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A STRUCTURAL MODIFICATION OF THE TWO DIMENSIONAL
FUEL BEHAVIOUR ANALYSIS CODE FEMAXI-III WITH
HIGH-SPEED VECTORIZED OPERATION

Kazuaki YANAGISAWA, Takashi YAMAZAKI®, Yasuo TOKUNAGA
and Misako ISHIGURO'

Department of Nuclear Safety Research
Tokai Research Establishment, JAERI

( Received January 23, 1985 )

Though the two-dimensional fuel behayicur analysis code
FEMAXI-III has been developed by JAERI in form of optimized scalar
computer code,the call for more efficient code usage generally arized
from the recent trends 1ike  high burn-up and load follow operation
asks the code intc further modification stage.

A principal aim of the modification is to transform the alreacy
imnlemented scalar tyne subroutines inte vectorized forms to make
the programme structure efficiently run on high-speed vector computers.

The effort of such strdctural modification has been finished
on a fair way to success,The benchmarking two tests subsequently
performed to examine the effect of the modification led us the
following concluding remarks:

{1} In the first benchmark test comparatively high-burned three
fuel rods that have been irradiated in HBWR,BWR,and PWR
condition are prepared. With respect to all cases,a net
computing time consumed in the vectorized FEMAXI is
approximately 50% less than that consumed in the original
one,

{2) In the second benchmark test,a total of 26 PWR fuel rods
that have been irradiated in the burn-up ranges of 13-30

+ Computer Center
* Kanazawa Computer Service Co.
* Fujitsu Ltd.



(3)
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MWd/kgU and subsequently power ramped in RZ reactor,Sweden
is prepared.In this case the code is purposed to be used for
making an envelop of PCI-failure threshold through 26 times
code runs. Before coming to the same conclusion, the vectorized
FEMAXI-III consumed a net computing time 18 min. ,while the
original FEMAXI-III consumed a computing time 36 min.
respectively.

The effects obtained from such structural modification

are found to be significantly attributed to saving a net
computing time in a mechanical calculation in the vectorized
FEMAXI-III code,

Modification, Fuel Behaviour, FEMAXI-III, Vectorized Operation
Two Dimensional, Scalar Computer Code, Reactor Safety
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BHEEESTWE, OB, REBOHARREATIZEETITHEIL THET ZHKICL -
TED, BT 4 — Fovy 2 BBREHELRCE - TNHT 2L TROER LITREEZRTT 5,
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1) FE1EEORYF=—2F2 FTEABWR, BWREU PWR &4 F T HEH = vk B
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HE LI BRSSP D b DR D 0% D ED -1,
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IO ERETEL I B -7,
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Table 1 Procedure tc vectorize the FEMAXT-ITI

Step work Code tools used
1 Understanding of the original programme Vs
2 Change COMMON sentence intce INCLUDE file
Compiler option, Autedouble ' VO SLC, VIVAPO
3 Characterisitc analysis on programme ANALYSIS-77
‘ FORTUNE
TOP10
SPREAD 77
4 Optimization to individual subreoutines V1 FORTUNE
have already implemented to TOP1O
5 Parallel dealing to an element with vz FORTUNE
four Gaussian points : TOP10
6 Parallel dealing to all eighteen V3 FORTUNE
elements inciuded 1n TOP10

Table ? An exanmple of preocedure to vectorize

the subroutine ELMLP2 in FEMAXI-TIIIL

ORIGINAL{Scalar) MODTIFIED(Vector)
DO 1 M=1, NELM CALL LOCALI
CALL LOCALI CALL GAULP2
DO 2 L=1, NGUS DO i M=1, NELM
CALL GAULPZ2 CALL CLBDF

2 CONTINUE 1 CONTINUE
CALL CLBDF CALL T.OCALI
CALTL LOCALT

1 CONTIKRUE
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Table 3 Result of separate effect test on the vectorized

FEMAXI-IIT code

Programme
Original Tentative ————— Vectorized
Reactor Vs va V1 vz V3 V3/VS
HBWR 1 59 84 13373 . 117 30 1 05 34 10217 0.52
BWR 1 55 638 129 95 1 15 93 103 26 0 59 94 0.51
PWR 117 79 1 00 69 0 50 57 0 42 66 0 40 52 0.52

