Y Y Y Y N Y Y NN

L T T T T T T T

-~
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//JCLG JOB
fFJCLLG EXEC JCLG
f/SYSIN DD DATA,DLM=T++"
// JUSER 39273733,YU.ABE,0957.01
T.0 W.0 I.0 C.O .
OPTP PASSWORD= SNOTIFY=)3733
f/ EXEC FORT?77,30=43733.CO0L.STROIN,A="ELM(x}"
//*EXEC DELETE,DSN=J3733.CO0L.STROIN.LOAD
// EXEC LKEDCT77,LM=J3733.CO0L.STROIN,UNIT=D0950
++
I

Fig.B.9 VE s — s FE BT sl saflo—FEYda—fEinzsno JCL

E<XPERIMENTAL >D<ATA

2 A-1 CUTPUT POTION
E<FFECT OF >R<ELATIVE >P<ERMEABILITY B-1 TITLE
P=0.1(MP<A) >H<=BS5(MM) >V?-<L0%=0(<M/S) €C-1 LABEL

5 D-1 X-AXIS NO.
10 D-2 Y-AXIS NO.

0 p~-3 PARAMETER NO.
1.0E+05 E-1 CONDITIONC(P)

0.085 E-2 CONDITIONCH)

0.0 E-3 CONDITIONC(WL?

0.0 E-4 CONDITIONCVLO)

5 F-1 NO. OF FILES
<N=3 G-1 ID FOR THE FILE-1
1 G-2 DISCRIPTION CPTION
<N=4 G-1 ID FOR THE FILE-2
1 G-2 DISCRIPTION OPTION
<N=5 G-1 ID FOR THE FILE-3
1 G-2 DISCRIPTION OPTION
<N=6 G~1 ID FOR THE fILE-4
1 G-2 DISCRIPTION OPTION

G-1
G-2

2

i
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ID FOR THE FILE~-S
DISCRIPTION OPTION
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£ccc

/ CONSZ /

DATA

R R R K

/ INI

DATA
DATA
DATA

A

Tl /

IRECI
IRECO
IEND

/ PLOTL1 /

DATA
DATA
DATA
DATA

CHDATA
XLIST
YLIST
IPFN

/ PLOTZ /

DATA
DATA
DATA
DATA

NPLOT
1aP
ISP
IMINP

)

T e e

JAERI-M 86-048

'PRESSURE (M)

t

4
'BED HIGHT (M) A
"WATER LEVEL ON THE BED (M3 T
"PARTICLE DIAMETER (M) v,
"COOLANT VELOCITY (M/S) ‘s
*COCLANT TEMPERATURE (DEG-CY ' /
0 /
0 /
0 /
L} L}
'E<FFECTIVE >S<ATURATION
YEXLEVATION (M)
'J3733_CO0OL .ROPSPLOT.DATA(WORKD

oS O 0O
e N

Fig.B1l 1B — FEYa— vOfFRAE

//JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM='++"
/4 JUSER 39273733,YU.ABE,0957.01
T.0 W.0 I.2 C.0
OPTP PASSWORD=

f 1% .
// EXEC
f/7*EXEC
/! EXEC
// EXEC
Iy

/7%

// EXEC
/1 EXEC
/1 EXEC
I

++

/!

+NOTIFY=J3733

FORT77,50=J3733.CO0L.STEADY,A="ELM(x)"'
DELETE,DSN=J3733.CO0L.STEADY.LOAD
LKEDCT77,LM=J3733.C00L.STEADY,UNIT=D0%50
REMEM,DSN=J3733.CO0L.STEADY.
ELM=TEMPNAME,NELM=STANDARD

FORT77.,S0=J3733.C00L.STEADY,A="ASTER,ELM(*)"'

LKEDCT77,LM=43733.CO0L.STEADY,DISP=SHR,UNIT=D0%50

REMEM,DSN=J3733.C00L.STEADY.
ELM=TEMPNAME,NELM=DETAIL

Fig. B.12
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