Figures in table should be read as 1 59 84=1 min. 59 sec 84
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Figure 3 Calculated FGR(Fission Gas Release) vs. calculated hoop
stress at ramp peak power with respect to KWU/CE rods
used in Over-ramp experiments in which open circle

represents intact while full circle does failure rod
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Figure 4 A comparison of computing time between original scalar

FEMAXT-TITI and vectorized FEMAXT-TTII
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MAIN & =we—— INPIMG

+-—-AAJERQ-—-=-~~- CLEAR

1 +-—-ICLEAR

+=~INPUT1----%xDABS

I +-—-PRINTO

+——FEMAX3————~ INPGER=———*DFLOAT
1 +==INPR -————=*DFLOAT
1 +--INPZ
1 +--LINSET
I +=—PLOTLN=-—=--xM0QD
I +==CO0RDI[--—--*DSART
I I +=xMOD
I +-=0QUTNQD-—~--- QUTND -===xMOD
1 +--DELTAN
I +=--NCQUPL
I +==GPSSET
I +-—-MODSET====%MINO
1 +--FPRES2—--—-~*MOD
1 +—*MQOD
I +-=-PRIOQPT
I +~~INPHIS====xTABS
I +-%DFLOAT
1 +—-ADBU
I +-—ADTM
I +~-PRIKIS~~-—-—xM0D
I +—=xDFLOAT
+=--PHIST -----FISRAT
I +-«DABS
+-xDABS
+==RDTEMP=m=w===R JUMP ~———— CPOIR
I I +=~CELMQOD
I I +--CDTHEX
1 1 +--PTHEX ---—#PTHEX1
I +-—INIGAS-~-=¢DSGRT
1 1 +-xDFLOAT
I +-—BURNUP
I +-—-FLXDEP----#DLEN
1 I +=-=FDISTFm="u— SBESG =-=-~-#DSQRT
I I I +-*DEXP
1 1 I +-xDL0G
1 I +——FDIST ==ww— SBESQ ~----xDSGRT
1 1 1 +=~xDEXP
I 1 I +=-xDLOG
I I +--3BES1 -—---—-xDSQART
I I +=*DEXP
I I +-xDLQG
1 +-—FGPRQD
1 + ~TEMPID=-~~-= SSTEMP==--- FLMCON--——=xDEXP
1 I +o-HTEW  ————- TERP
I I +-*DLOG
I I +-~=CTHCON
I I +-xDABS
I I +=-GAPCON—-———#HMAY
I 1 1 +-xDEXP
1 I I +~¢DS5QRT
I I I +==PTHCON--—-—-#POROS
1 1 1 1 +-#TCON1
1 1 1 I +-xDEXP
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+—xDFLOAT
+——-INISTR
I

I

I

I

I

I

I

I

I

I

I
+--GPSSET
+--PROFIL
+==FQRCE
+--ELMLP1
I

1

I

I

I

1

I

I

JAERI-M 85-013

————TEMP1D----- SSTEMP————- GAPCON----- PTHCON--+-R#TCON2
I I +==CTHCON
I I +-~GTHCON~===-xDSQRT
I +~=PTEMP ----=xDL0OG
I +—--PTHCON----#PGROS
I L " +-H#TCONT
1 I +-xDEXP
1 I +-4#TCONZ
1 +—*0ABS
+-*DABS
+-—THGAP -———- PDENS —-—-—-HUSDEN
I I +-xDEXP
I +——-PSWELT
L +—=PTHEX ———-#PTHEX1
I +~-URSWEL=-——-2DEXP
I +--CPOIR
I +--CELMOD
I +«=CDTHEX
+--GAPMOD
+--NODFGR--~-- FGREL ----#F1
I +-*DEXP
I +=-+DSQART
I +——-CALGAS--———- IPICK
I +--IKEEP
+-—RODGAS————-*DFLOAT
I +=--HOTVOL-=m=- INTPLT
I +~—=PTHEX —==~-«<#PTHEX1
+--X10DD
+--INTPLT
+—=PRINT1-———~ PRINT2
4~=PRINT3=-==--xIDFIX
----PDENS ----#USDEN
i +—*DEXP
+——PSWELL=-==—=-= URSWEL=-=---=DEXP
+-%DFLOAT
+-—-PSWELT
+-—PTHEX ----HFPTHEX1
+==PJUMP ——-—= CROIR
I +~--CELMOD
I +--CDTHEX
I +=—=PTHEX =-==--#PTHEX]
+--CDTHEX
+--CATHEX
—=——CLEAR
-—--CLEAR
+--LOCAL e CLEAR
I +=-=ICLEAR
+-=SHAPE2—~w=m JACKZ ==-w-= CLEAR
1 1 Fm=PX2
I I +--PY2
I +--P2
I +——Px2
1 +==PY2
+--GAULP1--——~ CLEAR
1 +-—BMAT
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————— ELMLPi-====-GAULP1-=~~-INIMAT
bt I I
1 1 1
1 I I
I I 1
I I +--CREEP1
I I 1
1 I I
1 I I
I I +-~-CRPM11
1 I I
I I I
I 1 1
I I I
1 I 1
1 I +--INVERS
1 I +-~DPMAT
I I I
I I 1
I I I
I I 1
I 1 I
I I I
I I I
I I I
I I 1
I 1 I
I I 1
1 I I
I I I
I I I
I I I
I I I
1 I +--BDMAT
I I +=-=-ESMAT
I I +--FLOAD
I +--COLECT
+~=MODIFY—=—-—— ICLEAR
I +--CLEAR
I +—-+MINO
+==GAPELN=m-—- OPT302----xMAXO
I +-xDABS
1 +--CLEAR
+-—TIMER --—--%DMIN1
I +--=TIMEG
b +=-=TIMEB
T ~--TIMEY
=L MLPE————— LOCAL T =mw== CLEAR
i +-~ICLEAR
1 +--GAULPZ-~-~- CLEAR
I i +-—BMAT
I I +==STRESS
I 1 +--EQISIG
I I +--DPST
I I I
I I I
i I 1
I I I

----- CMAT ==-==FELMOD-—-——#EMOD
+-~FPOIR
+——YDOUNG ===-sDSQRT
+-—-CELMOD
+=-CPOIR
----- EQISIG—---=DSQRT
+--DEVSIG
+--CRPEQ2-—--xDEXP
+=x0SGRT
----- EQISIG-———+DSQRT
+--DEVSIG
+-*xDEXP
+-xDABS
+=+DL0OG
+-xDMAX1
~~~~~ EQISIG--~~xDSQRT
+==FHSOFT
+-—FTSOFT
+==CHSQFT—m=w= CELMOD
1 +=wCYIE -=~——-—xDEXP
1 +=*DSQRT
1 +=—EQSCAL—————FX
1 +==DFX
1 +-xDABS
+~=LTSOFT—~~== CELMOD
1 +--CYIE -=-=-=-xDEXP
1 I +-xDSGERT
I +--EQSCAL-—-——- FX
1 1 +=-DFX
I I +=-+DABS
I +-+DLDG
+-—-DEVSIG
~=—-—xDSART
————— EQISIG-~=-=-xDSGRT
+—-DEVSIG
+-—-FHSOFT
+-~FTSOFT
#==CHSOFT--——- CELMGD
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————— ELMLPZ—~==—GAULPZ-——==DPST
I I I
1 1 1
I I I
I 1 I
1 I I
I 1 1
1 I I
1 I I
I I I
I I I
I 1 I
1 I +-—CREEPZ2
I I I
I I I
1 I I
I I I
I I 1
1 1 +~=CRPM12
I I I
1 I I
I I I
i 1 I
I 1 I
I 1 +~-~-LRACK
I 1 +--PROBTY
I 1 I
I I I
I I 1
I I I
1 I I
1 I 1
I 1 +--BOUNDF
I +--CLBDF
+--PROBDF
+--PROBD1
+-sDSART
+~—REPLN =w==~xDFLOAT
+--0UTRTO-—--—- OUTNOD-~~-~ QUTND
1 +--QUTELM-———- QUTEM
+=-PAPLOT-~-== PPLOT ====xIDFIX
1 1 +-sDABS
I +=-=SETPL1
I +==3ETPLT-==—= SETPLZ
I ' +-~-3ETPL3
I +--SETPL1
+==EGISIG-——-*DSQRT
+~—REPLG ~wrm== LOGCAL I ~= == LLEAR
1 I +-~JCLEAR
I +-=-CRACK
I +--EQISIG---—-*DSQRT
+--0QUTPT1===—xM0D

————— CHSOQFT====~CYIE --—-sDEXP
1 I +-%DSGRT
I +——EQSCAL=--~—- FX
I +=--DFX
i +=-*0ABS
+-~CTSOFT~——-- CELMOD
+==CYIE =-—--xDEXP
I +-*DSQRT
+--EQSCAL~~~-= FXx
I #—=DFX
1 +=xDABS
+=*DLOG
————— ERISIG---~*DSQRT
+--DEVSIG
+--LRPHD2-~~=xDEXP
I +-xDSQRT
+=-~CRPEP2----xDEXP
+-+DSQRT
----- EQRISIG=-==-xDSGRT
+-=-DEVSIG
+=xDEXP
+-xDABS
+-xDLOG
+-xDMAX1
————— FYIE
+~=-CYIE2 —-==-=- CELMOD
#ww(YIE ~--=-3DEXP
1 +—xDSGRT
+-—-EQS5CAL-———~ Fx
+--DFX
+-%DABS
~——~xMOD
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oy 5 LOfEE

————— INPIMG

+-—AAZERO-——-- CLEAR

I +-~ICLEAR

+-—INPUT1~=~~xDABS

I +=-=PRINTO

+-—FEMAX3————~ SELEP2
+--INPGER----*DFLDAT
I +==INPR ---—-%DFLOAT
1 +--INPZ
I +-~-LINSET
I +==PLOTLN-—--—~xMOD
I +—~-CO0RDI=----sDSART
I I +=%xMOD
1 +--QUTNCD----- QUTND —---»xMOD
I +==-DELTAN
1 +~=NCOUPL
I +--GPSSET
1 +--MODSET-—---xMIND
I +-—FPRES2--—-—-*MOD
1 +=xM0OD
I +-—PRIOPT
I +--INPHIS--——%IAB3
1 +-xDFLOAT
1 +=~ADBU
1 +-—-ADTM
1 +--PRIHIS§==-=-=-xM0OD
I +-=DFLCAT
+—-PHIST --—-- FISRAT
I +-xDABS
+-aDABS
+-—RDTEMP—~——- PJUMP =mw=m CPOIR
I b +-—-CELMOD
1 I +——CDTHEX
I I +--PTHEX ----#PTHEX1
I +-—INIGAS——---%DSART
I I +-x0FLOAT
1 +-—-BURNUP
1 +--FLXDEP----#DLEN
1 1 +-~FRISTF===—- SBESQ —----xDSQRT
1 1 I +-*xDEXP
T 1 1 +-xDL0OG
1 1 +=—FDIST =——== SBESO ----s%DSGQRT
1 1 1 +—*DEXP
1 1 1 +-*%DLOG
I I +--SBES1 ----*DSQRT
I I +-2DEXP
1 I +-=0L0G
1 +=-~FGPRO -~---xDFLOAT
I F=—TEMPID==mw— SETEMP—-m==a HTCH
I 1 +r—2uEXP
I I +-xDLOG
i I +-*DABS
1 I +--GAPCON-—-—#HMAY
I I I +-%DEXP
1 I 1 +-#PORDS
I 1 I +=-H#TCONT
1 1 1 +~#TCONZ
I 1 1 +-xDS5QRT
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————— FEMAX3--—--RDTEMP-----TEMPiD-=~=~S5STEMP=====GAPCON-—---GTHCON----%05GRT
1 I +--PTEMP ----#PORDS
1 1 +-#TCON1
I I +-*DEXF
1 i +=-H#TCON2
1 I +-xREAL
1 I +-*DLOG
1 I +-xDABS
I +~2xDABS
I +--THGAP ----#PTHEX1
1 1 +--PSWELT
I I +==PDENS =-~~~-#USDEN
1 1 1 +-*DEXP
1 1 +-xDEXP
1 +--GAPMOD
I +-=-NODFGR—---— FGREL =~=---#F1
1 I +—*xDEXP
I I ) +-*DSQRT
I 1 +-—CALGAS-==-~-- IKEEP
I 1 +~%INT
I 1 +-xDFLOAT
I +--RODGAS~---%DFLOAT
I b +--HOTVOL---—- INTPLT
I I +-—PTHEX --—-#PTHEX1
1 +=~INTPLT
I +-—-PRINTL-————— PRINT2
I 4+=~=PRINT3=-===xIDFIX
+-*DFLOAT
+-~INISTR~---- PDENS --——-HUSDEN
I I +-2DEXP
I +=~PSWELL~——--#DEXP
1 +-*DFLOAT
I +-—PSWELT
1 +--PTHEX ----H#PTHEX1
I +==PJUMP ————- CPOIR
1 I +--CELMOD
I I +--CDTHEX
! I +-—-PTHEX =----#PTHEX1
I +--CDTHEX
1 +~-CATHEX
+--GPSSET .
+--PROFIL
+--FORCE —--—-- CLEAR
+—-ELMLP1-~—~- CLEAR
1 +--LOCALL
I +-=~8HAPEZ
1 +--GAULP1-—--- BMAT
1 1 +-—INIMAT-———- CMAT -—-=-~HEMOD
i I I #-xDSQAkK T
I e +-xNEQRT
1 1 +--CRPM1l1-~~~~ DEVSIG
1 b I +—xDEXP
1 i I +~xDABS
1 I I +-x0LOG
1 1 1 +-xDMAX1
1 I +-~CREEP1-—--= DEVSIG
1 1 1 +-—CRPEQZ~—~~*DEXP
1 1 I +-*xDSART
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————— ELMLP1--=---GAULP1--—-—-=-INVERS
1 1 +--DPMAT
I 1 1
I I I
I I I
I 1 I
I I 1
I 1 I
b 1 I
1 I I
I 1 I
1 I I
1 1 +~-BDMAT
1 I +-—ESMAT
I 1 +=-=FLOAD
1 +--COLECT
+--MODIFY-———- ICLEAR
I +-=CLEAR
I +-*MINC
+==GAPELN-—=-=-- OPTS02~~=--2MAX0
1 +-xDABS
I +-=CLEAR
+-=~TIMER —~—-—%DMIN1
I +--TIMEG
I +--TIMEB
I +==TIMEY
+--ELMLP2~~-=-= LOCALI
1 +-=GAULP2~——=—~BMAT
I 1 +--5TRESS
1 I +-xDSQRT
I I +--DPST
1 I 1
1 I I
I I 1
1 1 1
1 I I
I I I
1 1 I
I 1 I
1 1 1
I 1 I .

I I +=-=-CRPM12
I I I

I I 1

I I 1

I I 1

1 1 I

1 I +--CREEP2
1 I 1

I I I

1 I 1

I I I

1 1 1

1 I +--CRACK
1 I +-~PROBTY
1 I 1

1 I I

I I I

----- EQISIG-—-~--*D3SQRT
+=—LHSQFT==—e CELMOD
1 +-=CYIE =----xDEXP
1 1 +-sxDSART
1 +-—EQSLAL~--~--xDABS
+==LTS0FT~=o—w CELMCD
1 +--LYIE ——--xDEXP
I I +=-xDSART
1 +-—EQSCAL=-=-=-=-%DABS
I +~x0L0G
+==DEVSIG
----- EQISIG~---«xDSGART
+~~-DEVSIG
+==CHSO0FT—---— CELMOD
I +=~=CYLE —----*DEXP
I 1 +~*DSQRT
1 +~=EQSCAL-~~-2DABS
+==LTSOFT==——~ CELMOD
+~=CYIE =~--xDEXP
I +-=DSQRT
+-=EQSCAL---~-*DABS
+=-x0L0G
----- EQISIG----%08QRT
+--DEVSIG
+-xDEXP
+-xDABS
+~-*DLOG
+-xDMAX1
————— EQISIG=--—%DP32GRT
$~-n S IE
== CQPHR D ——e . 22 AP
1 +~x0S5QRT
4+-~=-CRPEP2—--—*DEXP
+-+DSQRT
————— CYIE2 ===~-CELMOD
1 +--LY1E —---»DEXP
1 1 +—%DSART
I +--EQSCAL~----*%DABS



JAERI-M 85-013

————ELMLP2~-=-- GAULPZ2----- PROBTY-—-——— FYls
I I +=--80UNDF
1 +==CLBDF
+--PROBDF
+--PROBD1
+-xDSQART
+-—-REFLN —-—-—-—-%DFLQOAT
+-=0UTPTO----- QUTNOD———-- QUTND —-—--xMOD
I +--0UTELM-—=—~ QUTEM
+-—PAPLOT ===~ PPLOT =----%IDFIX
1 I +—-#DABS
I +--SETPLL
I F==SETPLT———== SETPL2
1 +——-SETPL3
I +--SETFL1
+-xDMIN1
+--REPLG ===~ LOCALI
I +--CRACK
I +-xDSGQRT
+--JUTPT1----xMDD
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